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ACHIEVEMENTS AND PROBLEMS OF FOREST
ENTOMOLOGY IN UKRAINE
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HaBeneHO OCHOBHI pe3yJibTaTH JOCIIIKEHb 3 JIICOBOI EHTOMOJIOTIT B YKpaiHi 32 OCTaHHI I€CATh POKiB. YTOYHEHO CIIUCKH MIKiJUIUBUX KOMaX
ocHoBHUX JicoBux mopia (Pinus sylvestris L. i Quercus robur L.). Po3noyaro BuBuenHs wikiaHaukiB Fraxinus sp., Betula sp. ta Acer sp.
JloCTiDKYIOTh HMHTAHHS CE30HHOTO PO3BHTKY MICIEBHX 1 aJBEHTHBHHX KOMaX, IO ITOMIKO/PKYIOTh JIICOBI ZepeBa Ta JICOBY HPOMYKILIO.
IIpunineno yBary IHTaHHAM JUHAMIKH MOIYJALIH Ta MIKIJUIMBOCTI KoMax-(iTodariB, IXHIM acoIlialisM 3 ITaTOreHHUMH OpraHi3MaMH.
Iixkpecieno GpyHIaMeHTaNbHE Ta IPAKTHIHE 3HAYCHHS AOCIIIKEHB 3 JICOBOI €HTOMOJIOTI] A JicOBOro rocnoaapctsa. OCHOBHI 3aBIaHH
Ha HaiOmwKkde MaiiOyTHE BKJIIOYAIOTH OLHIOBAHHS BIUIMBY 3MiHHM KJIiIMAaTy Ha CE30HHMI PO3BHUTOK KOMaXx, IXHI BI)KHBAHHS, IUIOMIOYICTH 1
IIKIUTABICTb, @ TAKOXK 0aJIOBE OLIHIOBaHHS CIIPOMOXKHOCTI CTOBOYPOBHX KOMAaxX HMEpPEHOCUTH IpHOH, OaKkTepiil Ta HEMATO, SIKi CIPHYNHSIOTH
BiAma | AepeB i MOTIPIICHHS SIKOCTI AEPEBUHH. 97 Ha3B.
KarouoBi c10Ba: KOMaxXy-XBOEIHMCTOTPU3H, CTOBOYPOBI KOMaxH, LIKIJHUKH HE3IMKHEHHX JICOBHX KYJIbTYp, aJBEHTHBHI JICOBI KOMaxH,
CE30HHHMIT PO3BUTOK, JMHAMIKA ITOIYJISLiH, IIKiNIMBICTh, TPOTHO3YBaHHS.
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C. 119-129.

TIpencraBieHsl OCHOBHBIE PE3yJIbTAaThl UCCICAOBAHMI MO JECHOW 3HTOMOJIOTMH B YKpaWHE 3a MOCIEIHUE JCCSTh JIET. Y TOYHEHBI CIIHCKHI
BPEIHBIX HACEKOMBIX OCHOBHBIX JiecHbIX mopox (Pinus sylvestris L. u Quercus robur L.). Hauato usyuyenue Bpemureneii Fraxinus sp.,
Betula sp. u Acer sp. UccieytoT BOIPOCH! CE30HHOTO Pa3BUTHSI MECTHBIX M aJBEHTHBHBIX HACEKOMBIX, [IOBPEXKIAIOIIHX JICCHBIC AEPEBbS U
JIECHYIO MPOAYKIHUIO. YIEICHO BHUMAHKE BOIPOCAM AWHAMUKH IIOMYJSIHI ¥ BPSIOHOCHOCTH HACEKOMBIX-(DHTO(HAroB, UX acCOLHALHSIM C
[ATOT€HHBIMM OpraHu3Mamu. [1og4€pKHYTO (yHIAMEHTaIbHOE M NMPAKTHYECKOE 3HAYCHHE HCCICJOBAHMH 110 JICCHOI HTOMOJOTMH IS
JiecHOro xo3siiicTBa. OCHOBHBIC 33/1a4i Ha Oimpkaiiiiee Oyayiee BKIIIOYAIOT OLICHKY BIMSHHS W3MCHEHHS KIIMMAaTa Ha CE30HHOE Pa3BHTHE
HACEKOMBIX, MX BBDKHBAEMOCTH, IUIOZOBHTOCT M BPEIOHOCHOCTh, @ TAaKXKe OAUIBHYIO OLICHKY CIHOCOOHOCTH CTBOJIOBBIX HACEKOMBIX
HEPEHOCUTH IPUOBI, GaKTepUil 1 HEMATOI, BBI3BIBAIOIINX OTIAL JICPEBHEB U yXYIICHHE KaueCTBA JPEBECHHBL. 97 Hass.
KuroueBble €10Ba: XBOCIHCTOIPBI3YIINE HACEKOMBIE, CTBOJIOBBIC HACEKOMBIC, BPSANTEIN HECOMKHYTBIX JIECHBIX KYJIBTYp, aJBEHTHBHBIC
JIECHBIE HACEKOMBIE, CE30HHOE Pa3BUTHE, JMHAMHIKA HOIMYILSIIHI, BPEIOHOCHOCTh, IPOTHO3HPOBAHHE.
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The main results of researches on forest entomology in Ukraine for last ten years are presented. Insect pest lists were clarified for the main
forest species (Pinus sylvestris L. and Quercus robur L.). Such study of Fraxinus sp., Betula sp., and Acer sp. pests is started. Issues of
seasonal development of native and adventive insects damaging forest trees or forest production were studied. Attention is paid to population
dynamics and injuriousness of phytophagous insects, their associations with pathogenic organisms. Fundamental and practical meaning of
researches on forest entomology for forest management is underlined. The main tasks for near future include evaluation of climate change
influence on forest insects’ seasonal development, their survival, fertility and injuriousness, as well as scoring of stem insects’ ability to
vector fungi, bacteria, and nematodes that cause tree mortality and decrease of timber quality. 97 refs.
Keywords: foliage browsing insects, stem insects, pests of unclosed plantations, adventive forest insects, seasonal development, population
dynamics, injuriousness, prediction.

Introduction. Richin a variety of habitats and species composition, forest ecosystems attracted the
attention of classical entomologists. At the same time, forest entomology has developed as an applied science due
to the need of forest and forest products protection. After the invention of effective insecticides, the main focus of
research over the decades has been directed to improvement the technology of forest treatment with insecticides.
However, it became clear that such ‘forest protection’ is dangerous for non-targeted organisms, whereas target
species increase population number and resistance to poisons. Untimely use of insecticides (both within the
season and the cycle of pest population gradation) leads to outbreak prolongation. Therefore, in the forest
entomology of the last decades, an important place belongs to researches of the spatial and temporal dynamics of
forest insect populations, their seasonal development, regional peculiarities of biology, interactions with host
plants, insect competitors, entomophages, and pathogens, particularly fungi. Thorough examination of these
issues shows that forest damage by insects is often considerably less than by human activity, including forest
management. Therefore, forest entomologists suggested a number of modifications into recommendations on
different issues of forest management which makes it possible to reduce losses, particularly from insects. The
main cases where it makes sense to use pesticides include: protection of cones and seeds in seed orchards,
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seedlings in nurseries and green houses, unclosed pine plantations, felled timber, and in exceptional cases the
forests themselves. As the production of forest is not only timber, but also mushrooms and berries, the issues of
its protection, especially in special plantations, can also be attributed to the prerogative of forest entomology.

Therefore, applied forest entomologists pay the main attention to insects of such trophic groups:

— phytophages because of threat to forest and forest production;

— mycetophages because of threat to edible cultivated fungi;

— entomophages as the agents of forest protection;

— detritophages, necrophages, and coprophagous insects in the frame of nature protective activity.

Decision making about forest management or forest protection is based on study not only insect species
composition but also the timing of tree damage during the season, population dynamics (outbreak severity,
frequency and duration), prediction of insect spread and harm considering climate, microclimate and weather,
forest site conditions, age, density and tree composition.

The history of forest entomology in Ukraine was repeatedly highlighted in publications (Meshkova, 1998,
2008, 2014, 2016).

The aim of this paper isareview of researches on fundamental and practical issues of forest
entomology and definition of tasks for further investigation.

Materials and methods. Presented review is based on publications of Ukrainian researchers
on forest entomology, mainly for the last 10 years (2009-2018).

Results and discussion. Species composition of forest insects is usually
studied by specialists for individual taxonomic groups, particularly longhorn beetles— Coleoptera:
Cerambycidae (Bartenev, 2009), bark beetles— Coleoptera: Curculionidae: Scolytinae (Nikulina, 2014;
Terekhova, Salnitskaya, 2014), jewel beetles — Coleoptera: Buprestidae (Prokhorov, 2014).

Forest entomologists consider complexes of insect species associated with individual forest tree species
(pine, oak, ash, birch), individual parts of trees (foliage, branches, stems, roots) or forest age (particularly,
unclosed plantations, mature stands etc.).

This way, in clear-cuts of fresh maple-lime oak stands stem insects in the East part of Forest Steppe of
Ukraine 35 insect species from 6 families were found (Kukina, 2011).

In pine stands of Low Dnieper region, 199 insect species (84 phytophagous and 64 entomophagous),
including 4 species new for region, were found. Peculiarities of bioecology and phenology of 5 foliage browsing
species and 24 stem species were studied (Nazarenko, 2012).

In pine stands of Kyiv and Chernihiv Polissya and also in Transtyasmin region (Forest-Steppe), 11 species
of pine sawflies from 5 genera and 2 families (Pamphiliidae and Diprionidae) were identified. Among these
species, Acantholyda sp. (Acantholyda erythrocephala (Linnaeus, 1758), A. posticalis (Matsumura, 1912),
A. hieroglyphica (Christ, 1791)), Diprion pini (Linnaeus, 1758), and Neodiprion sertifer (Geoffroy, 1785) are
rather well known. There is not enough data on Macrodiprion nemoralis (Enslin, 1917), Diprion similis (Hartig,
1834), and four Gilpinia spp. (G. frutetorum (Fabricius, 1793), G.virens (Klug, 1812), G. variegata (Hartig,
1834), and G. laricis (Jurine, 1807)). G. frutetorum amounted up to 90% in collections. Keys for pine sawflies
identification by cocoons and larvae inside (eonymphs), by larvae during feeding and by egg clusters were
developed (Skrylnik etal., 2014). Biological peculiarities were specified for injurious species, particularly
Lepidoptera: Dendrolimus pini (Linnaeus, 1758), Sphinx pinastri Linnaeus, 1758, Panolis flammea (Denis et
Schiffermuller, 1775), Bupalus piniaria (Linnaeus, 1758) and Hymenoptera: Diprion pini, Acantholyda
hieroglyphica, A. erythrocephala, A. posticalis, G. frutetorum, and Gilpinia virens (Kukina, 2014).

Spread of 53 stem insect pests from 34 genera of 3 families of order Coleoptera were studied in trees of
different health condition, woody debris and harvested wood in the pine stands of the Left-bank Forest Steppe of
Ukraine (Skrylnik, 2015). In the pine stands of the North-Eastern Steppe of Ukraine 25 stem insects from
21 genera were identified (Kochetova, 2017).

In stands of silver birch of Kharkiv Region, 12 species of stem insects from two orders (Hymenoptera and
Coleoptera) were identified. Among them 3 species are common, 1 species is usual, 5 species are rare, and
3 species are sporadic. The most of these species colonize predominantly greatly weakened trees. Tremex
fuscicornis (Fabricius, 1787), Agrilus viridis Linnaeus, 1758, Xylotrechus rusticus (Linnaeus, 1758), and bark
beetles (Scolytinae) can colonize healthy and weakened birch trees at high population density. In recently died
trees, 9 species of stem insects were found, and two of them (Agrilus viridis and Xyleborinus saxeseni
(Ratzeburg, 1837)) complete their development in such trees. The most of insects (10 species) colonize wood
production and coarse debris (stem segments). Buprestids and occasionally longhorn beetles colonize fine wood
debris (segments of branches). Birch stumps are colonized by Dicerca furcata (Thunberg, 1787), Dicerca alni
(Fischer, 1824), occasionally by Xiphydria longicollis (Geoffroy, 1785), Xylotrechus rusticus (Linnaeus, 1758),
Aegomorphus clavipes (Schrank, 1781) (Skrylnik, Koshelyaeva, 2015). Later this list was increased to 22 species
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from three orders (Hymenoptera, Coleoptera, and Lepidoptera), and biological peculiarities of some species were
studied (Koshelyaeva, Skrylnik, 2017).

The list of foliage browsing insects in ash (Fraxinus sp.) was clarified (Davydenko, Meshkova, 2017;
Meshkova, Borysova, 2017). Black sawfly (Tomostethus nigritus (Fabricius, 1804)) was the most spread and
caused severe defoliation in some years (Meshkova et al., 2013a, 2017e; Zinchenko, Kukina, 2015).

Recently, the habitats of some insects shifted in result of climate change and anthropogenic influence.
Such insects are adventive in new sites and often play noticeable negative part in ecosystems, because they
compete with native species. Some of them get to new regions with host plants. In this way the spruce (Picea
abies (L.) in the east of Ukraine now is greatly infested by pests from western regions, particularly by soft scale
insects — Physokermes hemicryphus (Dalman, 1826) and Physokermes piceae (Schrank, 1801) (Homoptera:
Coccidae) (Melenti et al., 2017), Ips typographus, (Linnaeus, 1758) I. duplicatus (Sahlberg, 1836), Monochamus
sartor (Fabricius, 1787) (Meshkova et al., 2014a, b).

The initial range of zigzag elm sawfly Aproceros leucopoda Takeuchi, 1939 (Hymenoptera) covers Japan,
the east of China, the Korean Peninsula, and the Russian Far East. It was found in Luhansk Region in 2006, and
its first outbreak was registered in artificial plantations of Siberian elm (Ulmus pumila) in Donetsk Region and
Zaporizhzhia Region in 2014 (Martynov, Nikulina, 2015).

Biological and ecological peculiarities of Anisandrus maiche Stark, 1936 (Coleoptera: Curculionidae:
Scolytinae) in Ukraine were studied (Terekhova, Skrylnik, 2012). This species from a Far Eastern fauna was first
found in Ukraine in 2007. Its host plants are Quercus borealis Michx., Quercus robur L., and Populus tremula L.

The North American intruder Leptoglossus occidentalis Heidemann 1910 (Heteroptera: Coreidae) was
found in different regions of Ukraine (Putshkov et al., 2012).

Ash weevil Stereonychus fraxini (De Geer, 1775) (Coleoptera: Curculionidae) is common in the southern
regions of Europe, especially in Italy, Romania, and Moldova. In 2016-2018 it rather intensively damaged ash
foliage in some forest plots in Kharkiv Region (Meshkova, Borysova, 2017).

Horse chestnut leaf miner Cameraria ohridella Deschka et Dimic, 1986, lime leaf miner Phyllonorycter
issikii (Kumata, 1963), black locust leaf miners Parectopa robiniella Clemens, 1863 and Macrosaccus robiniella
(Clemens, 1859), and plane leaf miner Phyllonorycter platani (Staudinger, 1870) have spread in forests and rural
stands of Ukraine (Meshkova et al., 2014b).

However, insect identification is not enough for forest entomologists. Their main task is to determine the
role of insects in the forest, to recognize if they are able to achieve high population density, to damage and to kill
trees. For this purpose, the biological peculiarities of insect species in different regions are clarified. The dates of
seasonal development, the places of possible aggregation are recognized, which is necessary for surveillance,
assessment and prediction of insect seasonal development, trends in population dynamics, and threat for forest or
forest products.

Foliage browsing insects. Researchers and practical foresters pay the greatest attention to the
foliage browsing insects. On the one hand, damaged crowns in a large area attract the attention of public and
regulatory authorities, and on the other hand, foliage browsing insects can be seen and assessed for the most part
of their life cycle.

The lists of harmful insects have been specified for pine and oak forests, which are about 33% and 24% of
all forest covered area (http://dklg.kmu.gov.ua). Such lists for other host trees are formed. The methods for
survey, assessment and prediction have been developed for many of them.

Insect pests of oak in the field protective forest belts were studied (Bajdyk, Berezhnenko, 2013) as well as
their trophic relations in the Left-bank Forest Steppe of Ukraine (Berezhnenko, 2014). Efficiency of insecticide
treatment against ash sawfly in the field protective forest shelter belts was evaluated (Berezhnenko, 2015).

It was shown that the lists of most spread foliage browsing insects are very similar in different regions.
Mean duration of their outbreaks is from three to seven years and increases from western to eastern and southern
regions of Ukraine.

Phenological theory of foliage browsing insects’ population dynamics is the fundamental result of the
research on forest entomology. This theory makes it possible to explain the causes of differences in severity,
frequency and duration of outbreaks. These causes are connected with insect seasonal development, the
correspondence of dates and rates of air and soil temperature, the development of host plants and foliage
browsing insects (Meshkova, 2009b, 2018).

A score for certain forest plots attractiveness for the most common foliage browsing insects was
developed and tested. Such approach gives the possibility to predict the level of crown damage in separate forest
subcompartments using forest inventory data, to build thematic maps of threat level, to evaluate potential focus
area and its change with the change of forest age, relative density of stocking, tree species composition. An
approach was implemented in Polissya (Andreieva, 2009, 2014), Forest-Steppe (Meshkova, 2009b), and Steppe
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(Nazarenko, 2012; Meshkova, Kolyenkina, 2016). The lists of forest plots, where first-priority survey of pine
sawflies (Diprion pini and N. sertifer) must be carried out, were compiled for respective forest enterprises.

Taking into account the changes in forest age structure, potential foci area was evaluated up to 2045 in
Low Dnieper region (Meshkova, Nazarenko, 2011b). Change of forest stocking density was considered in
Zhytomyr Region (Andreieva, Martynchuk, 2017). In Luhansk Region predictive algorithm for pine sawflies was
clarified considering change of forest age, relative density of stocking, pine proportion in stand composition and
land category of neighboring subcompartments (Meshkova, Borysenko, 2017b). The risk of pine sawflies spread
increased in the case of relative density of stocking decrease and increase of subcompartment number which
border with clear-cuts, burnt area or unclosed plantations.

In pine stands of Low Dnieper region, population dynamics of main pests of pine stands was analyzed by
severity, incidence (probability), outbreak duration and intervals between them (Nazarenko, 2012; Meshkova
etal., 2017c).

Outbreak severity was calculated as mean annual area and specific area of foci in the forest fund of
mentioned forest enterprises. Specific foci area was evaluated as ratio of absolute foci area (in hectares) and pine
stands area in the forest fund of mentioned enterprises (in thousand hectares) (Meshkova, 2002). Outbreak
incidence (probability) in the forest fund of certain forest enterprises was calculated as the ratio of the number of
outbreak years and duration of investigated period in years (in %) (Meshkova, 2009). Mean interval between
outbreaks (years) was calculated as the ratio of investigated period and the number of outbreaks during this
period.

Evaluation of the mean score of stand threat from given pest damage was suggested, which gives the
possibility to compare outbreak dynamics in the forest fund of different forest enterprises not taking into account
the absolute values of foci area (Meshkova et al., 2017c).

It was shown that severity, frequency and duration of outbreaks of pine sawflies have increased as
compared with previous decades in many regions (Andreieva, 2014; Meshkova, Davydenko, 2011; Meshkova,
Kolyenkina, 2016).

However, similar insect population number can cause different defoliation of trees, and similar defoliation
can be or not to be the cause of tree mortality. These relations depend on ecological conditions, initial defoliation,
and health condition of the tree (Meshkova, 2013). For separate cases of forest site conditions respective
probability of pine mortality was evaluated (Kolenkina, 2014; Meshkova, Kolyenkina, 2016). Peculiarities of
renewal of radial increment of trees in the foci of pine sawflies are investigated depending on stand age, growth
class of trees, and defoliation level (Koval, Andreieva, 2009).

In the “Standards of the quantitative indicators of the harmful insects impact pine and oak health condition
in the plain part of Ukraine and mountainous Crimea’ (2014, compilers V. L. Meshkova, S. G. Gamajunova,
L. V. Novak, I. M. Koval, O. M. Kukina, S. V. Nazarenko, Yu. Ye. Skrylnik, 1. M. Sokolova, O. V. Zinchenko,
M. S. Kolyenkina, I. V. Porokhnyach, 1. O. Bobrov, K. V. Davydenko, T. V. Kucheryavenko, S. O. Eroshenko,
A. 1. Aristova, Zh. I. Berezhnenko, L. M. Koval) critical population density was evaluated for 18 pine pests and
13 oak pests considering foliage phytomass in stands and initial health condition (for Polissya, Forest Steppe,
Low Dnieper region, and Crimea). Similar tables were calculated for ash stands (Meshkova et al., 2015a, c).

Use of insecticides against foliage browsing insects remains the main way of their suppression.

Entomopathogenic viruses are known to play important role in population dynamics of forest insects
(Meshkova, 2010). In Ukraine, three viral preparations are used for forest protection. They are Virin-NSH to
control Lymantria dispar (Linnaeus, 1758), Virin-ZSP to control Diprion pini and Virin-RSP to control
N. sertifer. However, this control measure is not always successful. It depends on insect biology and seasonal
development, phase of insect outbreak, dates of treatment and weather conditions. In favorable conditions,
epizooty develops in several stages and viral infection disseminates in the forest. Virus application is the less
effective in years of intensive population growth. After treatment in a year of culmination, the development of
outbreak shifts one year later but its amplitude is lower than in the control plots. Treatment with virus in a year
after culmination of outbreak provides outbreak collapse two years earlier than in the control plots (Meshkova,
2010).

Weather conditions and N. sertifer phenology was analyzed in the Low Dnieper region. It was proved that
the treatment of pine stands with virus preparation against N. sertifer larvae must be carried out after the date of
stable transition of air temperature over 10 °C (flowering of pine, apricot, oak, blackthorn, dandelion, Norway
maple are phenological indicators). Treatment of stands in the 2" and 3™ decades of May is risky, and in the
1%t decade of June is unreasonable (Meshkova, Nazarenko, 2011a).

Usually only larvae of Lepidoptera and Hymenoptera are considered as foliage pests which are able to
cyclic population dynamics. However, in some years Chrysomelidae and Curculionidae (Coleoptera) increase
their populations and cause high foliage damage.
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Peculiarities of seasonal development of Chrysomela populi Linnaeus, 1758, Ch. tremulae
Fabricius, 1787, Xanthogaleruca luteola (Muller, 1766), Agelastica alni (Linnaeus, 1758), and Altica
quercetorum Foudras, 1860 were investigated. All stages of Altica quercetorum were found the most early, and
all stages of Agelastica were found the latest (Meshkova et al., 2016).

Among foliage pests the role of leaf miners increases in last decades (Meshkova, Mikulina, 2009, 2011,
2012a, b, 2013; Meshkova, Nazarenko, 2012). In green stands of Kharkiv Region peculiarities of biology and
space and temporal dynamics of horse chestnut, lime and black locust miners are investigated. Relations between
foliage damage and insect population density are evaluated. Influence of foliage damage by horse chestnut miner
on radial increment of wood and generative organs of horse chestnut is evaluated numerically (Koval, Mikulina,
2012). Some species of Aesculus L., Tilia L., and Robinia L. were relatively resistant to horse chestnut, lime and
black locust miners (Meshkova et al., 2013b). Fourteen eulophid parasitoids are found, particularly 5 from horse
chestnut miner, 9 from lime miner, and 6 from black locust miners. Methods of assessment and foliage protection
are developed taking into account peculiarities of seasonal development and spatial distribution of insects-leaf
miners. Technical and economical effectiveness of insecticide treatment against horse chestnut miners are
evaluated (Mikulina, 2012).

Insect pests in unclosed plantations. Pine plantations are artificial ecosystems, where
forest environment only begins to form, and therefore plants are vulnerable to any damage or infection. All parts
of transplants (seedlings) can be damaged by insects. For last decades, several recommendations were
development for such stands protection from insects, especially ‘Recommendations on forest plantations
protection from root pests’, ‘Recommendations on forest plantations inspection on insect pests’ (2008).
‘Recommendations on assessment of pest influence on forest plantations condition in burnt area’ (2014,
compilers V. L. Meshkova, O. M. Kukina, S. V. Nazarenko, Yu. Ye. Skrylnik, 1. M. Sokolova, O. V. Zinchenko,
M. S. Kolyenkina, I. V. Porokhnyach, I. O. Bobrov, K. V. Davydenko, T. V. Kucheryavenko, S. O. Eroshenko,
A. 1. Aristova, L. M. Koval) include general characteristics of insects and pathogens in unclosed pine plantations,
description of symptoms and signs of foliage, buds, shoots, branches, stem and root damage, the principles of
damage assessment, and respective examples.

Seasonal development of Acantholyda hieroglyphica in unclosed pine plantations was studied (Koval,
2016). The dates of swarming of the small banded pine weevil Pissodes castaneus (De Geer, 1775) (Coleoptera:
Curculionidae) were clarified (Meshkova, Eroshenko, 2015).

In pine forests in Siverskiy Donets River valley, 10 species of stem insects which damage unclosed pine
plantations were revealed. Large pine weevil Hylobius abietis (Linnaeus 1758) and bark beetles Hylastes ater
(Paykull, 1800), Hylastes opacus Erichson, 1836, Hylastes angustatus (Herbst, 1793), and Hylurgus ligniperda
(Fabricius, 1787) are the most spread and dangerous of them. Biological and ecological peculiarities of these
species have been studied (Sokolova, 2012, 2016).

Existent methods of assessment have been perfected and the new ones have been developed. Parameters
of spread and injuriousness of stem insects of unclosed Scots pine plantations were considered depending on
forest site conditions (Meshkova et al., 2015d). Rating system has been developed to predict the threat of these
insects for pine plantations of different forest enterprises of the region. The methods of unclosed plantations
protection from stem pests and the dates of treatment have been substantiated. Effectiveness of such treatment
has been evaluated (Meshkova, Sokolova, 2017).

Mentioned large pine weevil and bark beetles can also damage natural regeneration of pine, but they are
more dangerous in plantations which usually cover several hectares with plants of single species and age. These
insects are attracted to clear-cuts and infest the stumps and wood debris, and then the adults of new generation
damage transplants during maturation feeding. Some specimens of these species hibernate as larvae and other as
adults. Therefore, there are several phenological groups during the season. For example H. ater can develop in
any of five patterns: mother generation that hibernates in adult stage (1) and in larval stage (2); daughter
generation, that is the progeny of the first group (two generations per season: the main (3) and sister brood (4)),
and the progeny of the second group (one generation per season (5)). The most threat from this pest to transplants
reveals from the beginning of vegetation period to the end of June, and less one in the second part of summer and
up to October (Meshkova, Sokolova, 2017).

Stem pests. Stem pests of living trees include sucking insects (mainly Homoptera and Heteroptera)
and bark and wood boring insects (mainly Scolytinae, Buprestidae, Cerambycidae). They can cause tree mortality
and therefore they are physiological pests. Stem pests of felled or windthrown trees destroy timber and are useful
for forest and harmful for forest management, because the timber loses quality and price.

Economical aspects of in time felling of pine trees colonized by stem pests were studied in Polissya. The
spread of stem pests and blue-stain fungi in harvested pines was analyzed monthly, particularly in the upper,
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middle and lower parts of trees. It has been calculated that the cost of timber of felled trees reduced after two
seasons by a factor of 2.42, or by 142.1 % (Andreieva, Martynchuk, 2018).

Sucking pests are dangerous for young trees and weakened mature trees.

Single-species pine plantations in large area are vulnerable for specific pests like pine weevils (Sokolova,
2016) and later for pine bark bug Aradus cinnamomeus Panzer 1806 (Heteroptera: Aradidae).

Detailed study of pine bark bug in Novgorod-Siverske Polissya (Bobrov, 2016; Meshkova, Bobrov, 2011,
2012, 2018) show, that this insect has two-year life cycle in the region. Odd-year population of pine bark bug
dominated in all investigated stands, although the specimens of even and odd generation can be found each year.
Peculiarities of seasonal development of pine bark bug, parameters of its spread and injuriousness in pure pine
and mixed pine and birch stands were investigated, particularly in the complex foci with other insect pests.
Numerical score was suggested for prediction of pine bark bug spread and area of potential focus considering
forest site conditions and stand age. Measures on prevention of spread of pine bark bug foci and stand protection
have been developed, including optimal time of early thinning, enrichment of forest litter with foliage of different
trees, fertilizing, treatment with insecticides and fungal preparation Boverin.

The role of pine bark bug decreases with stand age, and bark beetles’ role increases. They usually infest
dying out parts of tree (particularly lower branches), but sometimes increase their population in the stands
weakened by unfavorable environmental conditions or catastrophic phenomena (fire, windstorm). As the most
part of forest stands is planted, human activity becomes the most important cause of tree weakening (Meshkova,
2009a).

Researches on forest management influence on the spread of stem pests (Meshkova et al., 2009) resulted
in development of several recommendations, particularly ‘Methodical recommendations for the survey of forest
stem pest foci’ (2011, compilers V.L.Meshkova, S.G Gamajunova, L.V.Novak, O.M. Kukina,
S. V. Nazarenko, Yu. Ye. Skrylnik, 1. M. Sokolova, M. S. Kolyenkina, G. M. Galiv, K. V. Davydenko,
V. I. Kucheryavenko, V. V. Chudak, I.V. Malitsky), a supplement to ‘Sanitary rules of Ukraine’, and other
recommendations, with a special emphasis on timing of thinning and clear felling considering the possibility of
stem insects spread.

Stem pests of deciduous stands were studied with an emphasis on English oak (Quercus robur L.)
(Kukina, 2011, 2013). Numerical score is given to physiological and technical injuriousness of these species.
Biological peculiarities of the most abundant species (Meshkova, Kukina, 2011) and dependence of their
distribution, survival and rate of development from temperature and relative humidity of colonized substrate have
been investigated. Dynamics of health condition of trees on the border of clear-cut after felling in different
seasons as well as their colonization by oak borer (Agrilus biguttatus (Fabricius, 1776)) have been analyzed.
Population indices of Scolytus intricatus (Ratzeburg, 1837) (Coleoptera: Scolytidae) at colonization of coarse
woody debris were estimated (Meshkova, Kukina, 2010). The threat of spread of oak borer was predicted in the
stands near the border of clear-cuts (Meshkova, Kukina, 2013). Methodical approaches to investigation of stem
pests’ biology and models for prediction of their seasonal development have been developed. Measures to
minimize injury from stem pests in the oak clear-cuts are suggested (Meshkova, Kukina, 2011).

In pine stands of different regions of Ukraine the same species are the most abundant and spread
(Zinchenko, 2014; Skrylnik, 2015; Andreieva, 2016; Kochetova, 2017). Tomicus piniperda (Linnaeus, 1758),
T. minor (Hartig, 1834), Ips sexdentatus (Borner, 1776), I. acuminatus (Gyllenhal, 1827), Acanthocinus aedilis
(Linnaeus, 1758), Monochamus galloprovincialis (Olivier, 1795) infest both standing and felled (trap) trees, and
Phaenops cyaneus (Fabricius, 1775) was found mainly in standing trees.

Biological peculiarities of these insects have been studied (Meshkova etal., 2012; Aristova, 2014;
Kochetova, 2017).

T. piniperda dominates in the focus of root rot, I. sexdentatus and T. minor in fire damaged stands and
T. minor in the foci of foliage browsing insects. It was proved that dynamics of maturating feeding of pine shoot
bark beetles depends both on the cause of stand weakening and on category of tree health condition (Zinchenko,
2014). Peculiarities of colonization of living and felled (trap) trees of different categories of health condition by
stem pests, distribution of pine trees by health condition and mortality were determined for pine stands,
weakened by ground fire, in the foci of foliage browsing insects and root rot (Meshkova, Zinchenko, 2013).
Algorithms for prediction the threat of trees colonization and mortality in stands damaged by fire, root rot, and
foliage browsing insects, have been developed. Methods of trap trees use in the pine stands are improved
(Zinchenko, 2014; Kochetova, 2017).

Numerical score of physiological, technical and general injuriousness was evaluated for 53 stem pests of
Scots pine taking into account their ability to colonize viable trees, to damage them during maturating feeding, to
vector the pathogens and to decrease timber quality. M. galloprovincialis appeared to be the most injurious pest
(Skrylnik, 2013b, 2015). Numerical score of pine stem pests injuriousness was adopted for the North-Eastern

124



V. L. MESHKOVA
Achievements and problems of forest entomology in Ukraine

Steppe of Ukraine considering into account their occurrence and compared with similar scale for the Left-bank
Forest-Steppe (Kochetova, 2017). It was shown, that injuriousness of stem pests varies in different regions, in
living and felled trees. Physiological injuriousness of M. galloprovincialis can be scored as 4-15 points, of
I. sexdentatus and I. acuminatus as 4-5 points. Depending on preferences to colonize the different parts of stem,
technical injuriousness of M. galloprovincialis is 12-13.8 points, of I. sexdentatus 3.9-4.5 points, and of
I. acuminatus 2.8-3.6 points. By general injuriousness, adjusted for insect occurrence, I. acuminatus can be low
or moderately harmful in Kharkiv Region and non-harmful or low harmful in Luhansk Region. I. sexdentatus can
be moderately harmful in Kharkiv Region and non-harmful or low harmful in Luhansk Region (Meshkova,
2017).

Stem pests’ injuriousness increases because of their association with pathogens, particularly with fungi
(Davydenko, Meshkova, 2012; Meshkova, Davydenko, 2012) or nematodes (Davydenko et al., 2015). Due to
internship in the Department of Forest Pathology of the Swedish Agriculture University, fungi associated with
H. ligniperda (Coleoptera: Curculionidae) (Davydenko et al., 2014) and I. acuminatus (Davydenko et al., 2017)
were investigated. It was proved, that I. acuminatus vectors a species-rich fungal community including pathogens
such as Diplodia pinea (Fr.) Dyko et B. Sutton and Ophiostoma minus (Hedgc.) Syd. et P. Syd. Pathogenicity
tests showed that O. minus was the most virulent causing dieback in seedlings of Scots pine.

Measures of harvested timber protection from stem pests are substantiated taking into account their
spread, phenology, and injuriousness.

Classification of stem pests by swarming dates was suggested consistent with phenological periodization
by the dates of stable transition of air temperature over 5, 10, 15 °C and respective phenological indicators
(Skrylnik, 2011, 2013a).

The dates of timber moving out from forest, slash removal, trap trees lying out and debarking, as well as
insecticides treatment were determined for forest and timber protection from stem pests (Meshkova et al., 2015e;
Skrylnik, 2015).

Sums of positive temperatures and duration of development were evaluated for different stages of the most
abundant stem pests, especially A. aedilis (Meshkova etal., 2017a), I.acuminatus, I.sexdentatus, and
Orthotomicus proximus (Eichhoff, 1867) (Meshkova et al., 2015b, 2017b), M. galloprovincialis (Meshkova et al.,
2017d), T. minor and T. piniperda (Meshkova et al., 2015e; Kochetova, 2017). It was confirmed that most of
studied stem pests develop in one generation per year. Only I. acuminatus, I. sexdentatus and O. proximus have
two basic generations and a sister generation (Kochetova, 2017; Meshkova et al., 2017b).

In pine stands decline of recent years I. acuminatus is the first bark beetle to infest the trees (Meshkova,
Borysenko, 2017a; Andreieva et al., 2018). This species has advantages due to multivoltine development and
ability to complete development in rather thin branches of wood debris after felling. The second ability is the
most pronounced in Polissya, where branches slowly lose moisture. The beetle forms ‘spots’ of infestation.
During outbreak, ‘spots’ area increases and the distance between them decreases. An algorithm for forecasting the
risk of bark beetles spread was developed using GIS. It considers forest site conditions, stand characteristic and
neighboring subcompartments (Meshkova, Borysenko, 2017h).

The highest role in bark beetles foci spread belongs to forest species composition (single-species pine
stands are infested first of all) and their age (mainly over 70 years old). Relative density of stocking is by itself a
less important risk factor than its sudden decrease. In 31.1% of pine forest area, the foci formed near the border
of main felling or clear sanitary felling. Due to the availability of digitized cartographic materials and forest
inventory databases, the algorithms for prediction of foliage browsing insects and bark beetles foci were included
into information system of forest protection. Information on pest foci dynamics is displayed in Geoportal ‘Forests
of Ukraine’. It will help to upgrade the accuracy of prediction, to evaluate the optimal area of survey and control
measures against insect pests (Meshkova, Borysenko, 2017b).

It was shown that the best way to protect timber from stem insects is to fell trees in winter and to remove
them from forest before vegetation beginning. In an exceptional case, harvested timber must be treated with
insecticides (Meshkova et al., 2011), particularly with Konfidor Maxi WG, BI-58 CE, Zolon 35 CE (Kochetova,
2017).

Insecticide treatment in optimal dates is the most important in forest protection from foliage browsing
insects (Meshkova, Nazarenko, 2011a), stem pests (Skrylnik, 2015), and pine bark bug (Bobrov, 2016).

These dates depend on air temperature, especially in spring. The earlier beginning of vegetation period
leads to increase of the number of generations for multivoltine insects and acceleration of semivoltine insects
development (Meshkova, 2009b).

The results of researches on forest entomology (not counting exclusively faunistic researches) in Ukraine
of the last 10 years are presented in 10 PhD theses (O. Kukina, O.Andrejeva, S.Nazarenko, |. Mikulina,
M. Kolyenkina, O. Zinchenko, Yu. Skrylnik, I. Bobrov, I. Sokolova, A. Kochetova), over 200 papers and four
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monographs (Meshkova, 2009; Meshkova, Kolyenkina, 2016; Meshkova, Sokolova, 2017; Meshkova, Bobrov,
2018).

These results reflected in ‘Recommendations on forest plantations protection from root pests’,
‘Recommendations on forest plantations inspection on insect pests’ (2008), ‘Methods of stem pests foci
inspection’ (2011), ‘Quantitative parameters of foliage browsing insects influence on oak and pine condition in
the plain part of Ukraine’, ‘Recommendations on assessment of pest influence on forest plantations condition in
burnt area’ (2014), ‘Provisional recommendations on priority measures in pine forests damaged by bark beetles’
(2017).

Since 2015 native and adventive insects damaging different forest tree species are studied, particularly in
Fraxinus excelsior L., Betula pendula Roth., Acer platanoides L. etc. Such infestation, together with fungi and
other pathogenic organisms which infest foliage, stems or roots, leads to forest decline.

‘Methodological guidelines for survey, assessment and prediction of pest spread in the plain part of
Ukraine’ and ‘Recommendations for a comprehensive forest-pathological survey of stands for the detection of
new pests and their impact on forest health condition’ are planned to develop in the next years and to implement
into forest enterprises, quarantine, and environment protection activity.

Conclusions. The main issues of research on forest entomology for the last ten years included
refinement of insect species composition of different host trees, biological and phenological peculiarities of
native and adventive insects damaging forest trees or forest production, population dynamics and injuriousness of
phytophagous species, insect associations with pathogenic organisms. The lists of pine and oak pests are quite
complete, attention is paid to ash, birch, and maple pests study.

The results of research have fundamental and practical significance, because they explain and predict
spatial and temporal population dynamics of forest insects and are the basis for the normative documents of the
forestry sector.

Investigation of climate change influence on forest insects’ seasonal development, their survival, fertility,
and injuriousness remains an important task. Another important task is the scoring of stem insects’ ability to
vector fungi, bacteria, and nematodes, which cause tree mortality and decrease timber quality.
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