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Annotatsiya

Magolada giobal ighm oZgarishiar sharcitida tangachaganotlil hashamtlarning targalish xususiyatiar Fargona
vodiysida fuf parvonasi misofida fahlil efiigen. So‘nggl 22 yil davomids fadgigol hududida minimal va maksimal
haroraining keskin ozganshian hilan bogiig fglim anomalyalan soni offgan. Tul plantatsivalarida ofib boriigan uzog
muddally fadgigobiar shuni ko'rsafdiki, mavsumiy exologik oZgarishlar futf parnvonasining populyatsiva dinamikasiga
seziiarli ta'sir ko'rsaladi. Aynigsa, 2002, 2008 va 2014-villardagr gish faslian, shuningdek, 2015 va 2021-yillaming bahor
fasiiandagl keskin soviugiar Keyingl mavsumiarda ful parnvenas populyatsiva zichiigining sezilani darajada pasayishigs
ofib welgan 2022-yil yozidagi haddan fashgar qurg'ogohiik va uzZog davom efgan vugor haroralli koniar ham fuf
parvonasining mafianish suratini chexlashi mumkiniigi kuzalilgan. Ushbu nalijalar giobal iglim o'zgarshiarl sharoitida
Zararkunanda fangachaganofli hahsarotiarga qarshi kurashishning moslashuvchan strategivalarnni ishiab chigish
raruriigidan dalolal beraai.

AHHOmMauus

B fawrold cmambe NpoSHaNUsUpoesHD cCODEHHOCMU DECTPOCTPSHEHUR YBIUVEKDEITEY & KoHmekcme
2No0ansEH020 UIMEHEHUR KNUMAME Ha NpuMene mymoend osxesky & Qepzaqcrol donuse. 3a nocnedHue 22 2ods &
ucocnedyeMomM DESUCHE  VCOUTUNUChE KTUMAMUYECKUE SHOMENUL, XSPaKMmEDUSYIoILUECH DEIXUMU KonmefsHumAmu
MUHUMANLHEX U  MaKCcUManeHelx memmepamyp  Mrozonemdue uccredosasus, MposedeHHele HE  MYMOssx
NRBHMAELURY, NOKS3&NU, 4MO CEI0HHBIE UIMEHENUR Oxpy¥amwel cpefnl CVUBCMSSHHD enurm Ha duxaMuky
AomyrALLL mymoeod ceHesKU. B YACHOCHIL, Pe3kue Noxomodarnus suMold 2002, 2008 u 2014 zodoe, & makwe eecHol
2015 4 2027 zodoe npueeny ¥ 3aMemMHAOMY CHUMEHURD NIOMHOCMU TOMYIALLLY & mocrnedyioliie ce3odsl. Hanpomue,
IKCMPpeMansHEe JaCiUNUesEe Yomoeus nemomM 2022 20da U nMpodomwUmenksHsie Nepuodsl eeICOXUY MeMIesamyD
AOdUepKRYIL  NOMEeHUUaT 3mMux Garkmopos OTR 02paHUYEHUS CKOPOCTU [E3EUMUR Mymosocl ozZHesky. 3mu
pespnsmamed nodvepyueaem Heolxodumocme paspadomil adanmuaHkly cmpameaud dns Sopsls! © spedumensnu
YelYeKDLINTLX & YONoeURx anodanshaly USMeHeHUD kUMama.

Abstract

This arficle analyzes the disirbution patterns of Lepidopterans in the confext of giobal climate change, focusing
on the mulberry moth in the Fergana Valley as a case study, Over the past 22 years, cimalic anomalies characlenzed by
sharp fiuctualions in minimum and maximum femperalures have increased in the study region Long-term sfudies
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conducted in mulberry plantations revealed that seasonal enviranmental changes sighnificantly infivence the popuiation
dynamics of the mutberry math. Nofabiy, sharp coid snaps duning the winfers of 2002, 2008 and 2014, as well a5 the
springs of 2015 and 2021, caused g marked dectine in popafation densidy in subseguent seasans Conversely, extreme
drought conditions during fhe summer of 2022 and prolonged high-temperature perods highlighted the potential of these
factars to fimit the development rafe of the mulbarry moth. These findings underscofe the necessiy of devising adaptive
strafegies to manage Lepidopteran pests amidst ongoing giobal ciimate changes.

Kalit so‘zlar: Farg'ona vodiysi Lepidopiera, Glyphodes pyioalis, Grapholifa malesta, iglim oZgarishi, targalish,
cheklovchi omillar.

Knoyeerie cnoga: Pepsarckan donuHa, Lepidoptera, Givphodes pyioalis, Grapholila molesta, UsMereHuUe
HNUMama, pacnpocmpaHeHUe, NUMUMUpYowLe akmope).

Key words: Fergana Vailey, Lepidoptera, Glvphodes pyioalis, Grapholita molesta, climate change, distrnbution,
limiting factors.

INTRODUCTION

The influence of environmental factors on the distnbution of various insect species is one of
the key topics in ecological research. This is especially true for Lepidoptera. which include a variety
of species that play an important role in ecosystems as pollinators and as pests of agricultural
crops. The expansion of the ranges of these insects depends on a number of factors, such as
climate conditions, availability of food resources, the presence of natural enemies, and landscape
changes. The influence of these factors can be both limiting and facilitating the development of
new territones.

In recent years, the influence of climate change on the population dynamics of harmful
insect species has emerged as a cntical issue for ensuring global food security in the 21st century.
Specifically, an increasing body of research highlights the role of rising global temperatures as a
key abiotic factor driving shifts in the gecgraphical and altitudinal distributions of phytophagous
insects. One of the primary concerns is that global temperature increases are expanding the
ranges of these pests, often toward higher latitudes and alfitudes. For example, it has been
projected that a global average temperature increase of 1°C could result in a northward shift of up
to 200 km in the range of many Lepidoptera species, with altitudinal shifts of up to 40 meters [1].

Based on this, the study of these aspects allows us to predict pessible changes in the
structure of fauna in response to global environmental changes, such as climate change or
anthropogenic impact.

LITERATURE ANALYSIS AND METHODOLOGY

A study conducted by leading researchers from the China Insect Pest Monitoring
Laboratory predicts that within the next 50 years, the global distnbution of the codling moth (Cydia
pomonelia) will expand. based on climate modeling data from 1989 to 2018 [2].

Similarly, the fig moth (Choreutis nemorana), which was historically confined to regions
from the Mediterranean to Asia and parts of southwestern, eastern Europe, and northwestern
Africa, has shown a notable range expansion since 2006, now moving toward northern Europe. A
comparable trend has been observed with the cotton bollworm (Helicoverpa armigera) in both
South and North America [3].

According to the results of international studies, due to global climate change, the
population ranges of such dangerous pests as potato moth and tomato moth will expand even
more [4].

Climate change observed on a global scale and anthropogenic factors also have an impact
on agriculture. Especially in recent decades, as a result of a threefold increase in the movement of
goods and people between countries, the spread of agncultural pests has become even more
intense. Every year, up to 40% of food crops pensh worldwide due to damage caused by pests and
plant diseases [5]

The mulberry moth (Glyphodes pyloalis Walker) is a widespread species in Southeast Asia
(Japan, Korea, Malaysia, China, India, Nepal, Pakistan} and is found in North America (USA -
Florida, Mississippi, Virginia, Mexico), and has been recorded in Azerbaijan, Georgia and Russia
[6]. In the second half of the last century, its range expanded northward through India and Pakistan
- across Afghanistan. The natural and climatic conditions of the region contributed to a sharp
increase in the number of the mulberry or "Afghan moth”, which led to its colonization of new
habitats and the formation of the "Afghan focus of distribution”. Moving north along the "Afghan
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winds" prevailing in the summer months, by the end of the 1990s the mulberry moth reached the
border of the Central Asian republics (Tajikistan, Turkmenistan, Uzbekistan, Kyrgyzstan) and Iran.
In Uzbekistan (Surkhandarya), the first significant damage to mulberry trees by the moth was noted
in 1993 Its first outbreaks in the Fergana Valley were discovered in the Altyaryk region in 1997 [7].

The article presents an analysis of the importance of environmental factors in the expansion
of the ranges of lepidopteran insects using the example of dangerous pests of the Glyphodes
pyloalis and the Grapholita molesta. The distribution of the mulberry moth was analyzed in the
pericd 2000-2022, based on research material collected in the termitories of mulberry plantations
and plantings of mulberry trees on the outskirts of fields and observations carried out in the
Fergana, Andijan and Namangan regions (Fig. 1).

The distribution of the Grapholita molesta was analyzed in the 2019 season in apple
orchards of the Uchkuprik distnict of the Fergana region.

In continuation of field observations and studies, the spread of the mulberry moth in the
Fergana Valley and the degree of intensity of this process, as well as its determining factors and
data on the directions of spread were studied separately by year and analyzed in comparison. The
obtained information, as well as the indicators of infestation by the mulberry moth in each region,
were studied and at the same time the breadth of the most dangerous spread of the pest was
identified. Additional data on the infestation of mulberry trees were obtained from the plant
protection centers of the Fergana, Andijan and Namangan regicns. Climate data for the period
2001-2022 were obtained from the Fergana Hydrometeorological Center, and a statistical analysis
was performed following G_F. Lakin [8].

B 4 ) &) W |
Fig. 1. 1- mulberry trees on the outskirts of fields (Fergana district. Satkak village), 2-
mulberry plantation (Ulugnar district, Sariksuv village), 3- mulberry trees on the outskirts of fields
(Sokh district, Sankanda village), 4- mulberry trees on the outskirts of fields (Fergana distnct,
Shakhimardan village), 5- damage to a mulberry branch (Mingbulak district, Karashahar village).
RESULTS

Our analysis of climate trends in the study area over the past five decades, based on data
from the Fergana Hydrometeorological Center, revealed that the average annual temperature
during the periods 1971-2000 and 2001-2022 differed by +1.1°C (Table 1).
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Table 1
The difference in average monthly air temperature in 1971-2000 and 2001-2022 in the Fergana
region (in °C)
Months r_=u
Years oyl m v | v v v v | x| x| x| x E

1971-2000 | 0,7 |15| 83 | 161|208 |253|273| 253|203 |135| 7 | 1,7 [13.9

2001-2022 | 06 |3,7| 106|168 221|262 281|266 215|141 70| 1.8 | 150

) 1

Difference | 1,6 |22| 23 |07 |13 | 0% | 08 | 13 |12 |06 |00]| 01 |#+11

A statistical analysis was conducted to examine changes in the average monthly
temperature in the Fergana region over the period 2001-2022. The results indicated a marked
increase in climatic anomalies characterized by sharp fluctuations in both mimimum and maximum
temperatures. These vanations have contributed toc unstable seasonal weather patierns, which in
turn have influenced the distribution of lepidopteran pests.

In particular, over the past two decades, fluctuations in the population density of the
mulberry moth (Glyphodes pyloalis) in mulberry plantations in the Fergana Valley were observed,
with these fluctuations closely linked to seasonal environmental changes [9]. The onset of relatively
warm and dry winters in the valley has been associated with increased population densities of the
mulberry meth in the following season. Notably, favorable weather conditions during the years
2001, 2002, 2004, 2005, 2006, 2007, 2010, 2011, 2018, 2019, and 2020 corresponded with
significant outbreaks of the mulberry moth in the Fergana Valley. During these years, large-scale
damage to mulberry plantations was reported, particularly in central and western Fergana.

Conversely, periods of extreme coid, such as those expenenced during the winter months
of 2002, 2008, and 2014, as well as in the spring months of 2015 and 2021, were associated with a
noticeable decline in the population density of the mulberry moth in subsequent seasons. However,
despite these cold spells, localized populations of the pest remained in cerfain areas, particularly in
central Fergana and the western regions.

Anomalous climatic conditions were also observed during the summer of 2022, when
temperatures in the Fergana Valley were significantly higher than average for prolonged periods.
Between July 22-26 temperatures in the eastern part of the valley exceeded 40-41°C, while the
southern regions experienced temperatures ranging from 41-42°C during the same period. The
western regions saw temperatures around 41°C between June 26-28, and between July 21-27,
temperatures reached 41-43°C. In Central Fergana, the last week of June recorded temperatures
above 41°C, and the final ten days of July saw temperatures ranging from 42-44°C. These extreme
heat conditions, coupled with prolonged dry spells, may have acted as a limiting factor on the
spread and development of the mulberry moth.

MNotably, despite the extreme heat in 2022, the mulberry moth's population density
remained low in Central Fergana and the western regions-areas typically characterized by stable
pest populations. In these regions, damage to mulberry trees was minimal by the end of the
autumn season. However, in the northern, eastern, and southemn parts of the valley, particularly in
the adyr and foothill zones, new foci of relatively stable mulberry moth populations were observed
(Fig. 1).

From the results of our research on the spread of the mulberry moth in the Fergana Valley,
conducted by us over a period of more than 20 years in recent years, it became known that the
most significant factors in the expansion of the pest's range were anthropogenic factors, as well as
wind, focd plant and temperature factors. Among the mentioned factors in the spread of the
mulberry moth, a special place belongs to the wind blowing in the direction of the east of the valley.
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Among the menticned factors in the spread of the mulberry moth, a special place belongs to the
wind blowing in the direction of the east of the valley. In particular, if in the vegetation season of
2001 the mulberry moth was distributed at a distance of 73 km from the center of distribution to the
north of the valley (Namangan region Yangikurgan district), then in the temitories close to the
eastern border (Andijan region Kurgantepa district) this pest spreads at a distance of up to 127 km.
If during 1997-2001 The average annual speed of spread of the mulberry math towards the eastern
zone of the Fergana Valley was 25 4 km, while in the north direction this figure was 14.6 km, and in
the south 7.8 km.
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Fig. 1. Spread of the mulberry moth in the Fergana Valley (2022)

In this regard, the situation observed in the 2019 season also fully confirms the above
opinion. In particular, in our studies conducted this season in the apple orchards of the Uchkuprik
district of the Fergana region, the Grapholita molesta that flew onto a white cloth illuminated by a
special lantern were sprayed with white phosphorescent reflective paint; the butterflies attracted by
the light of the lanterns were noted at different distances, starting from the specified point. As a
result of the studies, it was found that the butterflies during the egg-laying period fly within the
orchard at a distance of up to 200-300 meters, and that in one evening they are able to spread in
the direction of the wind up to 2-5 km (Oksu village, 27.07-18.10.2019).

CONCLUSION

Against the background of global climate change, the processes occurring in the
agroecosystems of the Fergana Valley, including unstable changes in seasonal weather
conditions, have also affected the distribution of Lepidoptera. In studies conducted in mulberry
plantations of the Fergana Valley over the past 25 years, fluctuations in the population density of
the mulberry moth associated with seasonal changes in environmental factors were noted. The
observed sharp cold snaps in the winter of 2002, 2008, 2014, as well as in the spring months of
2015 and 2021, caused a noticeable decrease in the population density of the mulberry moth in
subsequent seasons. The onset of relatively warm and dry winters in the valley has been
associated with increased population densities of the mulberry moth in the following season. In
conirast to the above-mentioned cases, the observed dry climate conditions, as well as the
prolonged effect of days with maximum temperatures in the summer season of 2022, indicate the
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possibility of their serious influence as a factor limiting the rate of development of the mulberry
moth.
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