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Aim. To develop practical methodology of assessing the probability of establishment of adventive pests out-
side of their native range of distribution, using specialized software. Methods. International standards for pest
risk analysis ISPM No. 2, ISPM No. 11, ISPM No. 21, PM 5/1(1), PM 5/2(2), PM 5/3(5), PM 5/5(1) and Agro
Atlas (Afonin et al., 2008), MapInfo v.11.0 (Pitney Bowes) and Idrisi Taiga (Clarklabs) software. Results.
The presence of host-plant species range and the correspondence of ecoclimatic conditions of Ukraine (as a
pest risk analysis area) to the climate indices of the current area of distribution of such pests as Oemona hirta
(lemon tree borer) and Thaumatotibia leucotreta (false codling moth) were studied using specified software.
The potential areas of establishment of these pests in Ukraine were defined. Conclusions. The efficiency and
convenience of me-thods of assessing the risk of establishment of adventive plant pests using Agro Atlas,
MaplInfo v.11.0 and Idrisi Taiga software, were proven. It was determined that a potential area of establishment
of O. hirta is the sou-thern part of Odessa region, an inconsiderable part of south-west of Mykolayiv region,
south-western territory of Kherson region and almost the entire territory of the Crimean Peninsula. A potential
area of establishment of T. leucotreta is an inconsiderable territory of the Black Sea coast — Tarkhankut Penin-
sula and Kerch Peninsula in the Crimea.
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INTRODUCTION

It is commonly known that the main aim of plant
quarantine is protection of state plant resources from
introduction, spread and damage of quarantine pests,
the list of which is formed on the basis of pest risk ana-
lysis (PRA). The aim of PRA is not just to define the
status of the analyzed pests for a certain area (which
allows characterizing them as regulated quarantine,
regulated non-quarantine or non-regulated pests), but
also to select proper phytosanitary measures to prevent
the introductin of these pests into new territories or to
localize and eradicate existing outbreaks.
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It is rather time and effort consuming to conduct full-
scale PRA, the algorithm and methodology of which
is stipulated in full detail in international [1, 2] and re-
gional standards [3] and national guidances [4]. PRAis
conditionally divided into four stages: initiation, pest
risk assessment, pest risk management and official re-
gistration of PRA process in a protocol format. Here
the second stage is the most critical, as it is aimed at
assessing the probability of introduction and establish-
ment of adventives species in new territories, free from
the latter, which is primarily conditioned by the pres-
ence of host plants and the suitability of ecoclimatic
conditions [5-7].
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There are different approaches to solve this task, in
particular, there are suggestions of defining the area of
potential establishmet of adventive pests using the sta-
tistical data of FAOSTAT, EUROSTAT, JRC or SEAM-
LESS regarding the availability of host plant, and their
distribution in the PRA area [8-11]. Instead, it is re-
commended to assess the climatic suitability in the PRA
area via the degree of its correspondence to ecoclimat-
ic conditions in the area of current distribution of the
pest analyzed — by the sum of effective temperatures,
precipitation, hydrothermal coefficient, etc. Complex
models [12, 13] and software were designed to solve
the mentioned tasks, for instance, CAPRA program [8,
14] or CLIMEX program [15].

The application of the listed instruments envis-
ages processing of a considerable amount of dis-
aggregated data and obtaining the final assessment
only at the end of a multi-stage algorithm. But it is
also possible to assess the probability of establish-
ment of adventive pests in a new territory via more
convenient and accelerated procedure, using other
software — Agro Atlas [16], Mapinfo v.11.0 [17]
and Idrisi Taiga [18] which combines geoinforma-
tional technologies and the biogeographical data
and allows conducting ecological and geographical
analysis and simulating potential spatial distribu-
tion of an organism using precise determination of
a current area of the species and agroclimatic con-
ditions of its establishment. This was set as the aim
of our studies.

MATERIALS AND METHODS

The availability of economically relevant agricultural
crops, grown in Ukraine, which are host plants for ad-
ventive plant pests, was determined using Agro Atlas
software, which allows determining spatial location of
over 500 cultivated plant species, their wild relatives
and weeds [14].

Such software as Maplnfo v.11.0, Agro Atlas and Id-
risi Taiga [16-18] which allow designing compositions
of scan-line and vector layers using computer-aided
procedures, was applied to determine:

environmental factors in the area of current pest dis-
tribution, which limit the spread of the species;

quantitative ecological amplitude of the species re-
garding each limiting factor, comparing similar indices
from the area of the adventive species and ecological
maps by the methods of overlapping layers-maps and
data extraction;
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ecologically suitable territories on the map of
Ukraine for the distribution of the species in terms of
each limiting factor (reclassification);

potential area of establishment of the adventive spe-
cies in the PRA area (Ukraine), favourable for its ex-
istence, via the combination of ecologically suitable
territories into a unified map.

RESULTS AND DISCUSSION

The harmonization of phytosanitary legislation of
Ukraine with EU requirements envisages the practical
introduction of periodic reviews of the lists of regulat-
ed pests, including the ones due to the introduction of
changes to the corresponding lists of the European and
Mediterranean Plant Protection Organization (EPPO) —
List Al (the list of pests recommended for regulation,
absent in the EPPO member countries) and List A2 (the
list of pests recommended for regulation, present but
not widely distributed in the EPPO-region, and which
are officially controlled).

Although this norm was reflected in the Law of
Ukraine “On Plant Quarantine”, the latest review of the
list of regulated pests of Ukraine was in 2010, whereas
EU lists have been edited dozens of times during 2010-
2016. In particular, such changes were noted for the
status of fruit crop pests: lemon tree borer Oemona hir-
ta (Coleoptera:Cerambycida) and false codling moth
Thaumatotibia leucotreta (Lepidoptera:Tortricidae),
which were transferred from the EPPO Alert list to Al
and A2 Lists, respectively, after the pest risk analysis
conducted for EPPO countries.

As fruit production is one of the relevant branches
of Ukrainian agriculture, there is a need for pest risk
analysis and for the determination of the status of these
pests in the territory of this country. The possibility of
assessing the probability of establishment of adventive
species in a new territory was elaborated in the frame-
work of the analysis, using software — Agro Atlas,
MapInfo v.11.0 and Idrisi Taiga.

O. hirta — lemon tree borer, is a pest of citrus fruit
trees, wide-spread in New Zealand [19, 20]. In 1983
and 2010 it was intercepted in plants for planting of
Wisteria, imported to Great Britain from New Zealand.
In 2010, this species was included in the EPPO Alert
list on the initiative of Great Britain, and in 2013 it was
transferred to List Al (the list of pests recommended
for regulation, absent in the EPPO region) according to
PRA results. Express-PRA, performed by the experts
of the UK National Plant Protection Organization, and
a subsequent full-scale PRA conducted by EPPO ex-
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Fig. 1. The main economically important agricultural crops
of Ukraine, susceptible to be infested by Oemona hirta:
a — apricot; b — cherry; ¢ — sweet cherry; d — peach; e —
apple-tree; f — plum-tree; g — pear-tree; h — grapes

perts demonstrated that this pest poses a threat for the
EPPO region.

The main host plants for this pest are citrus fruit trees
(lemon, tangerine and grapefruit). In addition, it may
infest about 200 species of plants from 81 families.
Most infested plants are trees and shrubs, but the host

list also includes vines and lianas as well as tall-grow-
ing perennial grasses with a tall stalk and a consider-
able number of ornamental plants. In New Zealand O.
hirta is mainly viewed as a pest of citrus fruit trees.
However, considerable damage to apple-tree gardens,
vineyards and persimmon was registered in the 90s of
the last century.

In general, this pest may infest over 40 species of
fruit plants, including apple-tree, pear-tree, cherry-tree,
plum-tree, peach-tree, grapes, walnut tree, persimmon,
almond-tree, blueberry as well as many foresters and
ornamental species of trees (poplar, birch, acacia, al-
der, elm, chestnut, pine, eucalyptus, wisteria, hibiscus,
genista, hawthorn, spindle, lilac, rose). Many of these
plants are grown in Ukraine (Table 1).

Spatial location of the majority of these plants in
Ukraine may be determined using Agro Atlas softwa-
re (Fig. 1).

Therefore, it was determined that the host-plant
range on the whole territory of Ukraine may provide
sufficient resources for the development of O. hirta.

While determining the possibility of establishment
of this pest in Ukraine using Maplnfo and Idrisi Taiga
software, the following climatic factors, which may
limit the pest development, were defined: the indices of
average annual air temperature, average temperature of
the warmest month (June) and the sum of active tem-
peratures exceeding 10 °C. The results of determining
Ukrainian territories, ecologically suitable for the de-
velopment of O. hirta regarding each limiting factor
are presented in Fig. 2.

It was determined that some climatic indices of the
Ukrainian territory are partially satisfactory for the de-

Table 1. Plants, which are endangered by lemon tree borer invasion in Ukraine

Fruit trees

Shrubs

Species of ornamental
and forest trees

Apple (Malus)

Pear (Pyrus)

Cherry (Prunus cerasus)

Plum (Prunus domestica)

Peach (Prunus persica)

Nectarine (Prunus persica var. nucipersica)
Walnut (Juglans)

Almond (Prunus dulcis)

Apricot (Prunus armeniaca)

Rose (Rosa)

Grapes (Vitis vinifera)
Hawthorn (Crataegus)
Spindle (Euonymus)
Lilac (Syringa vulgaris)

Wisteria (Wisteria)

Hibiscus (Hibiscus)

Blueberry (Vaccinium)
Gooseberry (Ribes uva crispa)

Poplar (Populus)
Acacia (Acacia)
Alder (Alnus)

Pine (Pinus)
Chestnut (Castanea)
Birch (Betula)

Elm (Ulmus)
Sycamore (Platanus)
Oak (Quercus)
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velopment of O. hirta in different regions. However,
judging by the combination of climatic factors the ge-
neral area of establishment is considerably smaller and
covers only the southern part of Odessa region, an in-
considerable part of south-western Mykolayiv region,
the south-western territory of Kherson region and al-
most the entire territory of the Crimean Peninsula.

T. leucotreta (Lepidoptera: Tortricidae) — false codling
moth, is a pest of fruit and field crops. The current area of
its distribution covers a considerable part of the African
continent [21]. In 1984, this pest was first found outside
its area, in the planting of macadamia nuts in Israel, and
in 2003 — on cotton and castor plant. In 2009, the pest
was registered in a greenhouse in the Netherlands, and
later — in Great Britain and Sweden. From 2001 to 2010
there were over 50 cases of interception of the pest in
citrus fruits, imported from South Africa to EPPO coun-
tries [22]. As to EPPO region, this pest has been found at
present on inconsiderable local territories, where cotton
and castor plants are grown in Israel.

Fig. 2. Ecologically suitable territories for the development
of Oemona hirta in Ukraine according to the indices of aver-
age annual air temperature (a); average temperature of the
warmest month — June (b); the sum of active temperatures
exceeding 10 °C (c); potential area of pest establishment in
Ukraine (d)

Table 2. Agricultural crops in Ukraine endangered by false codling moth

Host plants of the pest English name Family Crops grown in Ukraine
Capsicum spp. Pepper Solanaceae Pepper
Citrus reticulata & hybrids Mandarin orange Rutaceae
Citrus sinensis & hybrids Orange Rutaceae
Citrus paradisi Grapefruit Rutaceae
Gossypium spp. Cotto Malvaceae Cotton
Litchi chinensis Litchi, Litchee Sapindaceae
Macadamia spp. Macadamia Proteaceae
Mangifera indica Mango Anacardiaceae
Prunus persica Peach Rosaceae Peach
Prunus persica var. nucipersica Nectarine Rosaceae Nectarine
Persea americana Avocado Lauraceae
Phaseolus vulgaris Beans Fabaceae Kidney beans

Prunus armeniaca Apricot Rosaceae Apricot
Prunus domestica Plum Rosaceae Plum
Prunus cerasus Cherry Rosaceae Cherry
Psidium guajava Guava Myrtaceae

Punica granatum Pomegranate Lythraceae

Quercus robur Oak Fagaceae Oak
Ricinus communis Castor oil plant Euphorbiaceae Castor plant
Rosa sp. Rose Rosaceae Wild rose
Sorghum sp. Sorghum Poaceae Sorghum
Solanum melongena Eggplant Solanaceae Eggplant
Solanum lycopersicum Tomato Solanaceae Tomato
Vitis vinifera Grape Vitaceae Grape vine
Zea mays Maize Poaceae Corn
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d

Fig. 3. Ecologically suitable territory of Ukraine considering
different factors limiting the development of Thaumatotibia
leucotreta: in terms of air humidity (a); the sum of active
temperatures over 10 °C (b); the average multiannual mini-
mal temperature in July (c); d — potential area of pest estab-
lishment in Ukraine

It is believed that the distribution of this pest out-
side of Africa is limited. However, the intensification
of international trade and tourism increases the risk
of the pest entry to other countries and the probability
of its subsequent establishment in the new area, if
conditions are favourable. Since 1984, false codling
moth was found in 34 ports on 99 species of plants
over 1,500 times in the USA. In July 2005, living
caterpillars of this pest were found in the consign-
ment of the citrus fruits from South Africa, which
went through a preliminary cold treatment. Accord-
ing to the records of the National Phytosanitary Ser-
vice of the Netherlands, 7. leucotreta was detected
four times on the cut flowers of roses, imported
from Ethiopia, Tanzania and Uganda. Based on this
statistics of interception, in 2011 EPPO experts took
a decision to include this pest in the EPPO Alert list,
and in 2013 it was moved to the A2 List after the
PRA procedure.

False codling moth invades a wide range of agricul-
tural and decorative crops many of which are grown
in Ukraine (Table 2). Spatial distribution of the major-
ity of these plants in Ukraine may be determined using
Agro Atlas software (see Fig. 1).

The ecological correspondence of the territory for the
development of this species according to a number of
indices of climatic conditions in the area of the pest and
the potential area of establishment were determined us-
ing Maplnfo v.11,0, AgroAtlas and Idrisi Taiga soft-
ware, and presented in Fig. 3.
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The studies demonstrated that the potential area of T.
leucotreta in Ukraine may include inconsiderable terri-
tories of the Black Sea coast, Tarkhankut Peninsula and
Kerch Peninsula in the Crimea, the conditions of which
are suitable for the development of false codling moth
only during summer months.

CONCLUSIONS

The application of Maplinfo v.11.0, AgroAtlas
and ldrisi Taiga software is efficient to determine
the probability of establishment of adventive plant
pests in new, pest-free territories, and to define
the borders of their potential area of distribution,
which allows recommending this software for pest
risk assessment, especially when the quick proce-
dure is required.

It was determined that a potential area of establish-
ment of O. hirta in Ukraine is the southern part of
Odessa region, an inconsiderable part of south-western
Mykolayiv region, south-western territory of Kherson
region and almost the entire territory of the Crimean
Peninsula. A potential area for T. leucotreta in Ukraine
is an inconsiderable territory of the Black Sea coast,
Tarkhankut Peninsula and Kerch Peninsula in the
Crimea.
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Meta. Po3pobutn mpakTHYHY METOMOJIOTIIO OIIHKH HMO-
BIPHOCTI akiiMaru3ailii aJ[BEeHTHBHUX LIKIJUIMBUX OpraHis-
MiB B YkpaiHi (32 Mexamu IXHIX ICHYIOUHX apeaniB) 3a
BUKOPHUCTAHHS CIICI[iali30BaHUX KOMII FOTCPHHUX TMPOTPaM.
MeTtonu. MikHApOIHI CTaHAAPTH 3 aHANII3y QiTocaHiTap-
Horo pusuky ISPM Ne 2, ISPM Ne 11, ISPM Ne 21, PM
5/1(1), PM 5/2(2), PM 5/3(5), PM 5/5(1) i mporpamue
KoMIT'foTepHe  3abesmedenns Agro Atlas (Afonin et al.,
2008), Mapinfo v.11.0 (Pitney Bowes) Ta Idrisi Taiga
(Clarklabs). Pe3yabraTu. JIociipKeHO HAsIBHY KOPMOBY Oa-
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3y (pociuHHM-rOCTIONApi) i BIAMOBIMIHICTS E€KOKIIMATHYHHX
yMOB YKpaiHu (SK perioHy MpOBEICHHS aHali3y ¢itocaHi-
TapHOTO PU3HUKY) MOKAa3HUKAM Cy4aCHOTO apeaty IIKiJHUKIB
Oemona hirta (mumonnuit Bycau) i Thaumatotibia leucotreta
(mecripaBxHs s0TyHEBAa Milb) Ta BH3HAYEHO IOTCHITIHHI
30HM iXHBOI akimiMmaTtm3amii B Ykpaini. BucHoBkm. JloBe-
JeHO e(EeKTHUBHICTh 1 3pYYHICTh METOIIB aHANi3y PHU3HKY
akimiMarm3arii B YKpaiHi aJBeHTUBHUX IIKIIIUBUX (iTo-
¢dariB i3 3acTOCYBaHHSM KOMII'FOTEPHUX mporpam Agro
Atlas, MapInfo v.11.0 ta Idrisi Taiga. Bcranosieno, 1o
MOTEHIiHO0 30HOK0 akmimaru3arii O. hirta B Ykpaini €
miBaeHHa vactuHa Ojechbkoi 00y1acTi, HE3HAYHa YacTHHA
MIBACHHOTO 3ax01y MUKOIaiBChKOi 001acTi, MiBACHHO-3a-
XigHa TepuTopist XepcoHCchkoi obiacTi Ta Maibke BCs Te-
puropist Kpumcpkoro miBoctposa. [loreHuiliHuM apeasiom
T. leucotreta B Ykpaini € He3HAuHI TEpUTOPIl y30eperKs
YopHoro Mopst — miBocTpoBiB Tapxankyt Ta KepueHcbkuit
B Kpumy.

KuarouoBi cioBa: mpakTHyHa METOHOIIOTIS, aHali3 (itoca-
HITApHOTO pHU3KKY, akinimaru3aiis, Oemona hirta, Thauma-
totibia leucotreta.
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Hens. Pa3paboTare MpakTHYSCKYO METOMOJIOTHIO OICHKH
BEPOSTHOCTH aKKIIMMATU3AI[UH aJJBCHTUBHBIX BPEIHBIX Op-
raHu3MoB B Ykpaune (3a mpenenaMd UX CYIIECTBYROLIMX
apeaJioB) MpPU UCIMOJIb30BAHUH CIIEIHATN3UPOBAHHBIX KOM-
MBIOTEPHBIX TporpamMM. MeToabl. MeXayHapoIHBIC CTaH-
JapTHl TI0 TPOBEICHUIO aHal3a (PUTOCAHUTAPHOTO PUCKA
ISPM Ne 2, ISPM Ne 11 ISPM Ne 21 PM 5/1(1), PM 5/2(2),
PM 5/3(5), PM 5/5(1) u mporpaMMHOE KOMITBIOTEpHOE 00ec-
neuenne Agro Atlas (Afonin et al., 2008), Mapinfo v.11.0
(Pitney Bowes) u Idrisi Taiga (Clarklabs). Pesyabrarsl.
HccnemoBana wMmerommascs KopmoBast 6asa (pacTeHHs-XO-
35€Ba) U COOTBETCTBUE AKOKIMMATHICCKUX YCIOBHH YKpa-
MHBI (KaK 30HBI aHAITN3a (PUTOCAHUTAPHOTO PHCKA) TIOKA3aTe M
COBPEMEHHOTO apeaiia Ha mpuMepe Bpeaureneii Oemona hirta
(mumonnoro ycaua) m Thaumatotibia leucotreta (moxwnoi
SIOJIOHEBOI MOJIH) ¥ OTIPE/ICIICHbI TIOTCHITHATBHBIC 30HBI HX
aKKJIMMaTu3auu B YkpauHe. BoiBoabl. Jlokazansr addex-
TUBHOCTH M YAOOCTBO METOAOB OIEHKH PHCKa aKKJINMa-
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THU3aIUN B YKpawWHE aJIBEHTHBHBIX BPEAHBIX (puTodaros c
TMpUMEHEHUEM KOMITBIOTEPHBIX TIporpamMm  Agro  Atlas,
Mapinfo v.11.0 u Idrisi Taiga. YcraHoBieHO, YTO IMOTEH-
OUaJIBHON 30HOM akkinuMmaruszammu O. hirta seisercs rox-
Has yacTh Omecckoil 001acTH, HE3HAYNTEIBHAS YaCTh FOTO-
3amaga HukomaeBckoii 06macTy, 10ro-3amagHas TeppUTOpus
XepcoHCKoW 00T1acTH M TIOYTH BCs Tepputopust KpbiMckoro
nonmyoctposa. [ToreHnuanpbiM apeanom st T. leucotreta
CITy’)KaT He3HAYUTEIbHBIC TEPPUTOPHH MOOepekbs YepHOTO
Mops — nostyocTpoBoB TapxankyT u Kepuenckuii B Kpbimy.

K.]IIO‘leBLIe cJIoBa: HpaKTI/I‘-IeCKaH METOA0JIOTUs, aHaJIu3
(duTOCAaHUTAPHOTO pHCKa, akKiIuMaru3anus, Oemona hirta,
Thaumatotibia leucotreta.
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