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Thanasimus formicarius (Linnaeus 1758) (Coleoptera: Cleridae) is a predator of many coleopterous species. In 2018,
the rearing of this predator started in the State Specialized Forest Protection Enterprise ‘Kharkivlisozahyst’. The aim
of this research was to evaluate the first results of the release of Th. formicarius to prevent the bark beetle spreading.
The experiment was carried out with five variants of application of the fertilizer and predator, one variant of predator
release without fertilizer, one variant of fertilizer treatment without predator release, and one variant without any
treatment. The more rapid collapse of bark beetle outbreak as compared to the control was registered for the plots
with predator release. The release of the predator together with the use of mineral fertilizer by spraying the crowns
provided a more significant improvement in the stand health condition and a decrease in the viability of bark beetle
populations than the only predator release.
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Introduction. Recently, in pine forests of many regions, the outbreak of multivoltine bark
beetles Ips acuminatus (Gyllenhal, 1827) and Ips sexdentatus (Borner, 1776) (Coleoptera:
Curculionidae: Scolytinae) have been registered (Colombari et al. 2013, Meshkova et al. 2017,
Andreieva & Goychuk 2018, Meshkova 2021). This resulted in the sanitation felling in Scots pine
stands within a large area with obtaining a poor quality timber (Selikhovkin 2017, Meshkova 2019).
Prevention of bark beetle outbreaks and a decrease of negative consequences for forests can be
achieved throughthe measures aimed at increasing the sustainability of forest stands, in particular,
the use of fertilizers, insecticides, and entomophages (Kenis et al. 2004, Glare et al. 2011,
Selikhovkin 2017).

Thanasimus formicarius (Linnaeus 1758) (Coleoptera: Cleridae) is a predator of many
coleopterous species (Zondag 1979, Gninenko & Khegai 2016). It is reared in laboratories and
released into the foci of mass propagation of different bark beetles, particularly, Ips typographus,
Dendroctonus sp. in different regions (Kenis et al. 2004, Warzee et al. 2006). In 2018, the rearing of
Th. formicarius has been started in the State Specialized Forest Protection Enterprise
“Kharkivlisozahyst”, which initiated the first experiments on the release of this predator into the
bark beetle foci (Meshkova et al. 2019).

The aim of this research was to evaluate the first results of the release of Th. formicarius into
the bark beetle foci.

Material and Methods. The study was carried out in the bark beetle foci in Scots pine (Pinus
sylvestris L.) stands in Kharkiv (Zhovtnevyi Forest Enterprise), Sumy (Konotop, Krolevets,
Okhtyrka, and Sumy Forest Enterprises), and Chernigiv regions (Yalyvschina Regional Landscape
Park and “Sviate” Nature Reserve Stand). The pine stands were pure, of 65-75 years old, with
a relative density of stocking 0.6-0.8. Totally, the eighteen monitoring plots were established for
this study. The larvae of Th. formicarius were reared in the State Specialized Forest Protection
Enterprise “Kharkivlisozahyst”, then they were moved to the forest in individual vials in cooler-bag
on different dates, and released randomly into the standing (of the 4™—6" category of health
condition) and lying trees, populated with bark beetles. On average, about four predator larvae were
released per tree.

In some stands, predators were introduced along with the treatment with mineral fertilizer
‘laros’ carried out with a generator of aerosol controlled dispersion (GARD) at the rate of
100 ml/ha.
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The control plots were of three types: K-1 — release of predator larvae without applying the
fertilizer; K-2 — fertilizer treatment without the release of predator; K-3 — without fertilizer
treatment and without the release of predator (Table 1).

Table 1
Design of experiment on predator release into bark beetle foci
\ﬁg:)r:t Fertilizer treatment Release of predator larvae
V-1 August and October 2018 August and October 2018
V-2 July 2018 July 2018 and October 2018
V-3 July 2019 August 2019
V-4 September 2018 September 2018
V-5 October 2018 and August 2019 August 2019
K-1 Without treatment July 2018
K-2 July 2018. Without predator release
K-3 Without treatment Without predator release

The changes in the health condition of trees and bark beetles’ survival were the criteria for
evaluating the effectiveness of the treatment. The assessment of both the health condition of trees
and survival of bark beetle larvae were carried out in each variant in five replicates — in randomly
selected fragments within the treated plots. Since the trees of the 5™ and 6™ categories of health
condition in the stands were used for the predator release, the effect of the treatment was assessed
by changing the health condition index of viable trees (1°-4™ categories) and by the proportion
of the trees of the 1°--3" categories for the period from 2018 to 2020.

In July 2018 and 2020, the average number of larval galleries of Ips sexdentatus and a number
of the larvae that successfully completed development were assessed, and then a proportion of the
individuals that successfully completed development was calculated on the model trees of the
experimental and control plots.

The effect of the treatment was estimated by the Formula 1:

Ei =100 — 100 x Ko/K; x Pi/Py (1)

where Ky and K; — the values in the control plot (K-3) in 2018 and 2020, respectively,
Po and P; — the values in the experimental (treated) plots in 2018 and 2020, respectively.

Summary statistics, one-way analysis of variance (ANOVA), and Tukey HSD test with
a significance level of p < 0.05 were performed (Atramentova & Utevskaya 2008). Microsoft Excel
software and statistical software package PAST: Paleontological Statistics Software Package for
Education and Data Analysis (Hammer et al. 2001) were used.

Results and Discussion. The analysis of the survey data in 2018 did not reveal any significant
differences in the category of the health condition of viable trees in the plots of different variants
(Table 2). In 2020, the health condition of the trees improved in V-1-V-5, while it worsened
in K-1-K-3. It must have happened due to the fact that the predator increased its number in
favourable conditions and effectively reduced the population of bark beetles.

The efficiency of different combinations of the fertilizer treatment and a release of the
predator, evaluated by the change in the health condition of viable trees, made from 14.7% in V-5 to
28.3% in V-1 (Table 2).

The highest efficiency of V-1-V-3 may be connected with the summer treatment in the year
when the bark beetles outbreak started to go down (in 2018). The health condition of the stands
significantly improved in those three variants, and insignificantly in V-4 (the fertilizer treatment in
September) and did not change in V-5 with the fertilizer treatment in October 2018.

The measures taken contributed to the fact that the health condition of the stands ceased to
deteriorate. The dead trees fell out of the stand composition, however, further deterioration of the
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health condition of the stand went on. The obtained conclusion is supported by a comparison of the
proportion of trees of the 1°-3" categories of health condition in different variants (Fig. 1). For two
years, the proportion of such trees in most of the experimental plots increased, it changed
insignificantly in V-5, and decreased in the control. However, a significant improvement in this
indicator was noted only in V-1, which can be associated with an initial distribution of the trees
before the start of the experiment.

Table 2
Health condition index of vital trees in the bark beetle foci and effect of treatment
in different experimental variants
Variant - Health condition index Effici-

index Fertilizer treatment Release of predator larvae 2018 2020 ency, %
V-1 ZAS‘f;St and  October | »,0..ct and October 2018 3242 2.65 ¢ 28.3
V-2 July 2018 July 2018 and October 2018 3.10b 2.72¢ 23.1
V-3 July 2019 August 2019 3.16 b 2.85¢ 20.9
V-4 September 2018 September 2018 347¢c 3.22d 18.6

October 2018 and
V-5 August 2019 August 2019 3.25a 3.17 ad 147
K-1 Without treatment July 2018 3.29a 3.60¢e 4.1
K-2 July 2018. Without predator release 3.26 a 3.67¢ 1.2
K-3 Without treatment Without predator release 3.26 a 3.73¢ —

~ Note: 1. The data for all inspected stands were pooled for each variant.
2. Values followed by different letters in each column are significantly different at the 95 % confidence
level.

However, in V-4 (the fertilizer treatment and release of predator larvae were carried out in
September 2018) the proportion of the trees of the 1%-3" categories was the lowest in 2018 and it
increased by 1.2 times (by contrast, by 1.5 times in V-1, by 1.1 and 1 times in V-2 and V-3,
respectively, and 1.1 times in V-5). The proportion of viable trees for two years significantly
decreased in the control plots (1.7, 2.3, and 2.8 times in K-1, K-2, K-3, respectively).
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Fig. 1 — Proportion of the trees of the 1°-3" categories of health condition in the bark beetle foci in different
variants of the experiment (see Table 1) by assessment of 2018 and 2020. Values followed by different letters are
significantly different at the 95 % confidence level

In 2018, the density of I. sexdentatus population in all plots exceeded 3 larval galleries /dm?
(Table 3). The value was above the middle level for this species in V-1, K-1, and K-3 (4 larval
galleries /dm? — Methodical recommendations 2010). From 62.5 to 89.7% of larvae successfully
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completed development in 2018, particularly 78.6-89.5% in V-1-V-5, 84% and 78.3% in K-1 and

K-2, respectively, and 89.7% in K-3.

Table 3
Survival of Ips sexdentatus larvae in different variants in 2018
< - 7 -
\(arlant Fertilizer treatment Release of predator larvae Dens@y per d”? Survival,
index larval galleries | exit holes %
V-1 'ZA(;’f‘E;‘St and - October | A, ist and October 2018 4.46 a 3.51d 78.6
V-2 July 2018 July 2018 and October 2018 3.86b 241e 62.5
V-3 July 2019 August 2019 3.55b 3.07f 86.4
V-4 September 2018 September 2018 3.06 ¢ 257 ¢ 84.2
October 2018 and

V-5 August 2019 August 2019 3.02¢c 271e 89.5
K-1 Without treatment July 2018 418 a 3.51d 84.0
K-2 July 2018 Without predator release 3.71b 291f 78.3
K-3 Without treatment Without predator release 4.66 a 4174 89.7

Note: 1. The data for all inspected stands were pooled for each variant.
2. Values followed by different letters in each column are significantly different at the 95 % confidence

level.

According to the 2020 assessment, the density of larval galleries of the bark beetle decreased in

all plots compared to 2018 (Table 4). It is consistent with the data on the collapse of the outbreak.
At the same time, in the variants of the experiment, this value decreased by 2.1-1.5 times
in V-1-V-5 and by 1.5 times in the K-1-K-2. In K-3 it decreased by 1.4 and remained maximal
(3.8 galleries / dm?).

Table 4
Survival of Ips sexdentatus larvae in different variants in 2020
- - 7 -
\(arlant Fertilizer treatment Release of predator larvae Dens@y per d”? Survival,
index larval galleries | exit holes %
V-1 ,Zbgjlg; st and  October August and October 2018 2.58 a 0.97d 375
V-2 July 2018 July 2018 and October 2018 2.37a 0.78 d 33.0
V-3 July 2019 August 2019 2.75a 1.30d 47.1
V-4 September 2018 September 2018 2.29a 1,14d 50.0
October 2018 and

V-5 August 2019 August 2019 242 a 1.45d 60.0
K-1 Without treatment July 2018 3.49b 194 ¢ 55.6
K-2 July 2018 Without predator release 4.18¢c 2.18¢ 52.3
K-3 Without treatment Without predator release 3.87¢ 245¢ 63.4

Note. 1. The data for all inspected stands were pooled for each variant.
2. Values followed by different letters in each column are significantly different at the 95 % confidence
level.

From 2.57 to 4.17 exit holes / dm? were registered n 2018 and from 0.97 to 2.45 exit
holes / dm? in 2020. These numbers decreased by 3,6-1,9 times in V-1-V-5, by 1.8 times in K-1,
byl.3 times in K-2, and by 1.7 times in K-3.

From 33 to 63.4 % of larvae successfully completed their development in 2020, particularly
33-60 % in V-1-V-5, 55.6% and 52.3 % in K-1 and K-2, respectively, and 63.4% in K-3 (Table 4).

Calculation of the effectiveness of the experiments according to Formula 1 using the
characteristics of the health condition of viable trees and the condition of bark beetle population
allows us to draw similar conclusions.

The efficiency is significantly higher for the combined use of fertilizer with the introduction of
a predator in comparison with the use of these measures separately (Fig. 2). The highest efficiency
was obtained in V-1 (28.3% and 32.5% for the health condition of trees and for bark beetles,
respectively). However, these results do not statistically differ from V-2 (23.1% and 25.3 %).
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The efficiency of the V-4 with the use of fertilizer and the introduction of a predator in
September 2018 was significantly less than V-1-V-3 in terms of the health condition of viable trees
(18.6%) but did not differ from them in terms of the condition of the bark beetle population (16 %).
Therefore, we suggest that a treatment timing does not affect significantly the efficiency while
a number of applications does affect it.
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Fig. 2 — Efficiency of treatment of Scots pine stands with fertilizer and release of Th. formicarius in the foci of Ips
sexdentatus estimated considering the health condition of vital trees and larvae survival in different variants of
the experiment (see Table 1). The data for all inspected stands were pooled for each variant. The values followed
by different letters are significantly different at the 95 % confidence level

The efficiency of the V-5 with the use of fertilizer in October 2018 and August 2019 and the
release of a predator in August 2019 evaluated by tree health condition (14.7%) is significantly
lower than in V-1-V-3 and significantly higher than in K-1-K-2, while in K-1 and K-2 the
efficiency did not differ significantly. The effectiveness of the measures applied, calculated by the
change in the viability of bark beetles, did not significantly differ in V-1-V-4, on the one hand
(32.5-16.5%), and V-5-K-1-K2 (5,2-6.4 %), on the other hand. Publications indicate a maximum
efficiency of the biological method during the period of outbreak collapse (Kenis et al. 2004,
Warzee et al. 2006). At the same time, the increase in the efficiency of predators is facilitated by
their repeated release into the pest focus (Zondag 1979). Our first experience with the
Th. formicarius release into the focus of Ips sexdentatus in Ukraine showed that the release
of predator along with the fertilizer treatment increases the efficiency of forest protection.

The release of predator without additional fertilizer treatment in the stand (K-1), as well as
fertilizer use without a release of predator (K-2) provide less efficiency than the joint application
of these measures, on average 3.2-5.2 and 3.7-17 times, respectively. Fertilizer treatment and
release of a predator in July and twice a year (in July—August and October) turned out to be more
effective than in September 2018. Its application in August 2019 was more effective carried out
along withfertilization in July than in October 2018 and August 2019.

Conclusions.

1. The release of predator Thanasimus formicarius into the focus of bark beetle Ips sexdentatus
promotes a more rapid collapse of the outbreak as compared to the control.

2. The release of a predator along with spraying mineral fertilizer on crowns provides a more
significant improvement of the stand condition and a decrease in the viability of bark beetle
population than the release of a predator only.
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IMEPIII PE3VYJIbTATU BIOJIOITYHOI'O KOHTPOJIIO IPS SEXDENTATUS I3 3ACTOCYBAHHSIM
THANASIMUS FORMICARIUS B YKPATHI

1YKpai'HCbKuﬁ HJII nicosoeo eocnooapcmea ma azponicomeniopayii im. I'. M. Bucoyvkoeo

JlepoicasHe Cneyianizosane nico3axuche niONPUEMCME0 « XapKigricozaxucmy

Thanasimus formicarius (Linnaeus 1758) (Coleoptera: Cleridae) — xmxak 0araThboX BH[IIB TBEpAOKPHIIUX.
VY 2018 p. po3modanocs BUPOITyBaHHS I[LOT0O XIDKaka y JepkaBHOMY CIieliani3oBaHOMY JIiCO3aXUCHOMY IiATPHEMCTBI
«XapkiBiico3axuct». MeTor 1bOro JOCI/PKeHHS 0YJI0 OIHIOBaHHS MEPIIMX Pe3yNbTaTiB Bumycky Th. formicarius B
ocepeakl KOpoifiB. Y JOcCIiai BUMPOOOBAHO Taki BapiaHTH: 5 BapiaHTIB i3 3aCTOCYBaHHSIM MiHEpaJbHUX J0OpUB i
XIDKaKa, OJIMH BapiaHT i3 BUIIYCKOM XIDKaka 0e3 BHECEHHs J00pHB, OJMH BapiaHT i3 BHECEHHSIM JOOpPUB 0€3 BUITYCKY
XIKaKa 1 OJUH BapiaHT 0e3 BHECEHHs JO0OpHWB 1 Xmxkaka. Ha#mBuaiie 3racaHHs chajaxy pPO3MHOXKEHHS KOpoima
y NOPIBHSIHHI 3 KOHTpPOJIEM Bif0yJIoCcs Ha JUISHKAaX 13 BHIYCKOM XW)Kaka. BuUmyck xmxaka pazoM i3 o0poOieHHSM
Haca/pKeHb MiHEepalbHUM J00pMBOM 3abe3rnedyBaB Oibllle TMOKpAIIEHHS CTaHy HAcaKEHb 1 3MEHIICHHS
KHUTTE3AATHOCTI MOMYIISIIIA KOPOiiB, HIX Y BapiaHTi JIMIIE BUITYCKY XMKaKa.

KnrwduoBi cioBa: KOpOim, XKak, iHAEKC CAHITAPHOTO CTaHy, HIUIGHICTh JUYMHKOBHX XOJIB, HIUIBHICTH
BHXIJTHUX OTBOPIB.

E-mail:  valentynameshkova@gmail.com;  ov4arenko-mosova@ukr.net;  omelich.anastasiya@gmail.com;
baturkin.denis@ukr.net

Ooepoicarno pedxonezicio 24.05.2021

96



