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Research of pine sawyer beetle (Monochamus galloprovincialis) seasonal development, the dates of revealing and
duration of different stages and respective temperature conditions was carried out in 2012-2016 in the stands of Scots
pine (Pinus sylvestris L.) of the six forest and forest & hunting enterprises in Kharkiv and Luhansk regions. Early,
medium and late dates for renewal of larvae feeding after wintering, their pupation, adult emergency, egg-laying, larvae
hatching were determined. Significant correlation was proved between the dates of larval feeding renewal and their
pupation, as well as between the dates of stable transition of air temperature over 10°C and adult swarming beginning.
All these phenomena have a tendency to shift to an earlier date. The necessity of pine wood debarking after summer
felling and its exportation from forest no later than 10 days after felling is substantiated, taking into account the
minimum duration of pine sawyer beetle eggs development.

Key words: pine sawyer beetle (Monochamus galloprovincialis), seasonal development, sum of positive
temperatures, dates of stable transition of air temperature over 5, 10 and 15°C.

Introduction. Pine sawyer beetle — Monochamus galloprovincialis (Olivier, 1795) ssp. pistor
(Germar, 1818) — is the typical representative of longhorn beetles (Coleoptera: Cerambycidae) in
pine forests of Ukraine (Martynov & Pisarenko 2003, Bartenev 2009, Arystova & Skrylnik 2012).

This pest colonizes mainly windfall and felled trees, which have enough nutritious and moist
phloem with relatively low resistance to insect colonizing compared to living trees. However, at
high population density, pine sawyer beetle colonizes living trees, which are weakened to varying
degrees, and forms the foci of mass propagation in the stands with impaired stability (Valenta
2012).

Physiological damage of pine sawyer beetle is manifested in the ability to colonize living trees,
to weaken them during maturation feeding and to transfer the pathogens (Skrylnik 2013).
Particularly, pine sawyer beetle is a vector of pine wood nematode Bursaphelenchus xylophilus
(Steiner & Buhrer, 1934) Nickle, 1970, which damages parenchyma cells of resin channels in pine
and causes tree wilting and mortality (Braasch 2001). Because of it some countries have restricted
timber import from the countries, where Monochamus sp. spread (Selikhovkin & Davydova 2003).

Pine sawyer beetle is also a technical pest because its larvae gnaw wide (over 7 mm) and deep
(over 10 cm) galleries in the wood, which brings to its quality and value losses (Skrylnik 2013).

To prevent the living trees colonizing by pine sawyer beetle is possible only by creating
conditions for stand stability increase (Bark and Wood Boring Insects 2004). To prevent the
colonizing of windfall and felled trees by this pest is possible by in time exportation them from a
forest, debarking or treatment with insecticides in optimal dates (Meshkova et al. 2011, Kochetova
2015). Such dates depend on peculiarities of pine sawyer beetle seasonal development, particularly
on the period when it can colonize windfall and felled trees in the certain region.

Research of phenological peculiarities of pine stem pests in the Left-bank Forest-Steppe of
Ukraine gave the possibility to include pine sawyer beetle into summer phenological group
(Skrylnik 2011), moreover, adult swarming begins not earlier the date of stable transition of air
temperature over 15°C and is rather long.

It was evaluated by long-term data that the dates of stable transition of air temperature over
15°C are registered on May, 9 (from April, 20 to May, 23 in different years) in the Steppe zone
(meteorological station Luhansk), on May, 13 (from April, 23 to June, 3) in the Left-bank Forest-
Steppe (meteorological station Kharkiv), and on May, 17 (from May, 7 to June, 6) in Novgorod-
Siverske Polissya (meteorological station “Druzhba” (Meshkova et al. 2015). So the threat of
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windfall and felled trees colonizing by pine sawyer beetle exists in more early dates in Steppe zone
than in Forest-Steppe zone.

The aim of the research was to estimate the dates of pine sawyer beetle development, duration
of different stages and respective temperature conditions in the North-Eastern Steppe of 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 “Izyumske FE” of Kharkiv region.

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

The date of the first appearance of a certain stage was considered as the earliest date from all
findings in the region.

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 (Meshkova et al. 2015) that summer temperature for
these meteorological stations has no significant differences.

The dates of phenological events for analysis were transformed to a number of days from
January, 1.

The dates of stable temperature transition over 5, 10 1 15°C, as well as the sums of positive
temperatures, have been calculated for different periods of pine sawyer beetle seasonal development
using MS Excel applications (Meshkova 2009). Descriptive statistics and variation index (V, %)
were calculated by standard approach (Atramentova and Utevskaya 2008) using MS Excel.

Results. Given the fact that pine sawyer beetle seasonal development like all poikilothermic
organisms depends on temperature (Meshkova 2009), we have analyzed the key points of this
process for the years of our research (2012-2016) and compared with respective mean dates and
variation coefficients for 2000-2014 in this region (Meshkova et al. 2015).

Analysis of Table 1 shows that date of stable transition of air temperature over 5°C was the
earliest (March, 14) in 2014, and the latest (March, 27) in 2012 and 2013. Mean date of this
phenological event evaluated for last five years (March, 22) was 2 days earlier, than evaluated for
2000-2014, and variation coefficients for 2012—2016 was less than that for previous 15 years (7.1
and 8.8 %, respectively). Considering that the date of stable transition of air temperature over 5°C is
close to the date of soil thawing and beginning of pine sap flowing (Yelagin 1976), it can be
concluded that larvae development under the bark also begins earlier.

Table 1
Dates of stable transition of air temperature over 5, 10 and 15°C in the years of research
(2012-2013 — meteorological station Luhansk, 2014-2016 — meteorological station Izyum)
Date of stable transition Year* For 2012-2016 F%fgggf
of air temperature OVer: 55155613 T 2014 | 2015 | 2016 | mean | V.% | mean | V.%
500 27.03/ | 27.03/ | 14.03/ | 24.03/ | 18.03/ | 22.03/ 71 24.03/ 8.8
86 86 73 83 77 81 ' 83 '
o 8.04/ | 11.04/ | 17.04/ | 20.04/ 8.04/ 13.04/ 15.04 /
10°C 98 | 101 | 107 | 110 98 103 | °° | 105 | °°
15°C 23.04/ | 28.04/ | 3.05/ | 12.05/ | 8.05/ 3.05/ 6.2 9.05/ 6.8
113 118 123 132 128 123 ' 129 )

*Numerator — calendar date (dd.mm); denominator — days from 1.01.
**According to Meshkova et al. (2015).

Our research shows that in 2012-2016, pine sawyer beetle larvae resumed feeding under the
bark after hibernation on April, 3-8, in average on April, 6 (Table 2). Air temperature at these dates
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was 5.8-12.6°C (Table. 3), that is exceeded the threshold of pine sap flowing beginning (Yelagin
1976).

All years the larvae of pine sawyer beetle began feeding under the bark after hibernation later
than air temperature exceeded 5°C, but not later than it exceeded 10°C (see. Table 1 and 2).

Table 2
Pine sawyer beetle phenology (2012-2016)
Phenological events and periods Year Mean V, %
2012 | 2013 | 2014 | 2015 | 2016 '
Dates of certain phenological events*
Larvae feeding beginning under the bark after
hibernation 3.04 | 5.04 | 7.04 7.04 8.04 6.04 2.1
Pupation 18.05 | 22.05 | 25.05 | 30.05 | 28.05 25.05 3.3
Adult emergence 5.06 | 10.06 | 13.06 | 17.06 | 9.06 11.06 2.8
Mass swarming 20.06 | 18.06 | 23.06 | 25.06 | 21.06 21.06 1.6
Oviposition 15.06 | 21.06 | 22.06 | 25.06 | 17.06 20.06 2.3
Larvae hatching 1.07 | 4.07 | 3.07 7.07 5.07 4.07 1.2
Period, days

Pupae development 18 19 19 18 12 17.2 17.1
From adult emergence to oviposition 10 11 9 8 8 9.2 14.2
Egg development 16 13 11 12 18 14.0 20.8

*Calendar dates (dd.mm);

However, a reliable correlation between larvae feeding beginning and the dates of stable
transition of air temperature over 5°C was not proved. This fact, as well as wide variation in dates
of pupation (V = 3.3 %, see Table 2) and temperature at these dates (V = 6.5 %, see Table 3), are
connected with the variation of larval instar during hibernation, xylem temperature and humidity
(Skrylnik 2008).

Pine sawyer beetle larvae completed their development and pupated at the end of the 2" — in
the 3" decade of May (see Table 2). Air temperature at the dates of pupation was from 15.8°C in
2015 to 26.1°C in 2014, average 20.6°C (Table. 3).

Table 3
Mean air temperature (°C) in different periods of pine sawyer beetle development (2012-2016)
. Year
0,
Phenological events 2012 2013 2014 2015 2016 Mean V, %
Larvae feedln_g beginning under the bark 79 126 79 58 79 8.1 320
after hibernation
Pupation 16.4 23.7 26.1 15.8 21.1 20.6 21.8
Adult emergence 23.2 21.2 15.9 22.9 24.6 21.6 15.7
Mass swarming 24.7 21.4 15.6 22.5 21.4 21.1 15.9
Oviposition 23.7 23.3 18.9 22.5 22.9 22.3 8.7
Larvae hatching 20.2 25.3 19.6 24.5 23.1 22.5 11.3

Sum of positive temperatures at the date of the first pupae appearance was from 849.5°C in
2012 to 1,002.7°C in 2014 (mean — 911.5°C) (see Table 4).

The dates of pupation correlated significantly (r=0.92; P <0.05) with the dates of the
beginning of larvae feeding after hibernation.

Length of period between the date of stable air temperature transition over 10°C and the date of
first pupae appearance (see Table 1, 2) was from 38 to 51 days in different years, and between the
date of stable air temperature transition over 15°C and the date of first pupae appearance it was
from 18 to 25 days. According to this, the dates of pine sawyer beetle development and optimal
dates of felled wood exportation can be specified.

Sum of positive temperatures for pupae development (from pupation to adult emergence)
varied less than a sum of positive temperatures for egg development or for the period from adult
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emergence to oviposition (V =9.8%). The mean meaning of it was 380.7°C, the minimum
(336.2°C) in 2012 and the maximum (413.7 °C) in 2014 (Table 4).
Table 4
Sum of positive temperatures (°C) on the date of certain phenological events beginning in pine sawyer beetle
development or for different periods of its development (2012-2016)

. . Year
Phenological events and periods 2012 | 2013 | 2014 | 2015 | 2016 Mean V, %
Sum of positive temperatures on the date of certain phenological event beginning, °C
Larvae feeding beginning under the 758 | 961 | 249.2 | 1666 | 1834 | 1542 | 453
bark after hibernation
Pupation 849.5 873.2 1,002.7 | 926.7 905.4 9115 6.5
Adult emergence 1,185.7 | 1,2749 | 1,416.4 | 1,334.0 | 1,250.1 | 1,292.2 6.8
Mass swarming 15524 | 14778 | 1,591.4 | 1,507.1 | 1,414.6 | 1,508.7 4.5
Oviposition 1,4379 | 15414 | 1575.8 | 1,507.1 | 1,456.2 | 1,503.7 3.8
Larvae hatching 1,757.5 | 1,8458 | 1,777.9 | 1,769.4 | 1,720.7 | 1,774.3 2.6
Sum of positive temperatures for periods, °C

Pupae development 336.2 401.7 413.7 407.3 344.7 380.7 9.8
From adult emergence to oviposition 252.2 266.5 159.4 173.1 206.1 2115 22.3
Egg development 319.6 304.4 202.1 262.3 264.5 270.6 16.9

Pupae developed 12-19 days in different years (see Table 2). The sum of positive temperatures
for pupae development was from 336.2°C in 2012 to 413.7°C in 2014, on the average 380.7°C (see
Table 4).

By research in the Left-bank Forest-Steppe, the swarming of pine sawyer beetle was registered
in May — June (Skrylnik 2011), in Central Europe in May (Bark and Wood Boring Insects 2004), in
Baltic countries in July (Valenta 2012).

In the Steppe zone, by our research, beginning of pine sawyer beetle swarming have little
variation over the years (V = 2.8 %). It begins at the end of the 1% — beginning of the 2™ decade of
June (see Table 2). The air temperature was 15.9-24.6°C (average 21.63°C) in these dates (see
Table 3). Correlation between the date of pupation and the date of adult emergence was high
(r = 0.8) but not significant, which is connected with the short period of research.

The dates of flight beginning correlate significantly (r = 0.92; P < 0.05) with the dates of stable
transition of air temperature over 10°C. This relation can be used for prediction the dates of felled
wood colonization by this pest.

The mass flight of pine sawyer beetle began in different years in very close dates — from June,
18 to June, 25, in average on June, 21 (V = 1.6 %). Flight of this insect was registered up to the end
of vegetation period, which is consistent with publications from other regions (Bark and Wood
Boring Insects 2004, Skrylnik 2011, Valenta 2012).

After leaving the place of development pine sawyer beetle has maturation feeding on the tops
of temporally weakened but viable trees, on thin branches in the crown, and thereby causes
significant physiological damage (Fig. 1).

Only 8-11 days after emergence (see Table 2), after accumulation of 159.4-266.5°C positive
temperatures (see Table 4), pine sawyer beetles mate and oviposit 1-3 eggs per one notch (browsed
holes) on the stems of living, windfall and felled trees. Oviposition began the earliest on June 15,
2012, and the latest date was June 25, 2015 (in average, June 20). Mean air temperature during
oviposition period was 18.9-23.7°C (V = 8.7 %) (see Table 3).

The first pine sawyer beetle larvae hatch in the 1% decade of July (July, 1-7, in average, on
July, 4) (see Table 2). Eggs developed from 11 to 18 days in different years (in average 14 days).
Sum of positive temperatures for their development was 202.1-319.6°C (in average 270.6°C) (see
Table 4).

Obtained data show, that one must protect felled wood before larvae hatch and begin feeding.
Taking into account the minimal duration of egg development, colonized felled wood must be
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removed from the forest, debarked or treated not late than in 10 days (Meshkova et al. 2011,
Kochetova 2015).

Fig. 1 — Maturation feeding of pine sawyer beetle on pine branch

After hatching, the larvae of pine sawyer beetle browsed the galleries under the bark, and
closer to the winter moved to the xylem and hibernated there. Characteristic sawdust could be seen
in the places of larvae relocation to the xylem (Fig. 2).

-

etle larvae development

Fig. 2 - Chaaceistic sawdust in the plas of pine sawyer be

At that time the galleries are rather wide and deep and can contain some pathogens, particularly
blue-stain fungi (Fig. 3), which sharply decreases timber quality (Skrylnik 2013).

Studies from different regions show that pine sawyer beetle development can last one or more
years (Bark and Wood Boring Insects 2004, Valenta 2012). It was shown (Skrylnik 2008) that in
the Left-bank Forest-Steppe pine sawyer beetle develops for one year but in the drying logs larvae
development slows down and resumes and completes the next year in conditions of increasing
humidity. In such case the calendar dates of beetle swarming, oviposition, larvae hatch and pupation
little depended on whether one-year or two-year generation of it developed.

Obtained data show, that immediate debarking of pine wood (which promotes its quick
drying), and immediate exportation even pine sawyer beetle colonized wood and ensuring its drying
can minimize the harmful effects of pine sawyer beetle activities.

227



JICIBHUIITBO I ATPOJICOMEJIIOPAITIA
Xapkis: YkpHAJIT A, 2017. — Bun. 130

Fig. 3 — Pine sawyer beetle larvae and blue-stain in the xylem of colonized pine

Conclusions

1. Pine sawyer beetle larvae resume feeding under the bark after hibernation on April, 3-8,
pupate in the end of the 2" beginning of the 3™ decade of May. Young beetles emerge in the 1°-2"
decades of June and browse the bark of young branches in pine crowns. For a period of adult
emergence to oviposition 173.1-266.5°C and on egg development 270.6°C of positive temperatures
accumulate. The larvae hatch in the first half of July, feed under the bark and move to the xylem at
the end of vegetation period.

2. The dates of pupation of pine sawyer beetle larvae reliably correlate with the date of feeding
beginning after hibernation, and the dates of flight beginning reliably correlate with the date of
stable transition of temperature over 10°C. All these phenomena tend to shift at an earlier date.

3. Immediate debarking of pine wood after summer felling and exportation it from forest not
later than 10 days after felling (taking into account the minimum duration of egg development) can
minimize the harmful effects of pine sawyer beetle activities.
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CE30HHUI PO3BUTOK BYCAYA YOPHOI'O COCHOBOI'O VY IIIBHIYHO-CXIJJHOMY CTEIY
YKPATHU

1. Vxpaincoxuil nayxo60-00CrioHull incmumym aico802o eocnooapcmaea i azpoaicomeniopayii im. I. M. Bucoybkozo

2. IV Xapxiecoka obnacha gimocanimapna rabopamopis

Jlocimi/pKeHHsST Ce30HHOTO PO3BHUTKY Bycada dbopHoro cocHoBoro (Monochamus galloprovincialis), tepminis
BUSIBJICHHSI, TPUBAJIOCTI OKPEMHX CTaliil 1 BIANOBIJHHX TeMIlEpaTypHHX YMOB mpoBeneHo y 2012-2016 pp. y
HacaJDKeHHSIX cocHM 3Bm4aitHoi (Pinus sylvestris L.) mectu nicorocnogapchbKux i JICOMHUCIMBCBKHX MiAMPUEMCTB
XapkiBcbkoi Ta JIyrancekoi obnacteil. BusHaueHo paHHI, cepeiHi Ta IMi3HI TepMiHM BiTHOBJIEHHS >KUBJICHHS JIMYMHOK
Iicis 3UMIBJI, TXHBOTO JISUIBKYBAaHHS, BHJIBOTY XKYKIB, BiJKIaJaHHS HHMMH S€Ib, BWIYIUICHHS JIMUMHOK. JloBeneHo
HasIBHICTh JOCTOBIPHOI KOpemsLii MK JaTaMH BiJIHOBJEHHS >XHMBJCHHS JHMYMHOK IIiJi KOPOIO Ta JaTaMh IXHBOTO
JSUTBKYBaHHS, a TAKOXK MIXK JIaTaMH CTIMKOro Mepexoiy Temneparypu mnoBitps depe3 10°C Ta paTtamMu 1moyatky JbOTY
iMaro. Yci 3a3HadeHi SBUIIA MalTh TEHACHIIIO N0 3CyBYy Ha Oinbml paHHi TepmiHu. OOIpyHTOBaHO HEOOXiIHICThH
KOPYBaHHSI 3aroTOBJICHOI BJITKY JEPEBHMHH COCHHM Ta BUBE3€HHs ii He Ti3Hime Hixk depe3 10 aHiB michs pyOkw,
3BaYKar04X Ha MiHIMAJIbHY TPHUBAIICTh PO3BUTKY SIEI ITLOTO IIKiTHHUKA.

KnwoduoBi cnoBa: Bycau wopnuit cocuoBuii (Monochamus galloprovincialis), ce3onumii po3BuToK, cyma
JOJTATHUAX TEMIIepaTyp, IaTH CTiIIKOro mepexoay TeMnepaTypu nositps gepes 5, 101 15°C.
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CE30HHOE PA3BUTHE YCAUYA YEPHOI'O COCHOBOI'O B CEBEPO-BOCTOUYHOM CTEIM YKPAUHBI

1. Vkpaunckuii  nayuno-ucciedogamenvckuii  UHCIMUMYm JIeCHO20 XO3AUCMEA U  A2PONECOMENUOPAYUL  UM.
I H. Bvicoyxozco

2. I'V Xapvrosckasa obracmuas pumocanumapuas iabopamopus

HccemoBaHnsi CE30HHOTO pas3BHTHs ycada uepHoro cocHoBoro (Monochamus galloprovincialis), cpokos
0oOHapyXKEHHs1, IPOTOIDKUTEILHOCTH OTACIBHBIX CTaANIl M COOTBETCTBYIOLIMX TEMIICPaTypHBIX YCIOBHH MIPOBEACHE B
2012-2016 rr. B HacaXIeHHUAX COCHBI OObIKHOBeHHOM (Pinus sylvestris L.) 1mecTw J1ecOXO3AHCTBEHHBIX U
JIECOOXOTHUYBMX NpeAnpusiTHid XapbkoBckoil u Jlyranckod oOmacteid. OmnpeneneHbl paHHHE, CPEIHHE U IO3IHHE
CPOKHM BO300HOBJICHHSI IHTAHUS JIMYMHOK IIOCJIE 3MMOBKH, WX OKYKJIMBAHWS, BBUIETa JKYKOB, OTKIAIKH MMH SIUII,
OTPOXKICHUS JHYMHOK. J[OKa3aHO HaiM4yMe JOCTOBEPHOW KOPPEISLMHM MEXIy JaTaMH BO30OHOBJICHUS MUTaHHS
JMYMHOK TOJI KOpOW M JaTaMu WX OKYKJIMBAaHUS, a TaKkKe MEXIY JaTaMH YCTOHYMBOIO Nepexoia TeMIepaTypbl
Bo3zyxa 4yepe3 10°C m maramu Hauyana n€ra uMaro. Bee mepeunciieHHbIE SIBICHUS UMEIOT TEHICHIMIO CMELIAaThCsS Ha
6onee panaue cpokr. OOOCHOBaHA HEOOXOANMOCTh OKOPKH 3arOTOBJICHHOW JIETOM JIPEBECHHBI COCHBI U BHIBO3a €€ He
noxxe 4eM yepe3 10 mHeil mocne pyOKH, MPUHAMAS BO BHUMaHHE MUHUMAIBHYIO IPOIOJDKUTEIILHOCTD PA3BUTHS SIHI
9TOTO BPEIHTEIIS.

KnioueBbie cnmoBa: ycau uepHsid cocroBbiii (Monochamus galloprovincialis), ce3onHoe pasButue, cymma
[I0JIOXKUTEIIBHBIX TEMIIEPATYP, JaThl YCTOHYMBOIO NIEPEX01a TEMIEpATyphl Bozayxa uepes 5, 10 u 15°C.

E-mail: Valentynameshkova@gmail.com; yuriy.skrylnik@gmail.com; zinch.ov@gmail.com;
anna_kochetova@ukr.net

Ooepaicano peoronecicio: 05.06.2017
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