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BIOECOLOGICAL FEATURES OF APPLE ERMINE MOTH
IN THE DZUNGAR AND TRANS-ILI ALATAU

The article describes results of the study of bioecological development features of the apple ermine
moth Hyponomeuta malinellus Zell. in the Trans-Ili Alatau and Dzungar Alatau state national parks.
The work’s main objective is to reveal the factors influencing the pest development, determine the
phenological and environmental characteristics, and identify the most vulnerable development stage
of the apple ermine moth Hyponomeuta malinellus Zell., in order to apply appropriate timely measures
controlling the pest. In the course of the study, the exact dates and abiotic factors were established. The
results of the study activity of apple ermine moths were summarized, and a phenological calendar for the
development of this pest has also been compiled. The pest developed in one generation, in the foothill
zone of the Almaty region on the territory of the Trans-Ili Alatau and Dzungar Alatau state national parks
in 2018-2019. The duration of the particularly dangerous period of the pest, depending on weather
conditions, is from 37 to 45 days. In order to fight this pest, accurate knowledge of the phenological and
environmental data is very important. During the 2018-2019 vyears, the pest, under conditions of the
foothill zone of the Almaty region, in the area of the Trans-lli Alatau and Dzungar Alatau state national
parks, developed during one generation. The period particularly dangerous for the pest lasts 37 to 45
days, depending on weather conditions. To control the pest, scientists need to have accurate phenologi-
cal and environmental data.

Key words: ermine apple moth, the Sievers apple, the Dzungar Alatau, the Trans-Ili Alatau.
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JXKoHrFap xoHe Ine AraTayblHAAFbl aAMa KYMECiHiH, AAMYbIHbIH, 6M03KOAOTUSIABIK,
epexieAikrepi

Makanraaa Iae Aaatay >xeHe YKoHFap AAatay MEMAEKETTIK YATTbIK, TabUFM NMapKTepPiHiH, aymMarbiHAQ
aAMa kyreciHiH Hyponomeuta malinellus Zell. 6103K0AOrMSIAbIK, epeKLIeAiKTepiH 3epTTey HaTUXEeAepI
TYpaAbl MOAIMETTEP KEATIpiAreH. 3epTTeyAiH Herisri mMakcatbl — OYA 3MSHKECTEPAIH AamyblHa acep
eTeTiH PaKkTopAapAbl aHbIKTay, (DEHOAOTMSIAbIK, >KOHE 3KOAOTMSIAbIK, €peKLUEAIKTEPIH 3epTTey,
CuBepc aAMa arallblHbiH aAMa kyreci Hyponomeuta malinellus Zell. 3usHkeciHe Kapcbl yakTbiAbl
6aKpblAay LIAapaAapbiH KOAAQHY YLLUiH aAMa KYMECiHiH eH OCaA CaTbiCblH aHblKTay OOAbIM TabblAQAbI.
Epecek catbicbl 6OVbIHLLIA TYPAEPAI aHbIKTay >kKoHe (DEHOAOTMSIAbIK, AaMyAbl GakbiAay YLIiH AEPHBCIA
CaTbIAQPbIH ©CIpy 8AICI KOAAAHBIAABI. AEpHBCIA CcaTblAapblHbIH, MOP(OAOIUSAbIK, epeKLIeAiKTepiH
>K8HE OAAPAbIH AaMy MeP3iMAEPIH 3epTTey YiliH OCbl TYKbIMHbIH 8P AEPHBCIA Xacbl 6akplraysa OOAAbI.
3epTTey 6apbICbIHAQ aAMa KYMECiIHIH AaMyblHa 8Cep eTETIH HAKTbl YaKbIT MeH abMOTUKaAbIK, hakTopAap
aHbIKTaAAbl. AAMa KyMeciHiH Aamy 6apbiCbl KapacTblPbIAAbl, COHbIMEH 6ipre OCbl 3USHKECTEPAIH,
AaMYbIHbIH, (DEHOAOTMSIABIK, KYHTi36eCi AaiblHAQAADBI. AAMaTbl 0BAbICHIHbIH, Tay BGekTepiHae Iae Aaatay
MeH JKoHFap AAatay MEMAEKETTIK YATTbIK, TabuFn casibakTapbiHbIH ayMarbiHAQ aama Kyreci 2018-2019
JOK. 6ip OYbIHAQ AaMblAbl. Aya parbliHa GaiAaHbICTbl 3USHKECTEPAIH aca KayinTi Ke3eHiHiH y3aKTbifbl
37-AeH 45 KyHre AeniH co3blAAbL. ByA 3ngHKecTepMeH Kypecy YLUiH (DEHOAOIUSABIK, )KOHE 3KOAOTUSAbIK,
MOAIMETTEPAI ABA BiAY ©6T€ MaHbI3AbI.

Ty#iin ce3aep: aama kyiieci, CuBepc aamachbl, YKoHrFap Aaaray, Iae AaaTay.
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buoskoaornyeckme ocob6eHHOCTU pa3BUTUSI SOAOHHOI FOPHOCTaeBOW MOAU
B JKoHrapckom u 3amamniickom Aaaray

B cTaTbe npuBeAeHbl AaHHblE O pe3yAbTaTaxX MCCAEAOBAHWMS GMO3KOAOTMYECKMX OCOBEHHOCTEN
pasBuTUS I6AOHHOM ropHocTaeBot MoAM Hyponomeuta malinellus Zell. Ha Ttepputopumn Uae-
AAaTayckoro u >KoHrap AAaTayCKMX TFOCYAQPCTBEHHbIX HaUMOHAAbHbIX MapkoB. OCHOBHOM LeEAbtO
MCCAEAOBAHMS IBASIETCS yTOUHEHWeE (haKTOPOB BAMSIHMS Ha Pa3BUTHE AQHHOTO BPEAMTEAS, ONPeAEAeHne
(hEHOAOTMYECKMX U IKOAOTUYECKMX OCOOEHHOCTEN, BbISIBAEHME CaMOW YSI3BMMOWM CTaAaMu SOAOHHOM
ropHocTaesoit MoAan Hyponomeuta malinellus Zell. aas npumeHeHns cBoeBpemeHHo Mepbl GopbObI
C AQHHbIM BpeauTeAaem 56A0HM CuBepca. B LieAsx BUAOBOro onpeAeAeHus no B3pocAon dase u AAS
npoBeAeHUs HABAIOAEHNIA 32 (DEHOAOTMUYECKMM Pa3BUTUEM MPUMEHSAACh METOAMKA KYABTVBMPOBAHMS
AMUMHMYHBIX CTaAMIA. AAS U3YUeHUs MOPGOAOrMUYECKMX 0COOEHHOCTEN AMUMHOYHBIX CTAAMIA U CPOKOB
MX Pas3BUTUS (PUKCMPOBAACS KaXKAbIA AMMMHOYHDIM BO3PacT 3TOr0 BMAQ.

B xoae nccaeaoBaHMs GbIAM YCTAaHOBAEHbBI TOUHbIE AQThl M ABMOTUYECKME (DAKTOPbI, KOTOPbIE BAUSIOT
Ha pasBuTME IOAOHHOM ropHOCTaeBon MoAM. OOO6LLEHbI PE3YALTaTbl MCCAEAOBaHMS AESITEABHOCTM
s16AOHHOW rOPHOCTAEBOI MOAM, Tak>Ke OblA COCTaBAEH (DEHOAOTMUYECKMIT KAAEHAAPb PA3BUTHS AQHHOTO
BpeAnTeAsi. B ycaoBuMsIX MpeAropHoi 30HbI AAMaTMHCKOM 0O6AAcTM Ha TeppuTopumn Mae-Aaatayckoro
1 XKoHrap AAaaTayCkux rocyAapCTBEHHbIX HaUMOHAAbHBIX MapkoB BpeAnTeAb pa3BuBaAcs B 2018-2019
IT. B OAHOM MOKOAEHUW. [TPOAOAKMTEABHOCTb 0OCOHO OMACHOrO MEPMOAA BPEAUTEAS B 3aBUCMMOCTHM
OT MOrOAHBIX YCAOBMIA COCTaBASIET OT 37 AO 45 AHeit. B ueasx 60pbObl C AQHHbIM BPEAMTEAEM TOUYHOE

3HaHWe PeHOAOrMYECKMX M IKOAOTMUYECKMX AQHHbIX OYeHb BaXkKHO.
KAroueBble caoBa: 16A0HHasi ropHOCTaeBast MOAb, 16A0Hs CuBepca, XKoHrap Aaartay, 3auAMMCKMiA

Anaray.

Introduction

The Sievers apple tree is a valuable gene pool,
and the study and preservation of diversity of its
forms for the present-day and future selection, re-
forestation, and forest cultivation is an urgent task
(Yan, Han, Mei, 2016: 683-689). Special value of
the species is that it is the keeper of a unique germ-
plasm, the ancestor of many cultivars (Ainabekov,
Turekhanova 2015:15-28; Harris, Robinson, Ju-
niper, 2002:426-430; Morgan, Richards, Dowle,
2002:316). Modern genetic studies of approxi-
mately 2,500 modern apple varieties indicate that
the Sievers apple tree is the progenitor of almost all
varieties of domestic apple trees. Paleontological
data show that this apple tree species originated in
the middle of the Cretaceous period, i.e., has an age
of approximately 165 million years (Forsline, Ald-
winckle, Dickson, Luby & Hokanson, 2003: 1-61).
The study has top actuality as over the past few de-
cades the range of the wild population species has
significantly decreased due to state economic activi-
ties, genetic and environmental pollution, as well as
the emergence of dangerous pests around the area.

The range of the Sievers apple tree in Kazakh-
stan covers the mountainous regions of the east,
southeast and south of Kazakhstan, extending from

Tarbagatai to the Western Tien Shan. The main wild
apple forests are located in Tarbagatai (the area of
about 300 hectares), the Dzungar Alatau (3800 ha),
the Trans-I1i Alatau (1300 ha) and the Western Tien
Shan (Dzhangaliev, Salova, Turekhanova, 2007:
32-35). In the Western Tien Shan, the apple tree is
found in small groves scattered across the gorges;
there is only one large massif (50 ha) titled the “Kara
Alma” grove, in the Aksu river canyon of the Aksu-
Zhabagly reserve. Among species of the genus Ma-
lus Mill., the Central Asian wildly growing Sievers
apple tree possesses the large intraspecific diversity
(Ponomarenko, Nazirov, 1990: 8-13), a wide range
of variability in biological features, winter hardi-
ness, drought and heat resistance, and immunity to
pests and diseases.

In the middle of the XX century, wild apple
trees in the Dzungar and Trans-Ili Alatau were in
the focus of studies by the researcher A.D. Dzhan-
galiev, who considered the Sievers apple tree within
the mountain system of Kazakhstan at the phytoce-
notic, species and population levels. The scientist
established the fact of high polymorphism and ge-
netic duplication of the local forests (Dzhangaliev,
Salova, Turekhanova, 2003: 305-370, Cornille,
Giraud, Smulders, Roldan-Ruiz, Gladieux, 2014:
57-65).
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Justification of the choice of articles and goals
and objectives

According to experts, the situation is already
close to critical, as the unique intraspecific diversity
of Kazakhstan populations of wild apple trees to
date was intensely reduced, impoverishing the value
of its gene pool. It is a hard task to restore these
assets naturally, because many local populations of
apple tree are practically deprived of the possibility
to regenerate naturally. In addition, the direct prox-
imity of cultivated apple orchards to wild popula-
tions of fruit forests represents a threat. The buffer
protection zone framing the natural populations is
often not maintained. In addition to alien plant spe-
cies, insect pests and diseases of wild apple trees
and other wild fruit plants endanger the wild fruit
forests (Igembaev, Stepanova, 2016: 116-118).

The early seasonal defoliation of trees is espe-
cially hard for a fruit tree organism, since it impacts
the radial growth of trees, causing its significant
decrease over the course of several years after the
outbreak of pests (Mukhamadiev, Mazarzhanova,
Ashikbaev, 2013: 54-62). Such harm to conditions
of tree growth breeds pathogenic fungi, bacteria and
insect pests on the trees, which, in their turn, facili-
tate further drying of the trees.

One of the main conditions for protecting plants
from pests is timely application of various complex
measures based on the phenological data (Dobro-
volsky, 1961: 67-83). The precaution and prediction
of the time of appearance and development of harm-
ful insects is the chief, complex task, which, arming
with the modern methods, should adjust to accurate
timing of insect pest development in order to pre-
vent it. It is important to note that the Yponomeuti-
dae family of the Lepidoptera order occupies a spe-
cial place among other insect pests (Turekhanova,
Tanabekova, 2018: 90-97).

It is worth noting the need to study the phenolo-
gy of the ermine apple moth Hyponomeuta malinel-
lus Zell., since this representative family of ermine
moths causes significant harm to fruit crops.

In the nature, there are a huge number of various
harmful insects which destroy fruits and leaves of
fruit croppers. One of the main and permanent pests
of Kazakhstan is the apple ermine moths which dis-
perses and reproduces in the mountain apple forests.
Notably, in 1958 there was an outbreak of mass
breeding of the moths in West Kazakhstan.

In 2016, there was a noticeable increase in num-
ber and scale of damage to apple trees from this
monophage, the apple moth (Hyponomeuta malinel-
la Zell.), as well as from the bird cherry from the
bird cherry moth (Hyponomeuta evonymella L.).
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Visual examination of apple tree plantations allows
noting the tachina flies, which indicate an increase
in number of apple and bird cherry moths.

The ermine apple moth (arachnid moth) lives
in the southern and central parts of Western Eu-
rope (Cossentine, Kuhlmann, 2002: 275-278). In
the CIS, it occupies only the European part but
also was introduced to Central Asia, Kazakhstan,
and Transcaucasia.

The front pair of wings is white with three
irregular rows of black dots; wingspan is 16-22
mm. The egg is elongated oval, oblate, yellowish.
Caterpillars are yellow, 13-16 mm long at the age
IV. The pupa of the apple ermine moth (arachnid
moth) is orange-yellow, then turning greenish-
yellow with a dark brown head. Cocoons are dense,
white. Adult moth leads nocturnal life. During the
season, the butterfly is capable of laying up to 150
eggs, which are placed on branches of fodder plants
in groups (15-60 pcs.) near the buds, covering them
with a reddish shield of hardening mucus, which
later turns brown. Egg development lasts 8-15 days.

Scientific research methodology

The studies were carried out employing labora-
tory analysis methods, route and stationary inspec-
tions of the Sievers apple plantings located in the
Ile-Alatau and Dzungar Alatau state national parks.

In the Dzungar Alatau, the optimal zone for
growing the Sievers apple is at an altitude of 1,200-
1,500 m asl on northern slopes and at 1,200-1,600 m
on southern slopes. In the Trans-Ili Alatau, apple tree
lives at 900-1,500 m asl and 1,500-1,700 m on the
southern slopes. The optimal conditions for growing
wild apples in the Trans-Ili Alatau were observed on
northern slopes of the mountains at an altitude of
1,300-1,600 m.

The objects of research were leaves populated
by pests at different stages of development: larvae
of different ages, pupae and imago. The studies were
conducted under laboratory and field conditions dur-
ing the 2018-2019 years.

To establish the species of pests were used: iden-
tifiers of agricultural pests, harmful and beneficial
insects; guidelines and guidance (Guidelines for
phytosanitary and toxicological monitoring of fruit
species and small fruits, 1999: §3).

During field observations and collecting, the
butterflies and larvae were placed in 0.5 I glass jars
or glass tubes, larvae were taken with leaves of the
Sievers apple tree where they were found. Leaves of
the Sievers apple tree infected with the larvae were
also placed in separate glass tubes. These holding
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cages were marked with serial numbers; data about
the place and time of collection, about the plant, the
nature of its damage and other were registered in a
log. Subsequently, the larvae were re-placed into
separate tubes for shedding and keeping.

Under laboratory conditions, tubes containing
twisted leaves were covered with gauze and labeled.
The keeping and feeding of larvae in test tubes were
carried out under strict control and humidification,
necessary for normal development of larvae. To this
end, the glass wares with larvae were placed under
direct sun rays for short time only to avoid fogging
up. The excess in humidity and heat negatively im-
pacts the larvae development.

To identify the species, the biological samples
were examined with a binocular and photographed.

Results and discussion

An indispensable condition for successful
protection of apple trees against the apple ermine
moths Hyponomeuta malinellus Zell. is the onset
during the most vulnerable development stages
opening an optimal time for the treatment. This
requires knowing exact dates of the following stages
in the pest development:

— start of the mass imago flight;

— start of the mass egg laying;

start of the mass larvae hatching (Fig. 1).

Figure 1 — Development stages of the apple ermine moth:
1,2, 3, 4 —larvae; 5 — pupation; 6 — imago

The 1957-1962 studies established that larvae
of the apple ermine moth intrude into unfurling buds
and appearing leaves in the second decade of April,
live inside leaves, then pass on to leaves and keep
in groups in a web nidus. Their pupation occurs in
the second decade of June. The mass flight of imago
of the ermine apple moth begins in the late June.
Larvae hatch in mid-August (Yukhnevich, Mateso-
va, Mityaev,1958: 9-38). Currently, these indicators
have largely changed. Hence, it is necessary to take
into account the climatic conditions of the Trans-Ili

Alatau and to re-specify the features of the apple er-
mine moth’s individual development. A significant
part of the larvae of the apple ermine moth during
the periods of autumn, winter, spring dies from the
effects of adverse abiotic and biotic factors. At that,
their survival depends on the physiological state
while preparing to the cocooning, as well as on the
choice of wintering sites (Genger, 2003: 43-46).
The overwintered larvae of the first age appear
on May 45" at the average daily temperature
above +13 °C. Larvae start living in the open on
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10™-12" day, after the first shedding. Larvae com-
pletely eat out the laminae to the base of the veins.
They make web niduses by waving together a pair
leaves. During the period of active development,
the larval stage lasts 37-45 days, and with the win-
tering time, it amounts to 300-320 days.

When breeding en mass, the larvae of apple moth
damage fruit trees tremendously, so that strongly in-
fected trees may not bear fruit for several years. In
addition, the affected trees weaken, get vulnerable,
have low tolerance to under-zero temperatures and
can perish in frosty winters.

The pupation period coincides with the time
of dropping the excess ovary, in the second de-
cade of June. Pupa develops 8 to 15 days (occa-

sionally up to 20). Pupation proceeds in dense,
white, opaque cocoons connected in compact
packets that can contain up to several hundreds
of cocoons. Butterflies live 20-30 days and are ac-
tive from the end of June until August, at this time
they do not require additional nutrition (Jonaitis,
2001: 319-325). Their active flight is observed in
twilight hours, and during the daytime they hide
on the underside of laminae. Mating occurs 2
weeks after leaving the pupae, and after another
5-6 days, butterflies begin laying eggs (table 1).
The female apple moth lives on average about a
month, the male about twenty days. Larvae hatch
in 8-15 days and winterise under moisture-proof
shields (Lee, Pemberton, 2005. 247-258).

Table 1 — The phenogram of the apple ermine moth Hyponomeuta malinellus Zell., 2019.

April May June

July August Wintering

I II I I II 1 I II 11

I IT I I II I

- Q Q Q Q Q Q Q o

o+ o+ 40 +0 40 +0 -

O — pupae;
+ — imago;

0 — egg laying;
Q —larva;

- — diapause (wintering stage);
A — especially vulnerable period.

Table 1 shows the most vulnerable stage in the
pest development and the most convenient time for
combating this pest — it is the stage of larvae which

appear in the area starting from the first decade of
May to the second decade of June. According to our
observations, the mass flight of imago is often ob-
served after precipitations. Adults insects lead an ac-
tive nightlife, flying out at dusk (at air temperatures
above +15°C), and during the daytime they hide in
tree leaves, attaching to the leaf underside). Table 2
shows the data of laboratory phenological observa-
tions over the apple ermine moths in the Trans-Ili
and Dzungar Alatau during 2018-2019.

Table 2 — Phenology of the apple ermine moth Hyponomeuta malinellus Zell., 2019

Phenological phases Date Daytime temperature, T°C Relative humidity, %
start of the 1% age larvae hatching from 14-15.04. 13 45
overwintered eggs
the 1% age larvae mass hatch_ing and the 10-12.05. 23 39
start of active nutrition
start of pupation 21-22.06. 29 32
mass pupation 01-02.07. 31 23
start of the imago flight 05-06.07. 30 30
mass imago flight 11-12.07. 32 33
start of the egg laying 21-22.07. 33 21
mass egg laying 01-10.08. 34-35 21
larvae hatching 20-30.08. 33-34 18
start of the diapause 01-02.09. 29 26
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Duration of the development stages for the
apple ermine moth in the Trans- Ile and Dzungar
Alatau, according to 2018-2019 observations
is as follows: the full life cycle lasts 1 year (one

generation), including 8-15 days of the egg stage,
37-45 days of larvae (including the 300-320 days
of wintering), 8-15 days of pupa, and 30 days of
imago (Figure 2).

€ e

=== \|ass hatching of larvae ==@==Mass pupation

=== \ass egg laying

=== arvae hatching

oc oc
Mass flight of imago

Beginning of diapausa

Figure 2 — Influence of temperature (°C) on development of the apple ermine
moth Hyponomeuta malinellus Zell., 2019

Conclusion

This type of pest affects all species of apple
trees, and in some cases breeds on pear trees. The
greatest harm is done in the forest-steppe and steppe
regions. The leaves damaged by larvae have brown
tops. During mass breeding, leaves can be eaten up
till complete exposure of the trees, while the apple
trees drop almost the entire ovary, and the remain-
ing fruits stay small. In some cases, the yield may
be completely lost. Affected trees become more ex-
posed to adverse environmental factors, which lead
to fall in overall resistance, depletion of trees and
reduced fruition in subsequent years. An effective
fight of the apple moth rests on the knowledge of its
biological characteristics.

As a result of the studies, carried out during
2018-2019, authors revealed that with the end of
winter the larvae of the first growth begin emerg-
ing in the midlands at an average day temperature of
+13 °C. In about 37-45 days, they go to the pupation
stage at an average day temperature of +29°C. This
stage of development lasts about 8-15 days. Mass

pupation occurs in the first ten days of July at an
average daily temperature of +31°C. The first imago
appear in the first ten days of July at a temperature
of +30°C. Mass flight of imago is observed a week
later, at an average day temperature of +32°C. Adult
life spans of female apple ermine moth is about a
month, of male about 20 days. The research revealed
that mass egg laying occurs in the late July. The ap-
ple ermine moth winters as larva of the first growth.

The apple ermine moth Hyponomeuta malinel-
lus Zell. is a monophage, and as such is particularly
dangerous species for apple trees, its main range.
The resistance of the Sievers apple tree to diseases
and pests is well known, nevertheless, the Sievers
apple tree population in the Dzungar Alatau is dam-
aged by 58%, in the Trans-Ili Alatau by 36%, the
Dzungar Alatau being under larger damage by the
apple ermine moth.

Acurate knowledge of the phenological and en-
vironmental data is crucial for combatting this pest.
Upon the establishment of appropriate phenologi-
cal data, measures of the mechanical, biological or
chemical control can be applied.
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