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ABSTRACT. The content of microplastics (MPs) was monitored in natural populations of blood-sucking
mosquitoes of the genus Aedes (Meigen, 1818) at different mosquito life cycle stages in the environs of
Tomsk (Western Siberia, Russia) across various biotopes (meadow swamps, forest bogs, sphagnum bogs)
for three years (2021-2023). A total of 990 mosquitoes were analyzed for MP content. The detected MPs
varied in shape and size, ranging from 0.1 to 1 mm. The average number of MPs per mosquito individual
increased from 0.012 + 0.003 in 2021 to 0.191 = 0.087 in 2023. The MP content increased from lar-
val stage I to larval stage III, decreased at stage IV, and then decreased at pupal and imago stages. The
highest MP content was recorded in mosquitoes from sphagnum bogs, while the lowest one was found
in insects from meadow swamps. No statistically significant differences were revealed across biotopes.
Black fragments and fibers <0.5 mm in size were predominant. The analysis revealed a general trend
in which the number of MPs increases annually, particularly small black fragments (tire and road wear
particles). This increase may be attributed to the proximity of roads that contribute to MP pollution
in nearby water bodies, as well as degradation of synthetic textiles resulting in the release of MPs and
anthropogenic fibers via sewage effluents. The obtained data indicate a wide distribution of MPs in nat-
ural populations of Aedes mosquitoes and confirm the urgent need for further research into the effect of
MPs on their biology and the role of these insects as pollution indicators.
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1. Introduction Microplastics (MPs) are tiny plastic particles mea-

suring up to 5 mm along their largest axis (Thompson
et al., 2004). Microplastics originate mainly from the
degradation of larger plastic products due to natural
factors such as ultraviolet radiation, temperature fluc-

) ' tuations, and mechanical impact (Royer et al., 2018).
However, a widespread use of plastic products and The primary MP sources include car tire wear, syn-

inadequate management of plastic waste have become thetic fabrics, cosmetics, packaging materials, and
one of the most serious environmental issues of our industrial waste (Fendall and Sewell, 2009; Kole et
time. According to numerous studies, the annual global al., 2017; Akbari et al., 2024). A significant portion of
production of plastic exceeds 400 million tons (Geyer MPs is transferred to the environment through waste-
et al., 2017). A significant portion of plastic materials is water, spreading across aquatic and terrestrial ecosys-
not recycled or properly disposed, contributing to their tems (Browne et al., 2011). This raises great concern,
long-term' persistence in the environment f(?r decades as these particles can potentially enter food webs and
to centuries. Mismanaged plastic wastes migrate and affect a wide range of living organisms, from primitive

jclccum}llate in various components of Fhe biosphere, single-celled microorganisms to highly evolved verte-
including water, soil, and fresh and marine water bod- brates (Wilcox et al., 2016; Botterell et al., 2019).

ies (Thompson et al., 2004).

Plastics are integral to modern society. Synthetic
polymers are found in almost every sector, from indus-
try, construction, and transportation to medicine, pack-
aging, and everyday items (Andrady and Neal, 2009).
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Microplastics are a relatively inert material,
however, various additives such as stabilizers, flame
retardants and dyes that manufacturers add to plastic
to improve their performance can be toxic and increase
harmful effects of MPs on living organisms (Pilapitiya
and Ratnayake, 2024). Although MP uptake does not
induce acute lethal effects, it can lead to chronic dis-
orders, including mechanical tissue damage, develop-
mental delay, waning immunity, gut dysbiosis, and
reproductive disorders (Wright et al., 2013; Sussarellu
et al., 2016).

Insects play a vital role in maintaining biodiver-
sity and stability of natural ecosystems. They are the
most numerous group of animals, comprising approx-
imately 80% of all known animal species. Insects per-
form important functions: they pollinate plants, regu-
late pest populations, decompose organic matter, and
serve as a source of food for other animals (Seki, 1986).
Amphibious insects represent a unique link in ecosys-
tems, since they undergo different stages of metamor-
phosis in both aquatic and terrestrial ecosystems. Their
larvae are involved in the filtration of organic matter
and can be used as bioindicators for assessing the eco-
logical status of water bodies, responding rapidly to
environmental changes, particularly those caused by
harmful substances and pollutants (Yee and Kaufman,
2019). This ability makes them promising candidates
for studying the effects of MP pollution (Ehlers et al.,
2019).

At present, no comprehensive data are available
to track the long-term dynamics of MP accumulation in
amphibious insects. The number of studies addressing
this problem is limited, and Western Siberia remains
virtually unexplored in this regard.

In this study, natural populations of mosqui-
toes of the genus Aedes (Meigen, 1818) were used as a
model object to monitor MP accumulation in insects of
Western Siberia. This taxon is common for various eco-
systems, and exhibits a high abundance and diversity
of species. In addition, it is of epidemiological signifi-
cance, being a carrier of viral, bacterial and helminthic
diseases (Dobson and Foufopoulos, 2001; Bhatt et al.,
2013).

The aim of the study was to analyze the dynam-
ics of MP accumulation in the bodies of insects
during metamorphosis, using natural populations of
blood-sucking mosquitoes of the genus Aedes (Diptera:
Culicidae) in Western Siberia as an example.

2. Material and methods

Field methods. Mosquitoes were collected in
the environs of Tomsk (Western Siberia, Russia) in
various biotopes: meadow swamps (56°32’53.2”N,
84°5202.0”E; 56°34'27.9”N, 85°01’15.2"F;
60°36747.4”N, 77°21’26.1”E), forest bogs (56°30729.5”N,
84°45’35.0”E), and sphagnum bogs (56°30'27.8”N,
84°49’49.5”E) in spring, 2021-2023. A dip net with a
diameter of 20 cm was used to collect larvae and pupae.
The net was immersed in water to half the rim diameter
and moved along the surface and in the water column
at a depth of up to 30 cm. Catching was performed at
several points of the selected water body with an inter-
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point distance of at least 1 m. Larvae and pupae were
transported to the laboratory in sealed plastic contain-
ers with water from the collection site. The contain-
ers were tightly closed, and the volume of liquid was
sufficient to maintain the oxygen regime. Cages with
a wire frame covered with gauze were used for imago.
The transportation period did not exceed 24 h to ensure
high survival. The collected material was fixed in 70%
ethanol for further study.

Laboratory methods. Identification of larvae
and adults was performed by morphological features
using standard taxonomic keys (Gutsevich et al., 1970).
Before homogenization, each mosquito individual was
thoroughly washed with distilled water twice to remove
surface contaminants and foreign MPs. Dissection was
performed as follows: the intestines of larvae, the
main accumulators of MPs, were carefully separated
(Simakova et al., 2022); in pupae, all soft tissues were
separated from the exoskeleton due to undifferenti-
ated contents; in adults, the contents of the head cap-
sule, thoracic and abdominal regions were separated.
Homogenization was performed in pools of up to 25
individuals with the addition of 35% H,0, and 0.05 M
FeSO, as a catalyst in a ratio of 3/1 (v/v) until complete
dissolution of the organic matter. Peroxide oxidation
was performed in variations to extract MPs from nat-
ural waters, bottom sediments, fish and invertebrate
tissues (Claessens et al., 2013; Karami, 2017; Lusher et
al., 2020; Simakova et al., 2024).

For microscopic analysis, the obtained homoge-
nate was filtered through a glass fiber membrane filter
with a pore diameter of 1 um (Membrane Solutions,
China) using a vacuum pump. Particle counting and
identification were conducted using a Stemi 2000-c
binocular microscope (Carl Zeiss, Germany) by the
‘hot needle test’ method (Hidalgo-Ruz et al., 2012).
This method employs the principle of thermal action,
whereby MPs change their shape upon contact with
a hot needle, unlike non-plastic materials, which are
not subject to deformation. Particle counting was per-
formed with regard to the morphological characteris-
tics of MPs: shape (fragments, fibers), color (colorless,
black, yellow, red, blue, green), and size (small parti-
cles <0.5 mm, large particles >0.5 mm) (Hidalgo-Ruz
et al., 2012). A total of 990 mosquito individuals were
examined.

Statistical analysis. The obtained data were
analyzed using R statistical software (R Core team,
2021). The MP content in natural mosquito popula-
tions was studied with regard to different factors (year
of observation, biotope, life cycle stage), using variance
analysis (ANOVA). The significance level of differences
was set at a = 0.05.

3. Resulits

The study of natural populations of mosquitoes
collected in various biotopes (meadow swamps, for-
est bogs, sphagnum bogs) in the environs of Tomsk
(Western Siberia, Russia) during the spring of 2021-
2023 revealed the presence of MPs at all mosquito life
cycle stages.
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Analysis of the filters identified MPs of various
shapes and sizes: fragments with the maximum axis
diameter of 0.1-1 mm and anthropogenic fibers up to 1
mm long. The detected particles were of various colors,
with black fragments and fibers statistically predomi-
nating (ANOVA: F = 3.43, p-value = 0.0056) (Fig. 1).

The differences in the number of MPs across
different years were statistically significant. The maxi-
mum number of MP fragments and fibers in mosquitoes
was recorded in 2023. The average number of MPs per
mosquito individual attained 0.012 = 0.003 in 2021,
0.014 = 0.005 in 2022, and 0.191 + 0.087 in 2023
(ANOVA: F = 7.36, p-value = 0.0074). No statistically
significant differences were observed across either bio-
topes or life cycle stages.

As evidenced by the sample collected in the
‘sphagnum bog’ biotope (all stages of metamorphosis),
the MP content tends to change across mosquito life
cycle stages: the number of MPs increases from larval
stage I to larval stage III, decreases at stage IV, and then
decreases at pupal and imago stages (Fig. 2).

The highest MP content was recorded in mosqui-
toes from sphagnum bogs, while the lowest content was
observed in insects from meadow swamps (Fig. 3).

Thus, it can be concluded that blood-sucking
mosquitoes accumulate MPs and anthropogenic fibers
in various biotopes.

4. Discussion

In recent years, there has been mounting concern
about MPs as a pollution factor in biological systems.
Insects play a vital role in functioning of ecosystems and
can be potential environmental bioindicators, including

the presence of MPs (Al-Jaibachi et al., 2018; Simakova
et al., 2022; Haque et al.,, 2025). Primarily, insects
ingest MPs from water and food, and can also use par-
ticles as a building material and substrate in polluted
environments (Gallitelli et al., 2021). Microplastics
entering the digestive system can cause microtrauma
to internal organs, imbalance of intestinal microbiota,
and waning immunity (Jeong et al., 2016; Jin et al.,
2018; Liu et al., 2019; Qiao et al., 2019; Polenogova et
al., 2025).

Mosquitoes, important representatives of both
aquatic and terrestrial ecosystems, are capable of
absorbing MPs and anthropogenic fibers at larval stages,
filtering water and organic matter. Recent studies have
shown that particles persist in the bodies of mosqui-
toes throughout their life cycle, from larvae to adults,
indicating ontogenic transference of MPs (Al-Jaibachi
et al., 2018; 2019; Simakova et al., 2022; 2024). This
makes mosquitoes potential carriers of MPs into terres-
trial food webs. The results of the present study also
confirm the presence of MPs at different stages of meta-
morphosis, with the highest MP content observed at
larval stage III, followed by the decreased MP content
at stage IV and pupal and imago stages. This indicates
a partial removal of MPs during metamorphosis, which
is consistent with the experimental data provided by
Simakova et al. (2022). The data showed a substantial
reduction in the MP content in Aedes aegypti (Linnaeus,
1762) during metamorphosis from larvae to pupae and
a minor reduction during metamorphosis from pupae
to adults (on average 7.3 X 10° particles per larva, 15.8
per pupa, and 10.9 per adult). This can be attributed to
the feeding habits and behaviors of mosquitoes at dif-
ferent stages of metamorphosis. At larval stage, Aedes
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Fig.1. Average number of MPs per Aedes mosquito individual.
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mosquitoes actively filter microscopic algae, bacteria
and organic detritus from water using their mouth
brushes, which contributes to their gradual growth.
At stage II, feeding becomes more intense, leading to
increased food consumption. Stage III is characterized
by a high level of feeding activity: the larvae actively
feed and grow quickly. At stage IV, feeding intensity
decreases significantly, when the larvae expel the con-
tents from the gut, preparing for pupation. The pupal
stage of mosquitoes is a non-feeding period due to body
restructuring to transform into adults. Adult mosqui-
toes demonstrate sexual dimorphism in their feeding
habits: females need the blood of warm-blooded ani-
mals; males feed mainly on nectar and plant juices.

Microplastics are known to affect insect phys-
iology, including body weight, growth rate, survival,
and behavior (Boots et al., 2019; Buteler et al., 2022).
However, study results vary depending on the insect
species and on MP type, size, and content. For example,
PS microspheres at certain doses did not affect the mor-
tality rate and body weight of Culex pipiens (Linnaeus,
1758) mosquitoes (Al-Jaibachi et al., 2019), while Ae.
aegypti exhibited increased average body weight under
similar conditions (Simakova et al., 2022). At the same
time, ingested PE microspheres caused significant
increase in the larval mortality rate in Aedes albopictus
(Skuse, 1895) and Culex quinquefasciatus (Say, 1823)
(Griffin et al., 2023).

This study revealed the presence of MPs at all
mosquito life cycle stages. The detected particles of
various shapes and sizes (fragments with the maximum
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axis diameter of 0.1-1 mm and fibers up to 1 mm long)
correspond to the characteristics of MPs detected in nat-
ural aquatic and terrestrial ecosystems. Li et al. (2020)
and Frank et al. (2022) indicated that MPs in aquatic
ecosystems are represented mainly by fibers and frag-
ments ranging from several microns to millimeters.

In this study, the predominant MPs were black
fragments and fibers <0.5 mm in size (ANOVA: F =
3.43, p-value = 0.0056). The high proportion of black
MPs is likely due to tire and road wear particles, a
major contributor to MP pollution in urban and natu-
ral ecosystems (Kole et al., 2017). Particles composed
of rubber and synthetic polymers have a characteristic
black color and can be carried over long distances by
wind and then settle on ground or water. In addition,
black fibers come from textile pollution sources, includ-
ing wear of synthetic clothing and sewage effluents
(Deng et al., 2020). Thus, the predominance of black
MPs indicates a complex anthropogenic impact of the
transport and textile industries on the pollution in the
studied biotopes.

The highest MP content was recorded in mosqui-
toes from sphagnum bogs, while the lowest content was
observed in insects from meadow swamps. Sphagnum
bogs effectively retain pollutants, including MPs, due
to their unique hydrological conditions, slow water
movement, and accumulation of organic matter. At the
same time, relatively low concentrations of pollutants
in meadow swamps can be attributed to more dynamic
hydrological conditions and a lower anthropogenic pol-
lution level (Limpens et al., 2008).
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Fig.3. Average number of MP fragments and fibers per Aedes mosquito individual at different stages of metamorphosis.

A statistically significant increase in the MP
content (ANOVA: F 7.36, p-value 0.0074) in
mosquitoes in 2023 (the average number of MPs per
individual was 0.191 = 0.087) compared to 2021 and
2022 (0.012 = 0.003 and 0.014 = 0.005, respectively)
indicates a general trend of increasing MP pollution
in the environment. Griffin et al. (2023) reported that
the currently increasing levels of MP pollution have a
noticeable biological impact on living organisms. The
increased quantitative indicators of MPs in the present
study can be attributed to the increased anthropogenic
load and local climatic and hydrological conditions in
the region during certain years.

Thus, the obtained data indicate a wide distri-
bution of MPs across natural mosquito populations
in Western Siberia and confirm their vital role in the
accumulation and transference of MPs to terrestrial
ecosystems. The revealed trends in MP contents across
different years, biotopes and metamorphosis stages cor-
respond to modern concepts of environmental bioavail-
ability and dynamics of MPs and anthropogenic fibers.
The obtained data boost the need for further in-depth
study of the effect of MPs on mosquitoes and an assess-
ment of their role as pollution indicators.

5. Conclusions

Microplastics were detected in natural popu-
lations of mosquitoes collected in various biotopes
(meadow swamps, forest bogs, sphagnum bogs) in the
environs of Tomsk (Western Siberia) during the period
from 2021 to 2023. The average number of MPs per
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mosquito individual increased from 0.012 = 0.003 in
2021 to 0.191 = 0.087 in 2023, indicating an increase
in pollution in the study region. No statistically signif-
icant differences were observed across biotopes and
mosquito life cycle stages.

The detected MPs included fragments 0.1-1 mm
in size and fibers <1 mm in length. The particles were
of various colors, with black fragments and fibers sig-
nificantly predominating. The high proportion of black
MPs is due to tire and road wear particles, a stealthy
source of MPs in the environment, as well as textile
pollution.

During metamorphosis, the MP content was
observed to increase from larval stage I to larval stage
III, with a subsequent decrease at stage IV and pupal
and imago stages, indicating a partial removal of MPs
during metamorphosis.

The highest MP content was recorded in mosqui-
toes from sphagnum bogs, where the unique hydrolog-
ical conditions contribute to pollutant accumulation,
while the MP content in insects from meadow swamps
was lower.

The obtained data confirm a widespread distri-
bution of MPs and anthropogenic fibers in natural mos-
quito populations of Western Siberia, and their vital
role in the accumulation and transference of MPs to
terrestrial ecosystems. In addition, the results of this
study indicate the urgent need for further research into
the effect of MPs on mosquitoes and the possibility of
using these insects as bioindicators to assess the degree
of MP pollution in aquatic and terrestrial ecosystems of
Western Siberia.
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OpuruHanbHan craTbf

AKKYMYNALUMA MUKPONAACTHKA U [IMNOLOGY
AHTPONOreHHbIX BOAOKOH B MPUPOAHDbIX FRESEIWATER
NONYAALUUAX KPOBOCOCYLUIMX KOMAapPOB BIOLOGY
poaa Aedes B oKkpecTHOoCTAX I. ToMcka - —
(3anapnana Cubupnb, Poccun)

Bapenununa A.A.*", CumakoBa A.B., babkuna U.b., J[éposa A.B.

Tomckuli cocydapcma@eHHblil yHugepcumem, np. JleHuHa, 36, . Tomck, 634050, Poccua

AHHOTAIINSL. [TpoBesieH MOHUTOPHUHT cojJiepXkaHus MUKporutactuka (MII) B mpupoaHBIX HOIMYJIANAX
KpoBococynmx komapoB poaa Aedes (Meigen, 1818) Ha pa3HbIX CTaAUAX PA3BUTHUA B OKPECTHOCTSAX T.
Tomcka (3anagHas Cubups, Poccusi) B pa3simuHbIX OMOTOIAX: JIYrOBOM 3a00JI04€HHOCTH, JIeCHOM 3a00-
JloueHHOCTH, charHoBoM 060JioTe B TeueHUe Tpex JieT (2021-2023). Bcero uccienoBano 990 ocobeit
koMapoB. O6HapyxeHsl yactuubl MII paznuuHoit dopmsel u paamepa — ot 0,1 no 1 mm. CpefiHee KOJIU-
yectBo MII Ha oiHy 0co6sb yBesmuuiock ¢ 0,012 + 0,003 B 2021 rogy go 0,191 + 0,087 B 2023 rony.
Konuentpauusa MII Bo3pacraina c I o III 1nuynHOYHYI0 cTaguio, 3aTeM CHUXajach Ha IV ctaguu u Ha
($azax kykoJsiku u umaro. MakcumanbHbele ypoBHU MII 3apeructpupoBaHsl y ocobeil u3 cdarHoBoro
60J10Ta, MUHMMAJIbHBIE — B JIyTOBOM 3a60Ji0ueHHOCTH. CTaTUCTUYECKU 3HAYUMBIX Pa3JjIMuuii o 61oTo-
IlaM He BbIABJIeHO. IIpeo6yiafaniy npenMyIecCTBeHHO YepHble ¢)parMeHTHl U BOJIOKHA pa3mepoMm < 0,5
MM. HabromaeTcsa TeHAeHINA K eXeroJHOMY yBeJInyeHuIo KoyndecTsa MII, 0cOOEHHO MeJIKUX YepHbIX
¢pparmeHTOB (OT aBTOMOOMJIBHBIX HIMH). BepoATHO, 5TO CBA3aHO C 6JIM30CTHI0 aBTOLOPOT, CIIOCOOCTBY-
IONIUX 3arpsA3HeHuIo BogoemMoB MII, a Takxe M3HOCOM CHUHTETHUYECKOU ofiexXAbl U mocTtyrsienrueM MII u
AHTPOIIOTEHHBIX BOJIOKOH C OBITOBBIMU CTOYHBIMM BoAaMu. [losryueHHble JaHHBIE CBUAETEJIbCTBYIOT O
HIMPOKOH pacmpocTpaHeHHOCTH MII B IPUPOIHBIX MOMYJIALUAX KOMapoB Aedes U MOATBEPXKIAIOT BaX-
HOCTb AaJIbHEUIINX McciiefoBaHui BianuaHuA MII Ha ux 6MOJIOTHIO U POJIb 3TUX HACEKOMBIX KaK UHIU-
KaTOpOB 3arpsA3HeHU.

Kitiouegsie csto8a: MUKpOIJIACTUK, YAaCTUIIB, BOJIOKHA, KPOBOCOCYIIME KOMAPHI, 3arpsi3HeHNE BOJOEMOB, BOJHBIE
9KOCHCTEMBI

Jlna nutupoBaHuna: Bapennnnna A.A., Cumakosa A.B., babkuna 1.B., [lépoBa A.B. AKKyMyJIAnIMA MUKPOILJIACTHUKA U aHTPOIO-
TeHHBIX BOJIOKOH B IPUPOAHBIX MOMYJIANUAX KPOBOCOCYIINX KOMapoB pofa Aedes B okpecTHOCTAX I. ToMmcka (3amagnas Cubups,
Poccus) // Limnology and Freshwater Biology. 2025. - Ne 4. - C. 780-793. DOI: 10.31951/2658-3518-2025-A-4-780

1. BBeAeH"e BBIITYCKA€MBIX IIJIACTUKOBBIX MaTE€PHXAJIOB HE I1IO0ABEpra-

eTcA mocjenymwlleil mepepaboTke U yTUIU3AIUU, YTO
CHoCcOOCTBYeT MX JJIUTEJIbHOMY COXPaHEHHUI0 B OKpY-
xKaromel cpefie 10 HECKOJIBKUX JIeCATKOB U COTEH JIeT.
B cBolo ouepe/ib 5TO NPUBOAUT K HAKOIJIEHUIO IIJIACTU-
KOBOI'0 MycOpa B pa3JIMYHbIX KOMIIOHEeHTaX 61ocdepsl,
BKJIIOYAsl BOJY, IIOYBY, IPecHBlE M MOPCKHe BOAOEMBI
(Thompson et al., 2004).

Muxkporutactuk (MIT) — Mespualiime MmIacTUKO-
Bbl€ YACTHIIBI pa3MepoM [0 5 MM 10 HauboJIbLIel ocu
(Thompson et al., 2004). OHu 06pa3ywTCs NpeuMylIIie-
CTBEHHO B pe3yJibTaTe paspylleHusA 0OoJiee KPYNHBIX
IJIACTUKOBBIX U3JI€JIUN TO[ BO3AEHUCTBUEM MPUPOTHBIX
(axTOpOB, TaKNX KakK yJIbTpadUuOoJIETOBOE U3JIyUeHUE,
TeMIepaTypHble KoJjiebaHWsA, MeXaHN4ecKoe BO3[eil-

B Hacros1ee BpeMs CJIOXKHO IIPeACTaBUTh XU3Hb
COBpeMeHHOro ofbuecTsa 6e3 UCIOJIb30BaHUA NJIaCTU-
KOBBIX M3fesnil. MaTepuajbl Ha OCHOBE CHHTeTHYe-
CKUX IIOJIJMMEpPOB Haxo[AT NpHUMeHeHHe NpPaKTU4eCcKu
BO BCEX OTpaciiAX: OT IPOMBIINJIEHHOCTH, CTPOUTEJIb-
CTBa U TpaHCIIOPTa A0 MEJULVHEI, YIIAKOBKY TOBApOB U
npeaMeToB MoBcegHeBHOTO crpoca (Andrady and Neal,
2009). OgHako MUPOKoe U HEKOHTPOJIUPYEMOe pacIpo-
CTpaHeHHe IUIACTHUKOBBIX H3JEeJINH CTajJo Cepbe3HOH
DKOJIOTUYECKOU YIrpo30i, CBA3aHHON C IMOCTOSHHBIM
yBeJINYeHWEeM IIJIACTUKOBHIX OTX0A0B. CorjlacHO OaH-
HBIM psAJa MCCIIeJOBaHUH, eXeroJHoe MHUPOBOe IIPOU3-
BOJICTBO IIacTvka npesbimaeT 400 MUJJIMOHOB TOHH
(Geyer et al., 2017). Ilpu 3TOM 3HAYUTEJIbHAS YACTh
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ctBue (Royer et al., 2018). OCHOBHBIMM MCTOYHUKAMU
MII sBAAIOTCA U3HOC aBTOMOOWJIBHBIX MINH, CUHTETU-
yecKkre TKaHU, KOCMETHKA, YIIaKOBOYHbIE MaTepuaJsibl
u npomsbinuieHHbie oTxoasl (Fendall and Sewell, 2009;
Kole et al., 2017; Akbari et al., 2024). BoJibiias yacTh
IJIAaCTUKOBHIX YaCTHUIl ONa/laeT B OKPYXKAIIIYI0 Cpexy
CO CTOYHBIMU BOAAMU, PacCHpOCTPaHsACh MO BOJHBIM
¥ HaseMHBIM skocrcTtemaMm (Browne et al., 2011). 3Tto
BBI3BIBAET CePhe3HYI 00eCIOKOEHHOCTh, IOCKOJIbKY
TaKue YacTUI[bl CIIOCOOHBI POHUKATDh B MUIIEBHIE MU
U OKa3bIBaTh BJIMsAHNE Ha IIUPOKUU KPYT XKUBBIX Opra-
HU3MOB, HaUMHasA OT NPUMHTUBHBIX OJHOKJIETOYHBIX
MHKPOOPraHM3MOB U1 3aKaH4MBasg BBICOKOPA3BUTHIMU
MO3BOHOYHBIMU XuBOTHBIMU (Wilcox et al., 2016;
Botterell et al., 2019).

Ho eciu cam no ce6e MII — 3T0 JOBOJIbHO MHEPT-
HBII MarTepuaj, TO pasjinuHble A00ABKM, Takue Kak
cTabUIN3aTOPHl, aHTUIIUPEHBl U KpacUTesik, KOTOphIe
MPOU3BOJIUTENIM H3HAUYaJIbHO [M00aBJIAIOT B IJIACTUK
A7 yJIydIlleHUs ero XapaKTePUCTUK, MOTYT OBITh TOK-
CUYHBIMU U YCUJIMBaTh BpeaHoe Bo3zneiicTBue MII Ha
kuBbie opranu3msel (Pilapitiya and Ratnayake, 2024).
U xotsa norsowmenue MII oprannsMamu He IPUBOAUT K
OCTPBIM JIeTaJIbHBIM IOCJIE/ICTBUAM, OHO CIIOCOOCTBYeT
Pa3BUTUI0 XPOHUYECKUX HapylleHul, BKJIOYas Mexa-
HUYeCKOoe TOBpexJeHne TKaHel, 3aJiepXKy B pa3Bu-
TUU, CHU)XXKeHNe UMMYHUTeTa, N3MeHeHre MUKPOOHUOThHI
KUIIeYHWKA, a TakXkKe pelNpoAyKTUBHbE HapylleHUs
(Wright et al., 2013; Sussarellu et al., 2016).

HacexoMmble urpaioT KJII0UueByI0 poJib B MOAAEp-
’)kaHuU Ovopa3HooOpasusA U CTaOMJIBHOCTU MPUPOI-
HBIX 3KOCHCTeM. DTO camas MHOTOYMCJIeHHas IpyIna
’KUBOTHBIX, OHa OXBaThiBaeT npuMepHo 80% oT ob1iero
YylcJia Bcex CyllecTBYIOUMX BUA0B. HacekoMmble BBITIOJ-
HAIOT BaXkHble (PYyHKIIMU: YYacTBYIOT B ONBLIEHUU pac-
TEHUI, peryJjJupyloT UYKUCJIEeHHOCTh BpefguTesiel, pas-
JaraiT OpraHU4YecKue BelllecTBa, a TaKXe ABJIAITCA
HMCTOYHMKOM MUIIU [AJiA JPYyrux XuBOTHBIX (Seki,
1986). AmOUOMOHTHBIE HAaceKOMble IIpPeJCTaBJIAIOT
co60i1 YHUKaJIbHOE 3BEHO B 3KOCHCTeMax, MOCKOJIBKY
OHU MPOXOJAT pa3Hble CTaJIUM CBOEro pa3BUTHSA KaK B
BOJHOMH, TaKk U B Ha3zeMHOU cpefe. X IUYMHKU yuya-
CTBYIOT B GUJIbTpAI[M OpraHNYecKuX BeleCcTB U MOTYT
HCIOJIb30BaThCsl B KauecTBe OMOUHIUKATOPOB 3KOJIO-
TUYecKoro COCTOSHUS BOJOEMOB, UyTKO pearupys Ha
U3MeHeHHUs OKpY’XXalllell cpe/ibl, BEI3BaHHbIE MOsBJIE-
HUEM BpeJHbIX BellecTB W 3arpsasHuresneil (Yee and
Kaufman, 2019). Takas cmocoGHOCTh JAejaeT UX mep-
CIIeKTUBHBIMU 00beKTaMU JIJIs1 U3yUeHUs NOoCaeqCTBUN
MUKpoIacTukoBoro 3arpsasHenus (Ehlers et al., 2019).

Ha cerogHamHMi1 1eHb OTCYTCTBYIOT KOMILJIEKC-
Hble [1aHHble, T03BOJIAII[ME OTCJENUTh 0JITOCPOY-
HyI0 AVHAMUKY HakoiuleHus MII y am@uOHOHTHBIX
HacekoMbIXx. KosnuecTBo myOJyiMKaluii, MOCBAIEHHBIX
JaHHOM npobJieMe, 0OYeHb MaJio, IPpU 3TOM TEPPUTOPUS
3amagHoit Cubupu ocTaeTcs NpaKTUYecKu He HU3ydeH-
HOHI B 3TOM OTHOIIIEHUU.

B HacTosIeM ucciieJoBaHUM [JIs1 MOHUTOPUHIa
HakorieHusa MII y Hacekombix 3amagHoil Cubupu B
KauecTBe MOJIeJIbHOTO OOBbeKTa 3aj/ieliCTBOBaHBI IpU-
pOAHBIE TMOMYJIANMU KomapoB poaa Aedes (Meigen,
1818). [JaHHBIII TaKCOH WIMPOKO pacHpocTpaHeH B
Pa3JMYHBIX 3KOCHCTeMaX, oOJIafjaeT BBICOKOW 4YHC-
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JIEHHOCTBIO UM OOraThIM BUJIOBBIM COCTaBOM; KpOMe
TOro, MeeT BaXXHOe 3MIHAEMUOJIOrIYecKoe 3HaueHue,
SIBJIASCH TIEPEHOCYMKOM BHPYCHBIX, GaKTepuasbHbIX U
reJIbMUHTHBIX 3a6oJieBanuii (Dobson and Foufopoulos,
2001; Bhatt et al., 2013).

Llesib paGoThl — aHAIN3 JUHAMUKYA HAKOILIEHUS
MII B opraHu3Me HaceKOMBIX ¢ MeTaMop(Oo30M Ha Ipu-
Mepe TPUPOJHBIX MOMYJIAIUI KPOBOCOCYIINX KOMapOB
pona Aedes (Diptera: Culicidae) 3anagHoii Cubupu.

2. MaTrepuan ¥ meToAbl

IToneBsie MeTOoAbI. OCcobell kKoMapoB cobupau
B okpecTHocT:X I. Tomcka (3anagnas Cubups, Poccus)
B pa3JIMYHBIX OHOTOMAax: JIyroBas 3ab0JI0UeHHOCTH
(56°32:53.2» c.m1., 84°52’°02.0» B.1.; 56°34°27.9» c.1.,
85°01°15.2» B.4.; 60°36’47.4» c.m., 77°21°26.1» B.1.),
JecHas 3a6oj10ueHHOCTh (56°30°29.5» c.1m1., 84°45’35.0»
B.11.), cdarHosoe 60110TO (56°30°27.8» c.111., 84°49°49.5»
B.1.) B BeceHHU! nepuon c¢ 2021 mo 2023 rox. s
oTOOpa JIMUMHOK U KYKOJIOK HCII0JIb30BaId CTaHapT-
HBIN BOAHBIN cadok AuamerpoM 20 cm. Cadok morpy-
’XaJii B BOJIy Ha IMOJIOBUMHY JuaMeTpa oboda U MpPOBO-
JWJIA UM I10 TIOBEPXHOCTU U B TOJIII[e BOJBI Ha IJIyOMHe
10 30 cMm. OTJI0B IPOBOAUJIU IOBTOPHO B HECKOJIBKUX
TOYKaxX BBIOpAaHHOrO BoJloeMa C yAajJeHHueM MexXAy
ToukaMu He MeHee 1 M. [na cb6bopa MMaro Komapos
MPOBOWUJIM CETYaTHIN JIOB ¥ BOJOEMOB U B MpUbOpex-
HOU pacTUTEJBHOCTU C TOMOIIBI0 PYYHBIX MOCKUT-
HBIX ceTell. JINUMHOK U KYKOJIOK TPaHCIIOPTUPOBAJIU B
J1abopaToOpUI0 B repMETHUYHBIX IJIAaCTUKOBBIX KOHTEN-
Hepax ¢ BoJo# u3 mecra cbopa. KoHTeliHepHI IJIOTHO
3aKpbiBajid, 06beM BBIOMpAIN C 3aracoM >XHJKOCTU
JIJ151 IOZi/iep>XKaHusl KUCJIOPOAHOTO pexuma. [[jis nmaro
HCII0JIh30BaJIU CAAKH C IPOBOJIOYHBIM KapKacoM, 00Ts-
HyTble MapJeil. CpPOK TPaHCIIOPTUPOBKU He MPeBBIIIAI
24 4y njisa obecmevyeHUA BBICOKOM BBIXKHBAeMOCTH. Bech
cobpaHHBINI MaTepuan (ukcupoBaiu B 70% sTaHoJIe
J10 IpOBeJieHNs MocjieAyomux padoT. Unentudukanus
JIMYMHOK U UMaro npoBoAusiach 1o MopdoJioruiyeckum
MpHU3HaKaM C HCIO0JIb30BaHUEM CTaHAAPTHBIX TAKCOHO-
Muueckux kiaouei (Gutsevich et al., 1970).

JlabopaTopunie wMeTonbpl. Ilepen Hemocpen-
CTBEHHOI ToOMOreHH3alUeld KaxAyl o0cobb KoMa-
pOB TIIATeJIPHO MPOMBIBAJIM JUCTUJLIMPOBAHHOMN
BOJION JIBaXAbl AJIA yAaJieHUs 3arpsi3HeHUN U IMOCTO-
poHHux d4actury MII ¢ nDoOBepxHOCTH OpraHusMa.
[TpenapupoBaHue OCYIeCTBJIAIOCH ClAeqyIomuM obpa-
30M: Yy JIMUMHOK aKKypaTHO OT/eJIsAJICA KUIeYHUK, TJe
MIPOUCXOAUT OCHOBHOe HakorsieHue MII (Simakova et
al., 2022); y KykoJIoOK B cBsA3W c HeaudbdepeHIupo-
BaHHBIM COAEPXXKUMBIM OTAEJIIJIUCh OT 3K30CKeJsieTa
BCe MATKHE TKaHM; Y MMaro OTAesIsIoCh CoAep X uMoe
rOJIOBHOU KamCyJjbl, TPyAHOTO U OpIOIMIHOTO OTAe-
noB. T'oMoreHmzaluss mnpoBoAWJIach myjaMu g0 25
ocoGeint ¢ gobasnenuem 35% H,O, u 0,05 M FeSO, B
KauecTBe KaTaju3aTopa B cooTHomeHuu 3/1 (v/v) go
MOJIHOTO PACTBOPEHMA OpraHUYecKoro MaTepuaa.
[TepokcugHOe OKUCIEeHNEe MPUMEHSIOCh B Pa3JIMUHBIX
Bapuanuax g ussjiedeHus MII u3 mpupoaHBIX BOJ,
JIOHHBIX OTJIO)KeHUH, TKaHell pbld U 0eClo3BOHOYHBIX
(Claessens et al., 2013; Karami, 2017; Lusher et al.,
2020; Simakova et al., 2024).
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JJ11 MUKPOCKOIIMYECKOI'0 aHan3a MOJIyuYeHHBIN
romMoreHaT noAseprasics puiabTpalun yepe3 CTeKJI0BO-
JIOKOHHBINI MeMOpaHHBIN GUIBTP C AuamMeTpoM Iop 1
MkM (Membrane Solutions, Kurtaii) ¢ KcIosib30BaHIEM
BaKyyMHoOro Hacoca. Ilojcuer u uAeHTHU(UKALIUIO
YacTUI| BBHINOJHAJM N0 OWHOKYJIAPHBIM MHUKPOCKO-
moMm Stemi 2000-c (Carl Zeiss, T'epmaHusi) ¢ UCIOJIb-
3oBaHueM Metopda «hot needle test» (Hidalgo-Ruz et
al., 2012). JJaHHBII MeTOA OCHOBAH Ha MPUHIUIIE TEP-
MHYeCcKOro BO3LEeNCTBUs, IPU KOTOPOM ILJIaCTUKOBbIE
YaCTUI[BI TO]T AelICTBHEM pacKaJeHHOM UTJIbl U3MEHSAIOT
cBoio GopMy, B OTJIUUME OT HENJIACTUKOBBIX MaTepu-
ajioB, KOTOpBle He mojBepraiTcs Aedopmaruu. [Ipu
nofcyere yactul] MII yuurtsiBaamch ux mopdoJsioruye-
cKHe xapaktepuctuku: Gopma (pparMeHTH], BOJIOKHA),
1BeT (beclBeTHBIIN, YEPHBIH, XXeJITHII, KpaCHBIN, CUHUN,
3eJieHbIln) U pa3Mmep (Mesikue yactunbl MII - < 0,5 MM,
KpymHbie yactunbl MIT — > 0,5 mm) (Hidalgo-Ruz et al.,
2012). Bcero uccienosato 990 ocobeli koMapos.

CraTtucTuyeckuil aHayju3. J[aHHbEe MpOaHaJIU-
3MPOBaHBI C KCIOJIb30BaHUEM IPOrpaMMHOI0 obecre-
yeHUA JUIs CcTaTUCTUYecKor obpabotku maHHBIX R (R
Core team, 2021). /s uccienoBanus koauvectsa MII
B KOMapax MNPUPOAHBIX MOMYyJIALUUN, B 3aBUCUMOCTU
OT pas3HbIX ¢axkTopoB (rox HabroAeHUsA, OUOTOI, CTa-
Avis pa3BUTHUA) KCNOJIb30BaH AMCIIEPCUOHHBIN aHaIN3
(ANOVA). YpoBeHs 3HauuMocTu paziauuuii a = 0,05.

3. Pe3ynbTarthbl

HUccieqoBaHre KOMapoB U3 MPUPOAHBIX TOMYJIs-
111, cOGpaHHBIX B OKpPEeCTHOCTsX T. ToMcka (3amagHas

Cubupsp, Poccus) B pasznuuHbix OuoTomax (Jryrosas
3a00JIOYEHHOCTD, JiecHas 3a00JI04eHHOCTh, carHoBoe
60510T0) B BeceHHUI nepuoy ¢ 2021 no 2023 roA, Bbis-
Bwio Hannuue MII B opraHusMe Ha KaXJOOH cTaauu
pa3BUTHA.

B xome anHammza QuiIbTpoB OOHapyKeHH
gactuipl MII pasnuuHbix GopM u pasMepoB: ¢par-
MeHTH AuamMeTrpoM oT 0,1 go 1 MM o MakcUMaJIbHOM
OoCH, a TakXe aHTPOIOreHHble BOJIOKHA AJMHON 1o 1
MM. HcciiemoBaHusa mokasajiyd Hajyduyue 4acTUIl pas-
JINYHBIX IIBETOB, IIPU 3TOM CTaTUCTUYECKHU 3HAUYKUMO
npeo6saganu yepHble ¢pparMeHTH U BosokHa (ANOVA:
F = 3,43, p-value = 0,0056) (Puc. 1).

BbIsABIIEHBl CTaTUCTHYECKU 3HAUYMMBble pas3jidvyusd
B kosmyecTtBe MII no rogam. Hau6oJibliee KoJI1M4ecTBO
dparmenToB u BoyiokoH MII B KOoMapax IPHPOAHBIX
nonyaAnuil otMeueHo B 2023 r. CpeJjHee KOJIMYECTBO
MII Ha ogHoro xomapa B 2021 r. cocrasssano — 0,012
+ 0,003, B 2022 1. - 0,014 = 0,005, B 2023 r. - 0,191
+ 0,087 (ANOVA: F = 7,36, p-value 0,0074).
CTaTHCTUYeCKU 3HaYMMBIX pa3jIMunil HU 10 6HoTonam,
HU IO CTaAusAM pa3BUTUA He 00HapyKeHO.

Ha npumepe BBIOOpKHM U3 Ouortomna «cdarsoBoe
60510TO» (TIpefcTaBjieHbl Bce cTaauud MeTamopdosa)
HabyojaeTcsA TeHAEHIUA W3MeHeHUsA KOHLeHTpaluu
MII B xone pa3BUTHA KOMAapoB: KOJIMYECTBO YacCTHI]
yBesnuuBaetcs ¢ [ o III TMYnHOYHYI0 CTaguio, 3aTeM
yMeHbIIaetcs Ha IV cragum, nocse yero HaGsoaaeTcs
CHITXeHUe Ha CTaJuu KyKoJiky U umaro (Puc. 2).

MaxkcumarsnbHas KoHUueHTpanua MII 3apeructpu-
poBaHa y ocobeli, coOpaHHbIX B cdarHoBoMm 00JIOTe,
TOrJa Kak HauMeHbllee ero KOJINYeCTBO BBIABJIEHO B
MOMYJIALUM U3 JIyroBol 3abosioueHHocTH (Puc. 3).
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Puc.1. CpeqHee KOJIMYECTBO YaCTUI] MUKPOILIACTUKA HA OJJMH K3eMIUIAP KoMapa poaa Aedes.
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Puc.2. CpefiHee KOJINYECTBO (parMeHTOB M BOJIOKOH MUKPOIUIACTHKA B KOMapax poja Aedes M3 pasHBIX

pasHBIX cTaAuAax MetTamopdosa.

TakuMm o00pa3oM, KpOBOCOCYIIHE€ KOMAaphl CIO-
co6Hbl HakammBaTh MII 1 aHTponoOreHHbIe BOJIOKHA B
pasHbIX OMoTOMax.

4. 06¢cy)xpenune

B mocnenHue roapl pacTeT HHTepec K H3yue-
Huio MIT kak ¢akTopa 3arpsa3HeHUsA B OMOJIOTHYECKUX
cucremax. Hacekomble UrpaimT BaXHYI0 POJib B QYHK-
LHOHUPOBAHUN 5KOCUCTEM U MOT'YT OBITh NTOTEHIIaJIb-
HBIMU OHOMHIUKATOpaMM COCTOSHUA OKpyXarouein
cpenbl, B ToM umcie npucytcrsus MII (Al-Jaibachi et
al., 2018; Simakova et al., 2022; Haque et al., 2025).
IIponukHoBeHre MII B opraHusM HacEKOMBIX Yalle
BCero MpOMCXOAUT HellpeJHaMepeHHO BMecTe ¢ BOJOM
U nuiei, a Takke MOXeT KUCIIOJIb30BaThCsA UMU B Kaye-
CTBe CTPOMTEJIbHOI'0 MaTepuaja u cybcTpaTa B 3arpsas-
HeHHBIX cpefax (Gallitelli et al.,, 2021). Tlomamanue
MII B muieBapUTEsIbHYI0 CHUCTEMY MOXeT BBHI3BIBATH
MHUKDOTpPaBMBl BHYTPEHHHUX OpraHoB, AucbanaHc
KHUIIeYHON MUKPOOUMOTHI U CHIDXEHHE HMMYHUTETa
(Jeong et al., 2016; Jin et al., 2018; Liu et al., 2019;
Qiao et al., 2019; Polenogova et al., 2025).

Komapks! — BaxkHbIe IpeicTaBUTEIN BOJHO-Ha3eM-
HBIX 9KOCHUCTEM — cI0cOOHBI norjionarts MIT u aHTpono-
reHHble BOJIOKHA yXXe Ha JIMYMHOYHBIX cTaAuAx, Guib-
TPy BOAy U opraHuyeckue octaTku. CoBpeMeHHbIe
HccjleloBaHus IIOKa3bIBAlOT, YTO YacCTUIBI COXpaH:A-
I0TCA B OpraHHU3Me Ha IPOTSDKeHUH BCEro XHU3HEHHOI'o
[UKJIa — OT JIMYMHKKU [0 B3pOCJION 0cobu, YTO CBUAE-
TEJIBCTBYET O BO3MOXHOCTH OHTOI'€HETHYeCKOro nepe-
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Hoca MII (Al-Jaibachi et al., 2018; 2019; Simakova et
al., 2022; 2024). DTo AejlaeT KOMapoB MOTEHI[UAIb-
HBIMU INlepeHocunkaMu yactur, MII B HazeMHbIe HUILe-
Bhle ceTu. Hamm pe3ysbTaThl TakXe NOATBEPXAAOT
Hasimure MIT Ha Bcex cTagusax pa3BUTHUA KOMapoOB, IIpU
3TOM MaKCHMaJibHasi KOHI[eHTpaIlysa JyacTul Habmona-
ercs Ha Il JMYMHOYHOU CTAAUU C TOCJIEAYIOIMM CHU-
xeHneM Ha IV ctaguu m Ha ¢asax KyKOJIKHM U MMaro.
Takas quHaMUKa yKasblBaeT Ha YaCTUYHOE BBHIBEJIEHUE
MII B xone metamopdo3a, 4YTO COTJIaCyeTcsA C 3JKCIIe-
pUMeHTaJIbHBIMM JaHHeIMU Simakova et al. (2022),
KOTOpBIE MTOKA3aJIM CyIlleCTBeHHYI0 moTepio MII y Aedes
aegypti (Linnaeus, 1762) npu nepexojie OT JINYNHOK K
KyKOJIKAM U He3HauyuTeJbHble NOTepUu IpU Iepexofe
OT KYKOJIOK K umaro (B cpeaHem 7,3 X 10° wacTuig
Ha JINYMHKY, 15,8 — Ha Kkykoyky u 10,9 — Ha uMmaro).
JTO CBA3AHO C OCOOEHHOCTAMU MUTaHUA U 00pas3oM
KM3HU KOMapoB Ha pa3HbIX CTaAuAX pa3Butusa. Tax,
Ha [ TMYMHOYHOI cTaguu KoMapsl poaa Aedes akTUBHO
GuabTPYIOT BOAY C IOMOIIBI0 POTOBBIX LIETOK, Noeaas
MUKPOCKOIIMYeCKHe BOAOpocan, OakTepuu Hu opra-
HUYeCKUN JeTpPUT, 4TO CIOocOOCTByeT HX IOCTeleH-
Homy pocty. Ha I cragquu nutanue cTaHOBUTCA OoJiee
MHTEHCUBHEBIM, yBeJnuuBaeTca o0beM NOTpebJisieMo
mumuy. Il cragusa xapakTepusyeTcs BBICOKMM YPOBHEM
[UIEeBON aKTUBHOCTU: JINUWHKN aKTUBHO MUTAIOTCA U
OpicTpo pacTtyT. Ha IV cTagnu oTmeuaeTcs CyIiecTBeH-
HOE CHIXKe€HHEe MHTEHCHUBHOCTU NMUTaHUsA, MIPOUCXOOUT
JacTHUYHOe BBICBOOOXAeHe KUINeUHKa — BaXXHBIH [TPO-
I[ecC MOATOTOBKM K OKYKJIMBaHUI. CTaqusa KyKOJIKU Y
KOMapoB IOJIHOCTBIO JIMIIIEHA MUTaHUs, BCE PECypChl
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Puc.3. CpenHee KomuecTBO (HparMeHTOB U BOJIOKOH MHKPOILUIACTHKA B OAHOM KoMape popaa Aedes Ha pa3HBIX CTaguAgX

meTtamopdosa.

HaIlpaBJieHbl Ha IepecTpoliKy opranusma Jjis GopMmu-
pOBaHUs B3pOCJION ocobu. B3pocybie Komapsl J1eMOH-
CTPUPYIOT MOJIOBON OuMOpGU3M B IUTAHUU: CaMKH
HYXJal0TCs B KPOBU TEIIOKPOBHBIX XUBOTHBIX, CaMIIbI
NUTAIOTCA IIpeMMYIIeCTBEHHO HEeKTapoM M COKaMu
pacTeHui.

H3BectHO, uTOo MII cmocoGeH OKa3bBaTh BJIM-
AHWe Ha (GU3MOJIOTHI0O HaceKOMBIX, BKJIIOYas Maccy
Tejla, CKOPOCTb pa3BUTHA, BBDKMBAEMOCTb W IOBefe-
Hue (Boots et al., 2019; Buteler et al., 2022). OgHako
pe3yJibTaThl KCCJIe[JOBaHUI BapbUpPYyIOT B 3aBUCHMO-
CTH OT BHJA HaceKOMBIX, a TakXe OT TUIa, pa3Mepa
U KoHIeHTpauuu camoro MII. Tak, y komapoB Culex
pipiens (Linnaeus, 1758) mukpocdeps PS B ompene-
JIEHHBIX [l03aX He IOBJIUAN Ha CMEpPTHOCTb U Maccy
Tesa (Al-Jaibachi et al., 2019), Torga kak y Ae. aegypti
HabJTI0jaIoch yBeJInueHue cpedHell Macchl Teja MpU
BO3JEHMCTBUN aHaJOrMuyHbIX vacTtul] (Simakova et al.,
2022). B To xe Bpems mukpocdeps! PE BbI3bIBaIM 3Ha-
YUTEJIbHYI0 CMEpPTHOCTb JIMYMHOK y Aedes albopictus
(Skuse, 1895) u Culex quinquefasciatus (Say, 1823)
(Griffin et al., 2023).

Hamre nccnengoBanue BoiABUIIO IpucyTcTBre MII
Ha BceX CTaguAXx pa3BUTUA KoMapoB. OOHapyXeHHbIe
YacTUIbl pa3INYHON PopMmbl U pa3mMepoB (pparMeHThH
or 0,1 no 1 MM IO MakKCHMMAaJbHOM OCH, a TaKxke
BOJIOKHA JUUIMHOM 0 1 MM) COOTBETCTBYIOT U3BECTHBIM
xapaktepuctukam MII, BBIABIAEMOro B NPUPOLHBIX
BOJHBIX 1 Ha3eMHBIX cucreMax. Tak, Li et al. (2020) u
Frank et al. (2022) yka3ssiBasu, yTo MII B BOJHBIX KO-
cucTeMax IpejicTaBJieH [IperMyIlecTBeHHO BOJIOKHAMU
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1 pparMeHTaMy pasMepoM OT HECKOJIbKUX MUKPOH J10
MUJLJIUMETPOB.

B HacrosmeM wuccienoBaHuu IpeoOsana-
mmuy yacturamu MIT okasasnuce yepHble GparMeHTH
u BojlIokHa pasMmepom <0,5 mMm (ANOVA: F 3,43,
p-value 0,0056). Bricokas [0Jisi YEPHBIX YaCTUII,
BEpOATHO, CBA3aHa C U3HOCOM aBTOMOOWJIBHBIX LIWH —
OHUM U3 KJIIOYEBBIX UCTOYHUKOB MII B ropoackux u
npupoaHbix skocrcremax (Kole et al., 2017). YacTuis,
cocTosAlMe 13 pe3uHbl U CUHTEeTUYeCKUX II0JIIMepOB,
00JIafaloT XapaKTepHBIM YepHBIM I[BETOM U pacIpo-
CTpaHAIOTCA [0J BO3AelicTBLeM BeTpPOB Ha 3HAUUTEJIb-
HBle paccTOsAHUsA, ocefjas B BojgoeMax U nouse. Kpome
TOT'0, YepHble BOJIOKHA MOCTYNAaloT TakXe U3 MCTOYHU-
KOB TeKCTHJIBHOTO 3arpsA3HeHUs, B TOM 4ucje W3Hoca
CUHTeTUYeCcKOU ofiexbl 1 ObITOBBIX cTOKOB (Deng et
al., 2020). Takum obpas3om, npeobyiafaHUEe YEPHOTO
MII oTpaxaeT KOMILIEKCHOe aHTPOIOreHHOe BO3[eii-
CTBHE TPaHCIOPTHOM M TEeKCTUJIbHOHM oOTpacjed Ha
3arpsa3HeHue U3yvyaeMbIx OLOTOIOB.

MakcumarnbHasa KkoHueHtpauusa MII  3aduk-
cupoBaHa y KoMapoB u3 cparHoBoro 060JioTa, TOraa
KaKk MHUHMMAaJibHasg — B JIyTOBOH 3a00JI04eHHOCTU.
Cdarnoseie 6010Ta 61arogapss 0cO6eHHOCTAM THIPO-
JIOTUYeCKOro pexuma, cjiaboll MOABMXHOCTU BOABL U
HaKOILJIGHUI0O OpraHWYeCcKOoro BelllecTBa CIOCOOCTBYIOT
6ojiee BBIpAXXEHHOMY V[IepXaHHUIO 3arps3HuTesieil, B
ToM unciie MII, Torga Kak OTHOCUTEJIbHO HU3KKeE KOH-
L[eHTpaLUu 3arpsA3HuTes el B JIyroBoi 3a00J104eHHOCTU
MOTyT 00bACHATHCA OoJiee MOABUXXHBIMU r'MIpOJIorhye-
CKMMH yCJIOBUAMH U MEHBIIVMM yPOBHEM aHTPOIIOTeH-



BapeHuyuHa A.A. u dp. / Limnology and Freshwater Biology 2025 (4): 780-793

Cneu. sbinyck: «VIII-s5 MexdyHapooHasi
BepewazuHckas balikanbckasi KoHgbepeHyusi»

Horo 3arpsasHeHus (Limpens et al., 2008).

Cratuctuuecku 3HauuMoe (ANOVA: F 7,36,
p-value 0,0074) yBenuueHue cofepxanusa MII B
xomapax B 2023 romy (cpenHee kosudectBo MII Ha
ocobb — 0,191 + 0,087) no cpaBHeHu1o ¢ 2021 u 2022
rogamu (0,012 = 0,003 u 0,014 = 0,005 cooTBeTt-
CTBEHHO) OTpaxkaeT OOIIyI0 TeHJAEHLUI0 pocTa MUKpPO-
IJIACTUKOBOTO 3arps3HeHusA B OKpy’alolleil cpefe.
Tak, Griffin et al. (2023) oTMeuasnu, 4TO COBpeMEH-
Hble YPOBHU 3arpsA3HeHM:A IUIaCTUKOBBIMU YacTHULaMU
pacTyT U HauMHAIOT OKa3bBaTh 3aMeTHOe OnoJjioruye-
CKOe BJIUSAHME Ha JXUBble OpraHu3Mbl. PocT kosmye-
CTBEHHBIX NoKasaTesieii MII B HameM uccjaeqOBaHUU
MOXeT OBITh 00yCJIOBJIEH yCUJIeHHeM aHTPOIIOreHHOIo
BJIMAHUA, a Takke JIOKaJbHBIMU KJIMMAaTU4eCKUMU U
TUPOJIOTUYECKUMH OCOOEHHOCTAMM pervuoHa B KOH-
KpeTHBIe TOABL.

Takum o0Opa3oM, Halld [JaHHBIE CBUAETEJIb-
CTBYIOT O IMMPOKOM pacnpocTpaHeHun MII B mpupon-
HBIX MONyJIANUAX koMmapoB 3amagHoi Cubupu u Nnof-
TBEPXKAAIT UX pOJib B aKKyMyJIAIMU U nepeHoce MII
B HaseMHBle 5KOCHCTeMBl. BplfABJeHHbIE TeHAEHIUU
koHneHTpanuii MII no rogam, 6uoTonaM UM CTaAUAM
MeTaMop(do3a COOTBETCTBYIOT COBPEMEHHBIM IIpef-
CTaBjleHUsAM O OuomocTynmHocTd U auHamuke MII u
aHTPOIIOTEHHBIX BOJIOKOH B OKpYy’Kalollell cpene. DTU
pe3yJibTaThl IOAYepKUBaIOT HeOOXOAUMOCTh AaJIbHel-
IKUX WCCcIefOBaHUM, HampaBJjieHHBIX Ha YrJy0JieH-
Hoe u3yveHue BiauaHUA MII Ha opraHu3M KOMapoB U
OILIeHKY UX POJIU KaK MHAUKATOPOB 3arpsA3HeHus.

5. 3akniouenue

MII o6Hapy>xeH B opraHn3Max KOMapoB, coOOpaH-
HBIX W3 IPUPOAHBIX NONYJALWN B OKPECTHOCTSX T.
Tomcka (3amagHas Cubupb) B pas3jIMuHBIX OHOTONax
— JIyroBol 3a00JI0UeHHOCTH, JIeCHOU 3ab0JIoueHHO-
ctu u charsosom 6osote — B nepuoa ¢ 2021 no 2023
roasl. CpeHee KoauvecTBO yactul MII Ha ogHy 0co6b
Belpociio ¢ 0,012 = 0,003 B 2021 roay mo 0,191 =
0,087 B 2023 roay, 4TO CBUAETE/IbLCTBYET O 3HAUUTEJIb-
HOM yBeJINYeHWUM 3arpsA3HeHUsA B HCCJIeyeMOM peru-
oHe. CTaTHCTUYECKW 3HAYMMBIX pasjMYUM IO OMOTO-
IaM ¥ CTaAuAM pa3BUTHUA IIPU 3TOM He BBIABJIEHO.

OOGHapyXeHHbIe YaCTULbl BKJII0Yaad pparMeHThl
pasmepom ot 0,1 10 1 MM U BOJIOKHA JJIUHOM 10 1 MM
Pa3JIMYHBIX IIBETOB, CPeAU KOTOPHIX CYIeCTBEHHO IIpe-
obyiagany yepHble (parMeHTH KU BOJIOKHA. Bricokas
J10J1s YepHBIX YacCTHUI] CBsA3aHa C U3HOCOM aBTOMOOMJIb-
HBIX IIMH — BaXHOro McroyHuka MII, a Takxe Tek-
CTUJIBHOIO 3arpA3HeHuUsl.

B xone MeTamopdo3a Hab1101aj10Ch yBeIudeHne
koHIeHTpauuu MII ot I go III jmuunHOYHON cTaauy,
¢ IocJIeAyloIUM cHIkeHueM Ha IV craguu u ¢daszax
KYKOJIKA 1 ¥IMaro, 4TO CBUJETeJbCTBYeT O YaCTUYHOM
BhIBefleHnr MII B npoliecce pa3BUTHA KOMapOB.

MaxkcumasbHble KoHIleHTpanyu MII 3apeructpu-
poBaHHl y ocobell u3 charsoBoro 60J10Ta, rae ocobeH-
HOCTH THUJPOJIOTUYECKOr0 peXuMa CrocobcTBoBasn
HaKOIUUIEHUIO 3arps3HuTesiell, Toraa Kak B JIyTOBOH
3a60JI04eHHOCTH ypoBHU KoHIeHTpauuu MII okasza-
JINCh HUXeE.
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[TosiyueHHBle OaHHBIEe NMOATBEPXAAIOT MIMPOKOE
pacnpoctpaHeHrie MII M aHTpPONOreHHBIX BOJIOKOH B
MPUPOJIHBIX MOMYJIANUAX KoMapos 3anaaHoii Cubupy,
HX pOJib B aKKyMyJALUU U nepeHoce MII B HazeMHble
JKOCHCTEMBI, a Takke HeoOXOAUMOCTb JabHEeNIINX
uccienoBanuil BauaHua MII Ha 300poBbe KOMapoB U
BO3MOJKHOCTb HCIIOJIb30BaHUSA AAHHBIX HACEKOMBIX B
KayecTBe OHMOMHAMKATOPOB CTeleHW MHUKPOILIACTH-
KOBOI'O 3arpsA3HEHUA BOJHO-Ha3eMHBIX 3KOCHCTEM
3amagHoit Cubupmu.
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