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Mewrkosa, B. JI. Ce3oHHuii po3BUTOK KamtaHoBoro wminepa, Cameraria ohridella Deschka et Dimi¢, 1986 (Lepidoptera:
Gracillariidae) y 3esmennx nacapxennsix Xapkosa [Tekcr] / B. JI. Memxkosa, I. M. Miky.ina // Bicti Xapk. enTomo.. T-Ba. — 2013. —
T. XXI, Bum. 2. — C. 29-37.

KamranoBuit miHep B XapKkoBi pO3BHBAETBCS y TPHOX MOKOMIHHAX. [I0YaTOK BHIIBOTY METENHUKIB i3 MiCIh 3UMIBI 30ira€tecs 3
(eHOIHUKATOPaMH — IIOBHHM BKDHTTSAM JIHCTAM JepeB TipKOKAITaHa Ta II0YaTKOM IX IBITIHHA (KiHeIb KBITHSA-IIOYAaTOK TPABHSA).
TpuBamicTs PO3BUTKY T'YCEHHIIb 3aI©KHO BiJ Temieparypu cTtaHoBuTh 13-43 nobu 3a cymu edexruBHux Temmeparyp 179.9-253.1 °C,
TPUBATICTh PO3BUTKY Jisuiedok — 11-15.3 1obu 3a cymu edexruBnux temmeparyp 105.3-299.4 °C. Cepennsi TpUBATICTh MEPIOAIB MK
nosiBoto MerenukiB [ Ta Il mokonine craHoBuiaa 51 no0y, II ta 11T — 40.6 no6u, mix mosisoto Min I ta II mokoniae — 45 1i6, I ta 11—
42.2 no6u, mix nosiBoto Jsutedok I Ta Il mokomine 39.6 106w, 11 i Il — 60 ni6. Cepennst cyma I0oaTHUX TEMIIEPATyp I PO3BUTKY OAHi€l
reHepaiiii cranoButh 979 °C, cyma edekTuBHHX Temmepatyp mpu moposi 10 °C — 516 °C. 5 tabm., 7 Ha3B.
Kurouosi cioBa: Lepidoptera, Gracillariidae, Cameraria ohridella, kamranoBuii MiHep, ce30HHHH PO3BHTOK, CyMa TEMIIEpaTyp, 3eleHi
Haca/pKeHHs1, YKpaina, XapKis.

Mewrosa, B. /. Ce3oHHoe pa3BuTHe KamTaHoBoro muHépa, Cameraria ohridella Deschka et Dimi¢, 1986 (Lepidoptera:
Gracillariidae) B 3enéubix HacaxneHusix XapokoBa [Texcr] / B. JI. Memkosa, M. M. Mukyauna // U3s. XapbK. 3HTOMOJI. 0-Ba. —
2013. — T. XXI, Bbin. 2. — C. 29-37.

KamranoBblii MuHEp B XapbkoBe pa3BHBaeTcsi B TpEX NOKojieHWsAX. Hawano Bbuiera 06abodek M3 MECT 3MMOBKH COBIAJAaeT ¢
(eHOMHANKATOPAaMU — TIOJNHBIM OOJICTBEHHEM JIEPEBHEB KalllTaHA KOHCKOrO M HA4YalOM HMX IIBETEHMS (KOHEI| ampes—Hadaao Mas).
TIpoaomKUTENPHOCTh PA3BUTHS IYCEHHUII B 3aBUCHMOCTH OT TeMIepatyphbl coctaBisieT 13—43 cyTok npu cymme 3(QEeKTUBHBIX TEMIEPaTyp
179.9-253.1 °C, npomomKUTEIbHOCT Pa3BUTHsI KyKomoKk — 11-15.3 cytok mpu cymme 3 dextuBHbIX Temmepatyp 105.3-299.4 °C. Cpenmsist
TIPOJIOJDKUTENBHOCTE TIEPHOIOB MEXy mHosBieHnem Oabouek I m II moxonenmii cocraBmma 51 cyrkm, II m III— 40.6 cytok, mexmy
nosiBnedreM MuH | u 1 mokonenuit — 45 cytok, I u Il — 42.2 cytok, Mexay mosiBienueM kykonok | u Il moxomenuit — 39.6 cyrox, I u
III — 60 cyrok. CpexHsisi cyMMa MOJOXKUTEIBHBIX TEMIIEPATYp ISl Pa3BUTHS OMHOW reHepaiu coctaBisier 979 °C, cymma 3¢ deKTHBHBIX
Temmepatyp mpu nopore 10 °C — 516 °C. 5 Tabn., 7 Ha3B.
KuoueBbie cioBa: Lepidoptera, Gracillariidae, Cameraria ohridella, xamrranoBbiii MUHED, CE30HHOE pa3BHTHE, CyMMa TEMIIEpATYp,
3enEHbIe HaCaKICHUs, YKpanHa, XapbKOB.

Meshkova, V. L. Seasonal development of horse-chestnut leafminer, Cameraria ohridella Deschka et Dimi¢, 1986 (Lepidoptera:
Gracillariidae) in the green stands of Kharkov [Text] /V. L. Meshkova, I. M. Mikulina // The Kharkov Entomol. Soc. Gaz. —
2013. — Vol. XXI, iss. 2. — P. 29-37.

Horse-chestnut leafminer develops in Kharkov in 3 generations. Moths after winter begin to swarm simultaneously with phenological
indicators — total frondescence of Aesculus hippocastanum L. and beginning of its blooming (end of April-beginning of May). Duration of
larvae development in dependence on temperature is 13-43 days at sum of effective temperatures over threshold 10 °C — 179.9-253.1 °C,
duration of pupae development is 11-15.3 days at sum of effective temperatures over threshold 10 °C — 105.3-299.4 °C. Mean duration of
intervals between appearance of moths of the 1% and 2" generations is 51 days, 2" and 3 ones — 40.6 days, between appearance of mines of
the 1% and 2" generations — 45 days, 2" and 3" ones — 42.2 days, between appearance of pupae of the 1% and 2" generations — 39.6 days,
2" and 3" ones — 60 days. Mean sum of positive temperatures for development of one generation is 979 °C, sum of effective temperatures
over threshold 10 °C — 516 °C. 5 tabs, 7 refs.
Keywords: Lepidoptera, Gracillariidae, Cameraria ohridella, horse-chestnut leafminer, seasonal development, sum of temperatures, green
stands, Ukraine, Kharkov.

Introduction. Horse-chestnut leafminer, Cameraria ohridella Deschka et Dimi¢, 1986
(Lepidoptera: Gracillariidae) has recently spread in Europe (Sefrova, 2001; Csoka, 2003; Antyukhova, 2008),
where it develops in 2-5 generations per year and damages horse-chestnut (Aesculus hippocastanum L.). Much
attention was paid to investigation of this pest, but some data on the dates of development of different
generations, their number and temperature conditions are contradictory. Horse-chestnut leafminer was found in
Kharkov region for the first time in 2007 (Meshkova, Mikulina, 2008, 2009, 2012), and phenological
investigations are carried out for the first time. Results of such investigations are important for determination the
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dates of effective protection of stands, optimizing the assessment (Meshkova, Mikulina, 2008) and prediction of
population dynamics of this pest (Meshkova, Mikulina, 2012).

The aim of this study was investigation the peculiarities of seasonal development of horse-
chestnut leafminer in chestnut trees in the green stands of Kharkov and comparison the results with data from
other regions.

Materials and methods. Investigations were carried out during vegetation periods of
2008-2012 in 100 survey plots in different parks and street plantings of horse chestnut in Kharkov (dendrological
park of Kharkiv National Agrarian University named after V. V. Dokuchajev, park named after T. G. Shevchenko,
park named after M. Gor'ky, Botanical garden of Kharkov National University named after V. N. Karazin etc.).

Temperature data from meteorological station Kharkov were used. Phenological events of chestnut were
registered twice a week using method of N. P. Sakharov (Sakharov, 1961).

The dates of swarming of horse-chestnut leafminer were determined by inspecting the trees in survey
plots. In each of them 100 leaves were inspected randomly every week in different sides of crown. The presence
and number of mines, larvae, pupae and exuviae were registered on each leaf.

Results of our investigations on seasonal development of horse-chestnut leafminer were compared to data
on temperature conditions in the dates of registration of respective stages of horse-chestnut leafminer. Mean
temperature during development of certain stages of horse-chestnut leafminer, sums of positive, active and
effective (at threshold 10 °C) temperatures, as well as the dates of the stable transition of air temperature over
10 °C were calculated by method of V. Meshkova (Meshkova, 2009).

Results of our investigations in Kharkov (50 °00'00" N; 36 °13'45" E) were compared to data obtained in
Kyiv (50 °27'00" N; 30 °30'00" E) in 2003-2006 (Kashtanovaja miniruyushchaya mol' ..., 2007) and in Tiraspol
(46 °5023" N; 29 °36'23" E) in 2005-2009 (Antyukhova, 2008). The authors of these publications calculated the
sums of temperatures for every stage of development of horse-chestnut leafminer from the beginning of the year.
Therefore, we calculated from their data the differences of respective sums of temperatures to determine the
necessary sums of temperatures for development of each stage or generation of this insect and to compare with
our results.

Results and discussion. The dates of seasonal development of horse-chestnut leafminer are
timed to its host plant — horse chestnut, and the dates and rate of development both host plant and miner depend
on air temperature of the season.

By long-term data of N. P. Sakharov (Sakharov, 1961), in the 50™ years of XX century in Kharkov the
beginning of budding of horse chestnut trees was registered on April 11, and bud breaking on April 23. The
beginning of frondescence was registered on May 1, and total frondescence on May 14 (Table 1).

Table 1. The earliest dates of phenological events in horse chestnut development in Kharkov

Phenological events Dates by years

by N. P. Sakharov, 1961 2008 2009 2010 2011 2012
Budding 11.04 — — — — —
Bud breaking 23.04 04.04 10.04 01.04 14.04 02.04
Beginning of frondescence 01.05 09.04 14.04 12.04 26.04 13.04
Total frondescence 14.05 05.05 10.05 25.04 03.05 25.04
Appearance of blossom clusters — 30.04 20.04 18.04 30.04 22.04
Beginning of blooming 12.05 05.05 07.05 03.05 08.05 27.04
End of blooming 27.05 20.05 26.05 18.05 25.05 16.05
Beginning of fruits development — 26.05 31.05 22.05 30.05 20.05
End of fruits development — 04.10 27.09 24.09 28.09 22.09
Beginning of foliage yellowing 01.08 20.07 22.06 10.07 12.07 08.07
Curling of damaged leaves — 25.07 29.06 14.07 19.07 10.07
Total foliage yellowing 09.10 — — — — —
Beginning of leaf fall 19.08 27.07 15.07 15.07 17.07 12.07
Total leaf fall 18.10 16.10 20.10 26.09 08.10 25.09
Beginning of new foliage development — 20.09 13.08 — 03.08
Autumn blooming — 27.09 19.08 — 09.08

Our investigations show that the earliest bud breaking of horse chestnut occurred in 2010 (on April 1), in
other years it was somewhat later, and in 2011 it was the latest — on April 14 (see Table 1). In all years the dates
of this event were earlier than 50 years ago. Beginning of frondescence of horse chestnut trees was registered on
April 9 in 2008, and in 2009, 2010 and 2012 it was April 14, 12 and 13 respectively, the latest in 2011 (on April
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26). The total frondescence of horse chestnut trees was also observed earlier in the years of our investigations. It
occurred on May 5, 10 and 3 in 2008, 2009 and 2011, on April 25 in 2010 and 2012 (see Table 1).

In the 50™ years of XX century the yellowing of horse chestnut foliage was registered on August 1, total
yellowing on October 9, and leaf fall occurred from August 19 to October 18 (Sakharov, 1961). By our
investigations, in 2008-2012 foliage yellowing of horse chestnut was registered already on June 22 in 2009, on
July 8 and 10 in 2012 and 2010, and on July 12 and 20 in 2011 and 2008 respectively. Curling of leaves damaged
by horse-chestnut leaf miner was first detected on June 29 in 2009, on July 10 and 14 in 2012 and 2010, on July
19 and 25 in 2011 and 2008. Damaged foliage fell before time in the 2" (in 2009-2012) and 3" (in 2008)
decades of July. Total leaf fall of horse chestnut trees was registered in the 3" decade of September (in 2010 and
2012) or in the 152" decades of October (in 2008, 2009, and 2011). Early yellowing and abscission of horse
chestnut foliage was followed by development of new foliage and autumn blooming, which were registered in
September 20-27 in 2009, in August 13-19 in 2010, and in August 3-9 in 2012 (see Table 1).

Blooming of horse chestnut was observed by N. P. Sakharov (Sakharov, 1961) in May 12-27, and the
dates of fruits development were not registered by this scientist. We registered the beginning of horse chestnut
blooming in the 1% decade of May in 2008-2011, and on April 27 in 2012 (see Table 1). The end of blooming of
horse chestnut was also registered in 2008-2011 in almost similar dates, which almost do not differ from
observations of N. P. Sakharov (Sakharov, 1961). This supports the known conclusion about low variability of the
dates of summer events by years and locations (Meshkova, 2009).

Development of fruits of horse chestnut began in the 3" decade of May in all years, and the fruits
completed development both on branches with foliage or without it on the beginning of the 3™ decade of
September in all years of investigation. Only in 2008 this event was registered on October 4 (see Table 1).

The pupae of horse-chestnut leafminer hibernate in fallen foliage. By our investigations, emergence of
moths from locations of hibernation began the most often in the 1% decade of May, and in 2012 in the 3™ decade
of April (Table 2). Mass swarming of adults of horse-chestnut leafminer began every year 4-7 days after
beginning of emergence (see Table 2).

Table 2. Dates of phenological events in development of horse-chestnut leafminer in Kharkov
. Dates by years
Phenological events 2008 2009 2010 2011 2012
Emergence of adults from hibernated pupae 05.05 04.05 28.04 04.05 22.04
Mass swarming of adults after winter 10-26.05 10-23.05 03-16.05 11-25.05 26.04-10.05
H st
Appeargnce of mines of larvae of the 1 29.05 23.05 19.05 20.05 10.05
generation
Appearance of pupae of the 1% generation 19.06 14.06 09.06 15.06 31.05
Emergence of adults of the 1% generation 26.06 25.06 18.06 23.06 10.06
; nd
gﬂeff; SaRrming of adults of the 2 29.06-1507 | 01.07-1507 | 22.06-0607 | 29.06-19.07 | 14.06-30.06
A nd
Appearance of mines of larvae of the 2 14.07 08.07 30.06 08.07 21.06
generation
Appearance of pupae of the 2" generation 28.07 24.07 17.07 25.07 11.07
Emergence of adults of the 3™ generation 06.08 04.08 27.07 04.08 21.07
R rd
g"effj ;t‘g";‘r:m'”g of adults of the 3 09.08-24.08 | 06.08-19.08 | 03.08-17.08 | 10.08 2408 | 26.07-09.08
Appearance of mines of larvae of the 3"
generation 20.08 21.08 15.08 16.08 05.08
Appearance of pupae of the 3" generation 27.09 25.09 14.09 28.09 01.09
A rd
Appearance of mines of larvae of the 3 . 27.09 20.09 . 08.09
generation on the foliage of autumn shoots

In Tiraspol (Antyukhova, 2008) the first moths of horse-chestnut leafminer appeared on April 13-16, in
Kyiv (Kashtanovaja miniruyushchaya mol' ..., 2007) the first moths appeared on April 24—May 4, and mass
swarming was registered on May 12-27. Thereby, the dates of beginning of swarming of horse-chestnut
leafminer after winter in Kharkov were close to such dates from Kyiv and later than in Tiraspol. Obtained data
are connected with peculiarities of temperature accumulation in investigated regions: development of hibernated
pupae began after stable transition of temperature over 10 °C, and duration of pupae development depended on
temperature in the places of hibernation. Like this, in the years of researches of O. V. Antyukhova (Antyukhova,
2008) the stable transition of air temperature over 10 °C in Tiraspol was registered on April 7-12 and over
15 °C — on May 3-11. In Kharkov in 2007-2012 the stable transition of air temperature over 10 °C and 15 °C
was registered on April 10-23 and May 5-24 respectively.
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Mean air temperature in period of swarming of horse-chestnut leafminer after winter amounted in
Kharkov from 11.5 to 18.4 °C in different years, average for 2008-2012 amounted 13.7 °C (Table 3). Sum of
positive temperatures to the date of moths emergence in Kharkov amounted 339.6-569.5 °C (mean 399.5 °C),
sum of active temperatures at threshold 10 ° C — 173.3 — 320.9 °C (216.4 °C), sum of effective temperatures at
threshold 10 °C — 23.3-70 °C (50.4 °C) (see Table 3).

Table 3. Indices of heat accumulation to the of dates of adults emergence from hibernated pupae in

Kharkov
Years Dates of Date of stable transition of Mean air Sum;)(ftit\e;?;eratures, Sffec rrymp—
i o o iti
emergence air temperature over 10 °C temperature, °C positive threshold 10 °C threshold 10 °C
2008 05.05 10.04 11.5 569.5 320.9 50.9
2009 04.05 23.04 13.3 424.1 205.1 55.1
2010 28.04 15.04 12.7 339.6 173.3 23.3
2011 04.05 22.04 18.4 357.7 200.0 70.0
2012 22.04 8.04 12.6 306.5 182.6 52.6
Average 01.05 16.04 13.7 399.5 216.4 50.4
By the data of Kyiv researchers (Kashtanovaja miniruyushchaya mol' ..., 2007), the sum of effective

temperatures at the beginning of emergence of horse-chestnut leafminer after wintering amounted from 68 to
132 °C, which is close to upper limit of this index in Kharkov (see Table 3). Data on positive and active
temperatures for development of horse-chestnut leafminer in Kyiv are not presented.

In Tiraspol (Antyukhova, 2008), the sum of positive temperatures in the dates of beginning of swarming
by horse-chestnut leafminer after winter amounted 473.4-530.8 °C, the sum of effective temperatures at
threshold 10 °C amounted from 0 to 3.6 °C in different years. Sum of positive temperatures to the beginning of
swarming of horse-chestnut leafminer is rather close in Kharkov and Tiraspol, but the sum of effective
temperatures is much lower in Tiraspol. Obtained results are connected with the absence of data on threshold of
pupae development after hibernation and with variability of microclimate in the places of hibernation. Therefore
we suggest predicting the dates of emergence of horse-chestnut leafminer after hibernation using phenological
indicators, that is the total frondescence of horse chestnut trees and beginning of their blooming (see Table 1).

From 16 to 25 days passed in different years from emergence of the first moths to appearance of the first
mines on the leaves of horse chestnut. Mean air temperature made up 13.9-19.9 °C at this period, sum of positive
temperatures amounted 248.4-376 °C (average 321.4 °C), sum of active temperatures at threshold 10 °C — 239—
376 °C (average 309.0 °C), sum of effective temperatures at threshold 10 °C — 78.5-185.6 °C (average 127 °C)
(Table 4).

Table 4. Sums of positive, active and effective temperatures at threshold 10 °C, accumulated during
development of different stages of horse-chestnut leafminer in Kharkov

Duration Mean air Sum of temperatures, °C
Period Year of period, | temperature, - active at effective at
days °C positive threshold 10 °C | threshold 10 °C
2008 25.0 13.9 348.6 305.7 115.7
. 2009 19.0 14.1 267.9 258.5 78.5
From moths emergence after winter 2010 21.0 17.9 376.0 376.0 166.0
to appearance t_he mines of larvae of 2011 16.0 155 2484 39.0 89.0
the 1st generation 2012 180 19.9 365.9 365.9 1856
Average 19.8 16.3 321.4 309.0 127.0
2008 22.0 18.0 396.8 396.8 176.8
. 2009 23.0 19.3 424.2 424.2 204.2
From appearance_the mines of larvae 2010 21.0 185 3884 3884 178.4
2012 21.0 22.1 424.7 424.7 214.7
Average 22.8 19.7 421.5 421.5 203.5
2008 7.0 19.9 119.6 119.6 59.6
2009 11.0 20.8 228.6 228.6 118.6
From appearance the pupae of the 1st 2010 90 22.8 205.6 205.6 115.6
generation to emergence the moths 2011 11.0 20.8 2283 2283 1183
of the 2nd generation 2012 10.0 20.3 2083 20823 1083
Average 9.6 20.9 198.1 198.1 104.1
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Continuance of the Table 4

Duration Mean air Sum of temperatures, °C
Period Year of period, | temperature, - active at effective at
days °C positive threshold 10 °C | threshold 10 °C
2008 18.0 19.6 352.9 352.9 172.9
From emergence the moths of 2009 13.0 21.9 284.7 284.7 154.7
the 2" generation to appearance 2010 12.0 24.2 289.8 289.8 169.8
the mines of larvae of the 2011 13.0 19.5 253.7 253.7 123.7
2" generation 2012 11.0 23.2 269.9 269.9 159.9
Average 13.4 21.7 290.2 290.2 156.2
2008 14.0 23.2 185.3 185.3 105.3
. 2009 16.0 24.6 343.9 343.9 203.9
From apné')earance'the mines of larvae 2010 170 23.8 3805 3805 2205
?rfetgi ;ae%ef"tiftz'ﬁ’d”gt:nz"r’;’t‘?sgance 2011 7.0 23.6 3298 3298 189.8
2012 20.0 23.0 459.5 459.5 259.5
Average 16.8 23.6 339.8 339.8 195.8
2008 9.0 20.9 460.0 460.0 240.0
2009 11.0 22.1 287.2 287.2 157.2
From appearance the pupae of 2010 100 26.1 287.0 287.0 177.0
:E: ﬁqot%z”gfriﬂggrﬂogzr;:gfgge 2011 10.0 226 338.9 338.9 188.9
2012 10.0 22.9 226.8 226.8 126.8
Average 10.0 22.9 320.0 320.0 178.0
2008 14.0 26.5 185.8 185.8 115.8
From emergence the moths of 2009 17.0 17.8 303.4 303.4 133.4
the 3 generation to appearance 2010 19.0 28.0 532.6 532.6 342.6
the mines of larvae of 2011 12.0 235 282.3 282.3 162.3
the 3" generation 2012 15.0 26.1 393.8 393.8 243.8
Average 15.4 24.4 339.6 339.6 199.6
2008 38.0 15.7 708.2 642.6 262.6
. 2009 35.0 18.1 596.9 596.9 266.9
F]["r:” appearance thetm'”es of larvae [™5519 30.0 188 563.2 563.2 263.2
?hetpipaeg:fnff: 2 ;%”g:nifgt?g;ame 2011 43.0 184 4795 4795 2195
2012 27.0 21.3 569.4 569.4 299.4
Average 34.6 18.5 583.4 570.3 262.3

The first mines of this pest were found on the beginning of the 2" decade of May in 2012, at the end of
the 2" decade of May in 2010 and 2011, on the 3™ decade of May in 2008 and 2009 (see Table 2). This event
coincided with the dates of the completing blooming of horse chestnut (see Table 1). In Tiraspol the first mines
were found on May 10-15 (Antyukhova, 2008), in Kyiv— on May 5-18 (Kashtanovaja miniruyushchaya
mol' ..., 2007), that is earlier, than in Kharkov.

From 21 to 27 days (average 22 days) passed in different years from appearance of the first mines (larvae)
to appearance of the first pupae. Air temperature amounted 18-22.1 °C (average 19.7 °C), sum of positive
temperatures and active temperatures at threshold 10 °C amounted 388.4-473.3 °C (average 421.5 °C), sum of
effective temperatures at threshold 10 °C — 176.8-243.3 °C (average 203.5°C) (see Table 4). In Kyiv
(Kashtanovaja miniruyushchaya mol' ..., 2007) the sum of effective temperatures at threshold 10 °C for larvae
development amounted 375-492 °C (average 432.3 °C). In Tiraspol (Antyukhova, 2008) the sum of positive
temperatures for larvae development amounted 258.6-291.3 °C and was closer to our data obtained in Kharkov.

The first pupae of the 1% generation were found in Kharkov at the end of May and in the 1% decade of June
in 2012 and 2010, and in the 2" decade of June in 2008, 2009 and 2011 (see Table 2). In Tiraspol (Antyukhova,
2008) the first pupae were found on May 24-29, and in Kyiv (Kashtanovaja miniruyushchaya mol' ..., 2007) on
June 7-17.

Adults of the 2" generation were found in Kharkov in the 2"-3" decades of June of 2008-2012. Mass
swarming was registered up to the middle of July, only in 2010 and 2012 — up to the 1% decade of July (see
Table 2). In Tiraspol the swarming of adults of the 2" generation was registered in the 1% decade of June
(Antyukhova, 2008), in Kyiv in the 2"-3" decades of June (Kashtanovaja miniruyushchaya mol' ..., 2007).

From 7 to 11 days (average 9.6 days) passed in different years from appearance of the first pupae to
emergence of the first adults of the 2" generation in Kharkov at temperature 19.9-22.8 °C (average 20.9 °C).
Sum of positive temperatures and active temperatures at threshold 10 °C amounted 119.6-228.6 °C (average
198.1 °C), sum of effective temperatures at threshold 10 °C amounted 59.6-118.6 °C (average 104.1 °C) (see
Table 4). In Kyiv (Kashtanovaja miniruyushchaya mol' ..., 2007) the sum of effective temperatures at threshold
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10 °C for pupae development in the 2™ generation amounted 98-122 °C (average 104.5°C). In Tiraspol
(Antyukhova, 2008) the sum of positive temperatures for pupae development amounted 199.5-320.7 °C, the sum
of effective temperatures at threshold 10 °C amounted 109.5-130.7 °C.

The mines of the 2™ generation of the horse-chestnut leafminer were found in Kharkov the earliest in
2012 (June 21), in the 1% decade of July in 2009 and 2011, and the latest in 2008 (July 14) (see Table 2). In
Tiraspol (Antyukhova, 2008) the mines of the 2nd generation were found on June 9-20, the pupae were found on
July 4-9. In Kyiv (Kashtanovaja miniruyushchaya mol' ..., 2007) the mines of the 2" generation were found on
June 23-July 4, the pupae were found on July 15-31.

Duration of period between emergence of moths and appearance of mines of horse-chestnut leafminer of
the 2" generation amounted in Kharkov 11-18 days (average 13.4 days), mean temperature for this period was
19.5-24.2 °C (average 21.7 °C) (see Table 4). In Tiraspol (Antyukhova, 2008) mean temperature for this period
amounted 21.2-24.4 °C.

The sum of positive temperatures and active temperatures at threshold 10 °C for period from moths
emergence to appearance of mines of the 2™ generation of horse-chestnut leafminer amounted in Kharkov
253.7-352.9 °C (average 290.2 °C), sum of effective temperatures at threshold 10 °C amounted 123.7-169.8 °C
(average 156.2 °C). In Tiraspol (Antyukhova, 2008) the sum of positive temperatures for this period amounted
183.4-208.6 °C, sum of effective temperatures at threshold 10 °C amounted 103.4-108.6 °C. In Kyiv
(Kashtanovaja miniruyushchaya mol' ..., 2007) the sum of effective temperatures at threshold 10 °C amounted
114-161 °C.

Pupae of horse-chestnut leafminer were found in Kharkov in the 2™ decade of July in 2010 and 2012, and
in the 3" decade of July in 2008, 2009, 2011 (see Table 2). In Tiraspol (Antyukhova, 2008) pupae were found on
July 4-9, in Kyiv (Kashtanovaja miniruyushchaya mol' ..., 2007) — on July 15-31. Duration of larvae
development in the 2™ generation of horse-chestnut leafminer amounted in Kharkov 14-20 days (average
16.8 days) at mean temperature 23.2-24.6 °C (average 23.6 °C). In Tiraspol (Antyukhova, 2008) larvae
developed 20-26 days at mean temperature 21-23.3 °C. The sum of positive temperatures for development of
larvae of the 2™ generation amounted in Kharkov 185.3-459.5 °C (average 339.8 °C), in Tiraspol (Antyukhova,
2008) — 426.2-602.7 °C. The sum of effective temperatures at threshold 10 °C amounted in Kharkov
105.3-259.5 °C (average 195.8 °C), in Tiraspol (Antyukhova, 2008) — 236.2-352.7 °C, in Kyiv (Kashtanovaja
miniruyushchaya mol' ..., 2007) 386—400 °C (average 393.8 °C).

Emergence of the first adults of the 3rd generation was registered in Kharkov in 2012 and 2010 on July 21
and 27, in 2008, 2009 and 2011 — on August 6 and 4. Mass swarming of adults of the 3" generation began few
days after beginning of swarming. It continued up to the 1% decade of August in 2012, to the end of the 2" decade
of August in 2009 and 2010, to the beginning of the 3™ decade of August in 2008 and 2011 (see Table 2). The
first adults of the 3™ generation was registered in Kyiv on July 22-August 8 (Kashtanovaja miniruyushchaya
mol' ..., 2007), in Tiraspol — on Jult 14 (Antyukhova, 2008). In Kharkov pupae developed 9-11 days (average
10 days) at 20.9-26.1 °C (average 22.9 °C). In Tiraspol (Antyukhova, 2008) pupae developed 10-11 days, in
Kyiv (Kashtanovaja miniruyushchaya mol' ..., 2007) pupae developed 7-17 days. Sum of positive temperatures
for development of pupae made up 287—460 °C (average 320 °C) in Kharkov (see Table 4) and 112.2-225.8 °C in
Tiraspol (Antyukhova, 2008). Sum of effective temperatures at threshold 10 °C made up in Kharkov
126.8-240 °C (average 178 °C), in Tiraspol 62.3-126.7 °C (94.5 °C) (Antyukhova, 2008), in Kyiv 56-153 °C
(average 109.8 °C) (Kashtanovaja miniruyushchaya mol' ..., 2007).

Mines of larvae of the 3" generation of horse-chestnut leafminer were found in Kharkov on August 5, 15
and 16 in 2012, 2010 and 2011 and a bit later (in August 20 and 21) in 2008 and 2009 (see Table 2). In Tiraspol
(Antyukhova, 2008) the mines were found on July 21-28, in Kyiv (Kashtanovaja miniruyushchaya mol' ...,
2007) — on July 28-August 23. The mean temperature for period from moths' emergence to mines appearance
(12-19 days) amounted 17.8-28 °C (average 24.4 °C) in Kharkov. The sum of positive temperatures for this
period amounted in Kharkov 185.8-532.6 °C (average 339.6 °C) (see Table 4), in Tiraspol (Antyukhova, 2008)
153.6-400.5 °C (average 277.1 °C). The sum of effective temperatures at threshold 10 °C made up in Kharkov
115.8-342.6 °C (average 199.6 °C), in Tiraspol (Antyukhova, 2008) 83.6-260.5°C (172.5°C), in Kyiv
(Kashtanovaja miniruyushchaya mol' ..., 2007) 78-229 °C (average 156.5 °C).

Pupae of the 3" generation of horse-chestnut leafminer were registered in Kharkov in the 3" decade of
September in 2008, 2009, 2011 and a bit earlier in 2010 and 2012 (on September 14 and 1 respectively) (see
Table 2). In Tiraspol the first pupae were found on August 30—September 11 (Antyukhova, 2008), in Kyiv on
August 20-September 23 (Kashtanovaja miniruyushchaya mol' ..., 2007). In Kharkov development of larvae of
the 3" generation lasted 30—43 days (average 34.6 days) at 15.7-21.3 °C, in Tiraspol 24-40 days at 25.2-27.4 °C
(Antyukhova, 2008). The sum of positive temperatures for period of larval development in the 3™ generation in
Kharkov amounted 479.5-708.2 °C (583.4 °C) and in Tiraspol 928.3-1042.6 °C (985.5 °C) (Antyukhova, 2008).
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In Kharkov the sum of effective temperatures at threshold 10 °C made up 219.5-299.4 °C (average 262.3 °C), in
Tiraspol 528.3-592.6 °C (average 560.5 °C) (Antyukhova, 2008), in Kyiv 294-448 °C (average 375.8 °C)
(Kashtanovaja miniruyushchaya mol' ..., 2007).

The most of pupae of horse-chestnut leafminer of the 3rd generation stayed in diapause up to spring. At
the same time in 2009, 2010 and 2012 the mines of the 4™ generation were found (see Table 2) on the foliage,
which developed in autumn in damaged trees (see Table 1). Development of these larvae could not completed in
result of autumnal frosts, lowering the temperature below 10 °C in the 3" decade of October and stopping the
vegetation of horse chestnut trees.

In Kyiv (Kashtanovaja miniruyushchaya mol' ..., 2007) the moths emerged from the pupae of the 3"
generation in September, the larvae of the 4" %eneration developed in the middle-end of September and pupated
in October. In Tiraspol the individuals of the 4" generation of horse-chestnut leafminer were not revealed.

Comparison of development of different generation shows (see Table 4), that in Kharkov the period
between emergence of moths after winter and appearance of mines amounted averagely 19.8 days at 16.2 °C, for
2" generation it made up 13.4 days at 21.7 °C, for 3" generation — 15.4 days at 24.4 °C. Obtained data are
agreed with knowledge about acceleration of insect development with increase of temperature. The sum of
positive temperatures for development of moths and eggs of these generations amounted 321.4, 290.2 and
339.6 °C. The sum of effective temperatures at threshold 10 °C amounted 127, 156.2 and 199.6 °C and had a
trend to increase from 1% to 3" generation.

Development of larvae of the 1%, 2" and 3™ generations lasted 22.8, 16.8 and 34.6 days at mean
temperature 19.7, 23.6 and 18.5 °C. Development of larvae was the most rapid in the 2"® generation, because the
air temperature was the highest. The sums of positive temperatures during development of larva of the 1%, 2" and
3" generations amounted 421.5, 339.8 and 570.3 °C, and the sums of effective temperatures amounted 203.5,
195.8 and 262.3 °C.

Duration of larvae development in the 1% and 2" generations amounted 9.6 and 10 days at mean air
temperature 20.9 and 22.9 °C. A bit longer development of pupae in the 2™ generation comparing to the 1% one in
spite of higher temperature can be connected with overlapping of generations. The sums of positive temperatures
during development of pupae of the 1% and 2" generations amounted 198.1 and 320 °C, and the sums of effective
temperatures amounted 104.1 and 178 °C. Increase of these indices for the 2™ generation can be also explained
by overlapping of generations (see Table 4).

We calculated duration of development of different generations of horse-chestnut leafminer and respective
temperature indices using data of moth emergence, larvae and pupae appearance in adjacent generations (1% and
2" 2" and 3") (Table 5). Length of period between moth emergence after winter and in the 2™ generation
amounted in Kharkov 49-53 days (average 51 days), between moth emergence in the 2™ and 3" generations —
39-42 days (average 40.6 days). Calculated by Kyiv data (Kashtanovaja miniruyushchaya mol' ..., 2007), this
index amounted 55 and 46 days, by Tiraspol data (Antyukhova, 2008) — 46-58 and 34-43 days respectively.

Table 5. Sums of positive, active and effective temperatures at threshold 10 °C, accumulated during
development of different generations of horse-chestnut leafminer in Kharkov

Duration Mean air Sum of temperatures, °C
Period Year of period, temperature, iti active at effective at
days °C POSIIVE 1 threshold 10 °C | threshold 10 °C
L 2008 53.0 16.3 865.0 822.1 352.1
From beginning of emergence 2009 52.0 17.7 920.7 911.3 4013
the moths after winter to beginning 2010 51.0 190 9700 970.0 260.0
?gee;”elgeer?;‘;ttigi r(”d";\*l‘:lg;mem 2011 50.0 19.0 950.0 940.6 450.6
of the 1% generation) 2012 49.0 20.2 998.9 998.9 508.6
Average 51.0 18.4 940.9 928.6 434.5
L 2008 41.0 20.8 998.2 998.2 518.2
From beginning of emergence 2009 40.0 22.9 915.8 915.8 515.8
the moths of the 2™ generation 2010 39.0 245 9573 9573 5673
to beginning of emergence the moths 2011 42'0 22'0 922'4 922'4 502'4
of the 3" generation (development - - - - -
of the 2™ generation) 2012 41.0 235 956.2 956.2 546.2
Average 40.6 22.7 950.0 950.0 530.0
. 2008 46.0 18.9 869.3 869.3 409.3
From appearance the mines 2009 46.0 204 9375 9375 4775
of larvae of the 1% generation to 2010 220 510 8838 8838 2638
appearance the mines of larvae 2011 49'0 20'3 955'3 955'3 485'3
of the 2" generation (development - : - : .
of the 1% generation) 2012 42.0 23.2 902.9 902.9 482.9
Average 45.0 20.8 909.8 909.8 463.8
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Continuance of the Table 5

Duration Mean air Sum of temperatures, °C
Period Year of period, temperature, " active at effective at
days °C POSItIVe | 1 reshold 10 °C | threshold 10 °C
. 2008 37.0 22.5 831.1 831.1 461.1
From appearance the mines 2009 44.0 212 934.5 9345 4945
of the 3" generation (development 2011 390 232 9510 9510 541.0
of the 2™ generation) 2012 45.0 215 1080.1 1080.1 630.1
Average 42.2 22.9 999.4 999.4 573.4
2008 39.0 20.6 657.8 657.8 337.8
From appearance the pupae 2009 40.0 22.6 857.2 857.2 477.2
of the 1% generation to appearance 2010 38.0 23.7 875.9 875.9 505.9
the pupae of the 2" generation 2011 40.0 214 811.8 811.8 431.8
(development of the 1* generation) 2012 41.0 22.7 937.7 937.7 527.7
Average 39.6 22.2 828.1 828.1 456.1
2008 61.0 18.3 1354.0 1288.4 618.4
From appearance the pupae 2009 63.0 18.8 1187.5 1187.5 557.5
of the 2" generation to appearance 2010 59.0 23.0 1382.8 1382.8 782.8
the pupae of the 3™ generation 2011 65.0 20.8 1100.7 1100.7 570.7
(development of the 2" generation) 2012 52.0 22.9 1190.0 1190.0 670.0
Average 60.0 20.8 1243.0 1229.9 639.9
Total average 46.0 21.0 979.0 974.0 516.0

Duration of period between appearance of mines of the 1% and 2" generation amounted in Kharkov
42-49 days (average 45 days), of the 2" and 3™ generation — 37 — 46 days (average 42.2 days) (see Table 5). By
Tiraspol data (Antyukhova, 2008) this index amounted 25-60 and 31-49 days respectively.

Duration of period between appearance of pupae of the 1% and 2" generation amounted in Kharkov
38-41 days (average 39.6 days), of the 2" and 3" generation — 59-65 days (average 60 days). By Tiraspol data
(Antyukhova, 2008) this index amounted 41 and 52-69 days respectively. In all cases the 2™ generation
developed faster due to highest temperatures during its development (see Table 5).

Sum of positive temperatures for development of one generation of horse-chestnut leafminer, calculated
by the dates of moths emergence in 1% and 2" generations, and 2™ and 3" generations, in Kharkov amounted
940.9 and 950 °C, calculated by the dates of mines appearance — 909.8 and 999.4 °C, calculated by the dates of
pupae appearance — 828.1 and 1243 °C, average for all mentioned intervals amounts 979 °C (see Table 5). For
Tiraspol data (Antyukhova, 2008) this index amounts 821 and 880 °C at calculation by the dates of moths
emergence, 664 and 961 °C calculated by the dates of mines appearance, 918.6 and 1432 °C calculated by the
dates of pupae appearance, average for all mentioned intervals amounts 516 °C.

Sum of effective temperatures for development of one generation of horse-chestnut leafminer in Kharkov,
calculated by the dates of moths emergence in 1% and 2™ generations, and 2" and 3™ generations, made up 434.5
and 530 °C, calculated by the dates of mines appearance — 463.8 and 573.4 °C, calculated by the dates of pupae
appearance — 456.1 and 639.9 °C. Average for all mentioned intervals amounts 505.1 °C (see Table 5). For
Tiraspol data (Antyukhova, 2008) this index makes up 296.7 and 495 °C at calculation by the dates of moths
emergence, 335 and 561 °C by the dates of mines appearance, 508.6 and 827 °C by the dates of pupae
appearance, average for all mentioned intervals amounts 503.8 °C. In Kyiv (Kashtanovaja miniruyushchaya
mol' ..., 2007) average sum of effective temperatures for development of one generation of horse-chestnut
leafminer makes up 505 °C.

Conclusions. Horse-chestnut leafminer develops in Kharkov in three generations. The most of
pupae of the 3" generation stay in diapause up to spring. Some pupae develop to the moths, and the larvae of the
4th generation begin consume the foliage, which appear in autumn after fall of damaged leaves, but never
complete development.

Beginning of moth emergence from locations of hibernation is registered at the end of April-beginning of
May and coincides with phenological indicators — total frondescence of horse chestnut trees and beginning of
their blooming. Foliage damaged by horse-chestnut leafminer falls in the 2"°-3" decades of July and is followed
by development of young foliage and autumnal blooming.

Duration of development of larvae of horse-chestnut leafminer lasts 13-43 days depending on
temperature, sum of effective temperatures at threshold 10 °C amounts 105.3-299.4 °C; pupae develop
7-11 days, and sum of effective temperatures amounts 103-240 °C.
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Interval between emergence of moths of the 1% and 2" generations averages 51 days, 2" and 3™ ones —
40.6 days, between appearance of mines of the 1% and 2™ generations — 45 days, 2" and 3™ ones — 42.2 days,
between appearance of pupae of the 1% and 2™ generations 39.6 days, 2™ and 3™ ones — 60 days. Average sum
of positive temperatures for development of one generation of horse-chestnut leafminer amounts 979 °C, sum of
effective temperatures at threshold 10 °C amounts 516 °C.
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