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BIOLOGY OF MULTIVOLTINE BARK BEETLES SPECIES
(COLEOPTERA: SCOLYTINAE) IN THE NORTH-EASTERN STEPPE
OF THE UKRAINE

Meshkova V. L., Kochetova A. I., Zinchenko O. V., Skrylnik Yu. Ye. Biology of multivoltine bark
beetles species (Coleoptera: Scolytinae) in the North-Eastern Steppe of the Ukraine. Biological
peculiarities, seasonal development and seasonal population dynamics of three multivoltine bark
beetles — Ips sexdentatus (Boerner, 1767), I. acuminatus (Gyllenhal, 1827) and Orthotomicus proximus
(Eichhoff, 1867) in the stands of Scots pine (Pinus sylvestris L.) in the North-Eastern Steppe of the
Ukraine have been studied. Investigated species have two basic generations and additional sister brood,
which development overlaps. Fresh nuptial chambers can be found from the beginning of vegetation up to
beginning of August. Number of adults is the highest at the end of April — on the beginning of May.
I. sexdentatus prefers to colonize the lowest part of stem with rough bark, I. acuminatus colonizes the
upper part of stem with thin bark, and Orthotomicus proximus colonizes the middle part of stem with
transitional bark. Mean duration of development and respective sums of positive temperatures for
individual generations of Ips sexdentatus have been evaluated .. . 16 Ref.
Key words: Ips sexdentatus, I. acuminatus, Orthotomicus pI‘OXImUS b|ology, seasonal development
seasonal population dynamics.

Mewkosa B. JI., Kouemosa A. L., 3inuenxo O. B., Ckpunvnux IO. €. Bionozis nonieonvmuHHUX 6uoie
kopoidie (Coleoptera: Scolytinae) y Iieniuno-Cxionomy Cmeny Ykpainu. Jocniosxceno 6ionociumni
0COOMUBOCH, Ce30HHULL PO3BUMOK [ Ce30HHY OUHAMIKY NONVISYI MPbOX NOLIBONLMUHHUX BUOI8
kopoioie — Ips sexdentatus (Boerner, 1767), 1. acuminatus (Gyllenhal, 1827) ma Orthotomicus proximus
(Eichhoff, 1867) y nacaoocennsx cocnu 3euuaiinoi (Pinus sylvestris L.) y Iligniuno-Cxionomy Cmeny
Ykpainu. Jlocniodceni 6uou xapaxmepusyomvbcs HASABHICIIO 080X OCHOBHUX [ 000AMKOBUX CECIMPUHCLKUX
NOKONiHb, PO3GUMOK AKUX nepekpusacmocs. Cgidci NOCENeHHs MOJNCTUO GUAGUMU 3 NOYAMKY
gecemayilinozo nepiody i 0o nouamxy cepnus. HucenvHicmv JHCYKIB € MAKCUMATLHOW HANPUKIHYI
K8imHsA — Ha noyamxy mpasHs. Lllecmuzyouacmuii Kopoio nadac nepesacy HUXCHII Yacmuni cmogoypa i3
2py6010 KOpo1o, 6epXieKOBULL — GePXHIll YACMUHI CIMOB0YPa 3 MOHKOI0 KOPOIO, A CYUHAKOGULL — CepeOHill
yacmuni cmosbypa 3 nepexionow Koporo. Pospaxoseano cepeono mpusanicmb pO3GUMKY OKpeMUx
NOKOJLiHb Wecmu3yb4acmoeo Kopoioa ma 8i10n08iOHI CyMu O00AMHUX MEMNEPATYP ...... ... ... ........1 6 HA38.
KarouoBi cioBa: xopoin mectmyouactuii (Ips sexdentatus), xopoin BepxiBkoBuii (I. acuminatus),
kopoin cymaskoBuil (Orthotomicus proximus), Oi0nOris, CE30HHWH PO3BHTOK, CE30HHA JHMHAMIKA
TOTTY JISILLIIL

Mewkosa B. I, Kouemosa A. H., 3unuenxo O. B., Ckpoinonuk IO. E. Buonozua nonugonsmunHnbix
6uooe kopoeooe (Coleoptera: Scolytinae) ¢ Cesepo-Bocmounoii Cmenu Yxpaunwvl. Vicciedosarwi
Ouonoauveckue OCOOEHHOCMU, Ce30HHOe pa3sumue U Ce30HHAS OUHAMUKA —NONYIAYull  mpex
nonusombmunnbix Kopoedos — Ips sexdentatus (Boerner, 1767), I.acuminatus (Gyllenhal, 1827) u
Orthotomicus proximus (Eichhoff, 1867) ¢ nacascoenusix cocnor obwviknosennon (Pinus sylvestris L.)
Cesepo-Bocmounoti Cmenu  Yipaunvi. Hccnedosannvie 6udbl Xapaxmepusylomcsi Haiuyuem O08yx
OCHOBHBIX U OONOTHUMELbHBIX CeCMPUHCKUX NOKOJEHULL, PA36Umiue KOMOPbIX NepeKpbiBaemcs.
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Cesedicue nocenenust MOACHO OOHAPYICUMb C HAYATA 6e2eMAYUOHHO20 Nepuood U 00 HAYALA A62yCmd.
Yucrennocmp J#CyKo8 58/18emcsi Haubo. el 8 KoHye anpensi — 8 Havane mas. Lllecmusybuamoiii kopoeo
npeonoyumaem 3aceiamb HUNCHION YACMb CMBONA C 2pYOOU KOPOU, GePUIUHHBIL — BEPXHIOI YACHb
CMBONA C MOHKOU KOPOU, 4 BALENCHBIL — CPEOHION H4aCMb CMBONLA ¢ Nepexo0Holl Kopou. Paccuumana
CpeoHsisi NPOOOANCUMETPHOCHb  PA3BUMUSL  OMOETbHBIX  NOKOJIeHUL mecmu3y6qamozo Kopoeda u
COOmeemcmayiowue CymMmbvl NOJOIHCUMELbHBIX MEMNepanyp .. . ..16 nass.

KuoueBble cJioBa: xopoen mectusyouarsiii (Ips sexdentatus) Kopoe;:[ BepH_II/IHHBII/I (I acumlnatus)
kopoen Banexksbiii (Orthotomicus proximus), Ouonorusi, CE30HHOE pa3BUTHE, CE30HHAS JIMHAMUMKA
TIO Ty JISILIVH.

Introduction. Recently, due to global climate change and anthropogenic pressure health
condition of pine forests has been worsened [11]. Such situation is especially dangerous for
Ukraine, where Scots pine (Pinus sylvestris L.) is the main forest forming species in the forest
stands of over 30 % forest fund area and grows mainly in the pure plantations [4].

Deterioration of pine forest health condition is favorable for bark beetles outbreaks,
because abundance of these insects depends on volume of available substrate for colonization,
particularly severely weakened, wind disturbed and felled trees, and wood debris [3, 7]. At rather
high population density bark beetles can colonize even healthy looking trees, although many
specimens of beetles become killed when attempting to do it [12].

Physiological injuriousness of bark beetles consists in their ability to colonize living trees,
to damage them during maturation feeding and to vector the pathogens, which accelerate tree
mortality. Technical injuriousness of bark beetles, which is connected with browsing the
galleries, is relatively small, because these galleries are under the bark. However penetration of
pathogenic fungi and other organisms with these insects causes the worsening of wood quality
and decrease of its value [9, 16].

General injuriousness of bark beetles increases, if they develop in several generations per
year, because the risk of tree and harvested wood colonization is rather high during the most part
of vegetation period [9, 12]. In the pine forests of the Left-bank Ukraine two multivoltine bark
beetle species — Ips sexdentatus (Boerner, 1767) and I. acuminatus (Gyllenhal, 1827) are the
most spread [10]. In the North-Eastern Steppe of the Ukraine one more multivoltine bark beetle
species, Orthotomicus proximus (Eichhoff, 1867) is abundant [1].

Effective measures to reduce economic losses in the foci of bark beetles are timely removal
of harvested wood or its debarking or treatment with insecticide, as well as detecting and felling
of colonized trees before emergence of new bark beetles generation [12].

Despite the large number of publications regarding multivoltine bark beetles, the research
cover mainly their species composition and biology of certain species [1, 8, 13, 14], whereas
little attention is paid to their seasonal development and seasonal population dynamics [10, 12,
15], especially in the Steppe zone of Ukraine [3, 7].

The aim of our research was to reveal the peculiarities of seasonal development and
seasonal population dynamics of multivoltine bark beetles in the North-Eastern Steppe of the
Ukraine.

Materials and Methods. Research was carried out in 2012-2016 in the stands of Scots
pine (Pinus sylvestris L.) in the State Enterprises (SE) "Kremenske Forest & Hunting Economy"
(FHE), SE "Stanychno-Luhanske FHE", SE "Novoaidarske FHE" and SE "Severodonetske FHE"
of Luhansk region, in 2012-2015 in pine stands of SE "Kupyanske Forest Enterprise (FE)" and
SE "lzyumske FE" of Kharkiv region.

Peculiarities of bark beetles seasonal development were studied both by direct registration
the beetles during leaving colonized trees, pairing and colonizing of new trees or their segments,
and by inspection colonized stems and branches by their dissection in different dates [5].

The date of the first appearance of certain stage of insect was considered as the earliest
date from all findings in the region.
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Population density of bark beetles in different survey dates was assessed by stem sections
inspection. The data were transferred to the standard segment with surface area 10 dn? (50 cm
long with 20 cm circumference).

Data on daily air temperature were taken from Luhansk meteorological station (48° 35" N,
39°20" E, Luhansk region) in 2012-2013 and Izyum meteorological station (49° 11" N,
37°18'E, Kharkiv region) in 2014-2016. It was shown [7], that summer temperature for these
meteorological stations had not significant differences.

The dates of phenological events for analysis were transformed to number of days from
January, 1. The sums of positive temperatures have been calculated for different periods of bark
beetle seasonal development [6] using MS Excel applications. Descriptive statistics was
calculated by standard approach [2] also using MS Excel.

Results. Ips sexdentatus actively colonizes wind broken and wind excavated trees, trap
trees, harvested wood, wood debris, much less — standing weakened trees in the region of our
investigation. This is consistent with publications [3, 14], according to which the pest colonizes
only those living trees, which were weakened by fire, root rot or have been already colonized in
the upper part of stem by more aggressive stem pests.

I. sexdentatus hibernates as adult in the galleries, which it browses near place of its
development, or in special (so called "minir™) galleries under the bark of trees, fresh pine stumps
or in the forest litter. After different sources [3, 7, 10], the first adults of I. sexdentatus can be
seen from the beginning of May up to the end of June. After our research, the first adults were
revealed simultaneously with Tomicus minor (Hartig, 1834) — in the 2nd — the 3rd decades of
April (Table 1).

1. Phenology of Ips sexdentatus (2012-2016)

. . Years
Phenological events and periods 2012 | 2013 | 2014 | 2015 | 2016 Mean
Dates of certain phenological events*
Adult emergence after hibernation 14.04 | 15.04 | 23.04 | 24.04 | 13.04 | 18.04
Tree colonization by the 1st generation 20.04 | 21.04 | 27.04 | 29.04 | 19.04 | 23.04
Tree colonization by sister brood 19.05 | 15.05 | 19.05 | 23.05 | 13.05 | 19.05

Tree colonization by the 2nd generation 8.07 | 11.07 | 17.07 | 15.07 | 7.07 | 12.07
Emergence of the 2nd generation 26.00 | 18.00 | 25.00 | 27.09 | 21.00 | 23.00
offspring

Period, days
30 25 22 24 26 25

Between tree colonization by the 1% and
sister broods

Between tree colonization by the 2nd and
the 1% generations

Between tree colonization by the 2nd
generation and emergence of its offspring

Notes: * calendar dates (dd.mm)

80 81 81 77 80 80

80 70 61 73 82 73

The beetles carried out maturation feeding near larvae galleries in the places of their
development, and moved to other trees at high population density, where browsed "minir"
galleries. The beetles colonized the trees or wood a few days after leaving the places of
hibernation or development. Little piles of sawdust is the main sign of tree colonization, it is
especially well visible on lying trees.

In connection with the presence of two main generations and sister broods, that were
overlapped, i I. sexdentatus adults can be found throughout almost the entire period from the end
of April to the end of August.
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I. sexdentatus is polygamic species. During tree colonization a male browses rather large
nuptial chamber (width about 2 cm), from which the females build maternal galleries. There is
usually one male and 3—-6 females in one family; therefore several maternal galleries are browsed
from nuptial chamber. One of them is directed to the crown and other to the soil.

Female browses several ventilation holes along the maternal gallery. As it browses the
gallery, it lays the eggs in the niches. The first larvae of I. sexdentatus were found 10 days after
tree colonizing, and the first pupae — in the middle of June. The dates of larvae development
vary even in the progeny of one female, because it browses the maternal gallery within a few
days, and temperature varies considerably within the stem.

larvae galleries are relatively short (2-5cm), directed at right angles to the maternal
gallery, winding, well separated from each other. They are located at the both sides of each
maternal gallery and ended with pupal chambers. All galleries are located in the bark and almost
do not touch the sapwood.

I. sexdentatus beetles, which have hibernated, after oviposition carried out maturation
feeding and then mated and oviposited, initiating the sister brood (see. Table 1). Galleries of
sister brood were found on May 13 in 2016, on May 19 in 2012 and 2014, and on May 23 in
2015, that is after 24-30 days (in average 25 days) after tree colonizing by the beetles after
hibernation.

Air temperature at the dates of adult emergence after hibernation was from 12.7°C in 2013
to 18.0°C in 2014, average 15.3 °C (Table. 2). During tree colonization by the 1% generation air
temperature amounted from 16.3°C in 2014 to 21.8 °C in 2012, average 18.8 °C. Tree
colonization by sister brood occurred at air temperature over 20 °C in almost all years of
research, and tree colonization by the 2" generation occurred in average at 22.3 °C, but in 2015
and 2016 the temperature was below 20 °C. Emergence of the 2nd generation offspring occurred
at 10 and 11 °C in 2014 and 2016, and was above 20 °C only in 2015. Therefore some part of
beetles did not leave the place of development and stayed there for hibernation.

2. Mean air temperature (°C) in different periods of Ips sexdentatus
development (2012-2016)

: Years
Phenological events 5012 T 2013 T 2014 T 2015 12016 Mean
Adult emergence after hibernation 135 12.7 18.0 | 143 | 178 | 153
Tree colonization by the 1st generation 21.8 18.6 16.3 | 18.1 | 194 | 188
Tree colonization by sister brood 23.7 22.5 27.1 | 239 |183 | 231

Tree colonization by the 2nd generation 25.4 234 | 258 | 178 | 19.0 | 223

Emergenceoftheangeneratlon 15.8 178 10.0 212 | 110 15.
offspring

Sum of positive temperatures at the time of starting the sister brood of I. sexdentatus
amounted 714.8-873.2 °C (inaverage 797.9 °C) (Table 3).

Adults of I. sexdentatus 2" generation, which are the offspring of hibernated beetles,
emerge from the end of June to the beginning of July. Very often young beetles leave the tree for
several individuals through each exit hole, which complicated the calculation the offspring of
one family.

The first generation of I. sexdentatus develops 80 days in average, in different years from
77 (2015) to 81 days (2013 and 2014) (see Table 1). For period of this generation development
1446.1-1745.4 °C (inaverage 1599.7 °C) of positive temperatures is accumulated (see Table 3).

The first tree colonization by the adults of the 2" generation of I. sexdentatus were found
on July, 7-17. Young beetles of the 2" generation were found in the 2"-3" decades of
September at 10-17.8 °C (in average 15.2 °C) (see Table 1, 3).
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3. Sum of positive temperatures (°C) on the date of certain phenological events in Ips
sexdentatus development or for different periods of its development (2012-2016)

. . Years
Phenological events and periods 2012 | 2013 | 2014 | 2015 | 2016 Mean
Sum of positive temperatures on the date of certain phenological event beginning, °C
Adult emergence after hibernation | 185.6 180.0 429.9 316.8 | 333.0 | 289.1
Tree colonization by the 1st 2780 | 269.6 | 4823 | 4042 | 4271 | 3722
generation
Tree colonization by sister brood 873.2 714.8 855.5 779.0 | 766.8 | 797.9
Tree colonization by the 2nd
generation 1957.6 | 2015.0 | 2085.5 | 1928.3 | 1873.2 | 1971.9
Emergence of the 2nd generation | 3511 5 [ 3969 5 | 3548.9 | 3526.6 | 3494.3 | 35161
offspring
Sum of positive temperatures for periods, °C
Between tree colonization by the
1% and sister broods 595.2 | 445.2 373.2 3748 | 339.7 | 425.6
Between tree colonization by the
2nd and the 1% generations 1679.6 | 1745.4 | 1603.2 | 1524.1 | 1446.1 | 1599.7
Between tree colonization by the
2nd generationand emergence of | 1683.7 | 1354.3 | 1463.4 | 1598.3 | 1621.1 | 1544.2
its offspring

Development of the 2" generation of I. sexdentatus lasted from 61 to 82 days (in average
73 days), and the sum of positive temperatures for this period amounted 1354.3-1683.7 °C (in
average 1544.2 °C).

Since the last-generation beetles of I. sexdentatus develop at the end of vegetation period,
in a few days until a stable temperature decrease through 10 °C, these beetles do not leave the
places of development, and hibernated there.

Ips acuminatus. Unlike 1. sexdentatus, another bark beetle, 1. acuminatus colonizes mainly
the parts of stems with thin bark and branches [8]. Therefore its seasonal development is
impossible to study in living trees. In the felled trees I. acuminatus colonized mainly the parts of
stem with diameter up to 10 cm, which quickly dried up. Therefore it was not impossible to
determine exact dates of certain stages development, and we can demonstrate only the scheme of
seasonal dynamics of I. acuminatus seasonal development on the base of five-year data on trap
trees colonization (Fig. 1).

Seasonal development of I. acuminatus in the region of our research was very similar to
that of I. sexdentatus. The beetles carried out maturation feeding in the galleries after hibernation
and then leave the trees and colonize another available trees or harvested wood from the 2"
decade of April up to the end of May with the maximum in the 3" decade of April.

The beetles, which hibernated, repeatedly oviposit from the end of April up to the end of
June with the maximum in the 2"-3" decades of May. Sister brood of I. acuminatus develops
from these eggs (maximum of freshly colonized trees in the middle of July).

The beetles of the 2" generation emerge from the end of August up to the middle of
October. It is possible to reveal the beetles of I. acuminatus (see Fig. 1) as well as its larvae
under the bark during the whole vegetation period.

Orthotomicus proximus colonizes mainly felled trees and wood debris, and more seldom
the tops of drying trees. However sometimes we found its galleries in the living pines.
O. proximus colonizes the trees mainly in the middle part of stem with transitional bark, but
sometimes its galleries can be detected in the parts of stem with thin and rough bark.
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standard stem section

Population density, beetles /

VI VII VIII IX X
Months - Decades

— Adult emergence after hibernation
====Tree colonization by the Ist generation
= + =Tree colonization by sister brood
—=—"Tree colonization by the 2nd generation
-«{3-+ Emergence of the 2nd generation offspring
Fig. 1. Seasonal dynamics of harvested pine trees colonizing by I. acuminatus
(standard stem section surface = 10 dm?, average for 2012—2016)

Beetles of O. proximus (Fig. 2) hibernate under the bark of pine stumps or in undamaged
parts of trees, where they developed. Entrance holes of "winter™ galleries are confined to sracks
and bark damage, the galleries have irregular shape and somewhat buried in sapwood. Certain
part of population hibernates in the forest litter.

O. proximus beetles carried out maturation feeding under the bark in the galleries, which
are browsed in different directions. The place of O. proximus development includes triangle
nuptial chamber, 2-3 undulate maternal galleries length less than 10 cm and width 2 mm
(Fig. 3). Long larval galleries are located dense and often interwined. Mother galleries can touch
the sapwood, and larval galleries are under the bark. Pupal chamber are located in the outer layer
of sapwood.

Fig. 2. Orthotomicus proximus colonizes tree ig. 3. "Leries of Orthotomicus proximus
(May, 2014) (June, 2014)
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Seasonal development of O. proximus in the region of our research was similar to those of
I. sexdentatus and I. acuminatus. Maximal abundance of O. proximus beetles colonizing trap
trees was assessed in the 2" half of April up to the 1% half of May (Fig. 4).
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Fig. 4. Seasonal dynamics of Orthotomicus proximus population density
(standard stem section surface = 10 dm?, average for 2012—2016)

In May the beetles of O. proximus, which hibernated, oviposited for the second time,
starting a sister generation. The offspring of beetles, which have oviposited soon after
hibernation, completed their development at the end of June. These beetles colonized trees in
July, and their progeny emerged in September. As the development of generations overlapped,
new nuptial chambers could be found from the beginning of May to the beginning of August,
and the larvae were found from the second half of May to the end of August.

Like other analyzed bark beetles, O. proximus vectors the blue-stain fungi during
maturation feeding and tree colonizing, which enhances its injuriousness.

Conclusions. 1. Ips sexdentatus (Boerner, 1767), |. acuminatus (Gyllenhal, 1827) and
Orthotomicus proximus (Eichhoff, 1867) in the stands of Scots pine (Pinus sylvestris L.) in the
North-Eastern Steppe of the Ukraine have two basic generations and additional sister brood,
which development overlaps. Fresh nuptial chambers can be found from the beginning of
vegetation and by the beginning of August. Number of adults is the highest at the end of April —
on the beginning of May.

2. Ips sexdentatus prefers to colonize the lowest part of stem with rough bark,
I. acuminatus colonizes the upper part of stem with thin bark, and Orthotomicus proximus
colonizes the middle part of stem with transitional bark.

3. Ips sexdentatus leaves the place of hibernation in the second—third decades of April. The
beetles lay eggs twice at intervals of 24-30 days. Beetles of the first generation develop 80 days
in average (1446.1-1745.4 °C of positive temperatures), of the second generation develop 61-82
days (1354.3-1683.7 °C).
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