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Species Composition of Blood-Sucking Mosquitoes
of the Genus Aedes (Diptera: Culicidae) in the Karaganda Region

This study examines the species composition of blood-sucking mosquitoes in the Karaganda Region of Cen-
tral Kazakhstan — a region where faunal and ecological data have been scarce. Through field surveys and
morphological identification, we documented at least ten species belonging to the genus Aedes Meigen,1818.
Notably, several specimens exhibited atypical morphological traits, suggesting the presence of previously un-
recognized or cryptic forms within local populations. These findings underscore the importance of integrative
taxonomic approaches — particularly molecular methods — for clarifying the status of morphologically dis-
tinct variants and improving our understanding of their epidemiological relevances®Community-level analyses
of species diversity and evenness revealed pronounced spatial differences between localities: The species Ae.
(Och.) dorsalis Meigen, 1830 was dominant in and around Karaganda City, whereas Ae. (Rus.) subdiversus
Martini, 1926 was more prevalent in the Nura District. The detection of species notpreviously reported from
the region further suggests a potential range expansion of Aedes‘mosquitoes. Collectively, these results pro-
vide the first systematic baseline for Aedes biodiversity in Central Kazakhstan:and underscore its importance
for vector ecology, arbovirus transmission risk, and public healthssurveillance in the region.

Keywords: Aedes, Culicidae, insecta, species, Shannontindex; Piclou’s evenness index, Jaccard index, fauna.

Intreduction

Aedes (Diptera: Culicidae) is a genus of,mosquitoes that includes the largest number of species of sig-
nificant medical importance, as they serve as vectors for a variety of viral pathogens. Notably, they are
known to transmit the deadly viruses of Dengue, Zika, Chikungunya, and West Nile fever [1]. Mosquitoes of
the genus Aedes Meigen, 1818 are founduin various regions of the Republic of Kazakhstan, with their abun-
dance and species composition, varying significantly depending on the local climate and landscape. One of
the least studied regions of Kazakhstan.in{erms of the species diversity of blood-sucking mosquitoes of this
genus is the Karaganda Regien;located,in Central Kazakhstan.

In recent decades, certainamosquito species have expanded their range into parts of Europe, Russia, and
the North America due' to“climatic and environmental changes. These include Ae. (Stegomyia) albopictus
Skuse, 1894, Ae. koreicus Edwards, 1917, and Ae. japonicus Theobald, 1901. Intercontinental spread is pri-
marily the result of egg transportation attached to various plant products and tires shipped via cargo vessels,
which are of particular relevance [2]. Air travel also plays a significant role in their dispersal [3]. However,
on natienal, andiregional scales, ground transportation — particularly by cars and trains — is considered the
most‘impartant route of spread [4]. For instance, the invasive mosquito Ae. koreicus, a Far Eastern species,
has beenddetected within the territory of the Republic of Kazakhstan [5]. Reports of this species have become
increasingly .common in Europe, Russia Far East, and the North Americas [6]. As the ranges of mosquito
vectors expand, so too do the distributions of the pathogens they transmit. While the potential for future
arbovirus transmission by invasive mosquito species in these regions is concerning, circulation of several
arboviruses has already been observed among native species. Notably, three such viruses include Sindbis
virus, Usutu virus (USUV), and West Nile virus (WNV) [7].

The aim of our study is to clarify the species composition of g. Aedes mosquitoes in the Karaganda Re-
gion of Kazakhstan.
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Experimental

To study the species composition of g. Aedes mosquitoes, larval samples of blood-sucking mosquitoes

were collected in the Karaganda Region (Fig. 1). Larvae were collected (Table 1) using the methods de-
scribed by Monchadskij (1952) [8], employing a specialized dipping tray and a pear-shaped pipette. The col-
lected larvae were preserved in 5 ml tubes containing 96 % ethanol or Carnoy’s solution for cytogenetic
analysis. Species identification was carried out using morphological methods based on the works of
Gucevich et al. (1970) [9], Dubitsky [10], and Becker (2010) [11].

Samples were divided according to geographic origin. The first zone included specimens collected in

Karaganda city and adjacent areas. The second zone comprised samples from the Nura District, located in
the southwest of the Karaganda Region, approximately 200 km from the regional center (Table 3). Larvae
were collected from water bodies formed by melting snow.

Table 1
Aedes Larvae Sampling Sites within the Karaganda Region
Location of Temporary and Sampling Number ;
No. Permanent Water Bodies (Flood Areas) Date of Larvae gEopinates
Zone |
1 |Karaganda, Yugo-Vostok Microdistrict 24.04.24 65 49.77816 N, 73.1631 E
2 |Karaganda, Yugo-Vostok Microdistrict 24.04.24 50 49.7577 N, 73.15977 E
3 |Karaganda, Kungey Microdistrict 24.04.24 82 49.77806 N, 73.16301 E
4 |Karaganda, Kazbek Bi District 24.04.24 21 49.74874 N, 73.1669 E
5 |Karaganda, Kazbek Bi District 24.04.24 17 49.80769 N, 73.14454 E
6 |Karaganda, Karaganda—Almaty Highway | 424.04.24 15 49.74887 N, 73.167 E
7 |Karaganda, Maikuduk Microdistrict 24.04.24 30 49.83559 N, 73.17974 E
8 |Karaganda, Spassk Highway 24.04.24 5 49.75345 N, 73.16607 E
Karaganda Region, Prishakhtinsk
9 Residential Area 25.04.24 2 49.92204 N, 73.06991 E
10 |Karaganda, A. Bokeikhan District, EQ18 | 24.04.24 50 49.82488 N, 73.13184 E
11 |Karaganda, A. BokeikhamDistrict, E018 | 24.04.24 35 49.83606 N, 73.11525 E
Zone 11
12 |Karaganda RegigiaNuga District, 22.04.24 20 50.66456 N, 71.46498 E
Karkaraly Highway.
13 |Ka@ragandaiRegion, Nura District, 22.04.24 14 50.61068 N, 71.46704 E
Karkaraly. Highway
14 |Ka%aganda Region, Nura District, 22.04.24 36 50.3233 N, 71.52544 E
Karkaraly Highway
15 |Karaganda Region, Nura District 22.04.24 5 50.25673 N, 71.56424 E
16 Karaganda Rgglon, Nura District, Karatal 23.04.24 2 50.30295 N, 71.61795 E
Forest Plantation
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Figure 1. Geographic Distribution of Sampling Sﬁ i aganda Region

The initial mosquito generation develops in small wa ormed by snowmelt. These shallow,
sun-warmed pools provide a warm and favorable envi al development.
In Zone |, the water bodies were predominantly nd small puddles. In contrast, Zone Il was

a. b.
Figure 2. Water Bodies of the Karaganda Region a. In the vicinity of Karaganda city; b. Nura District

The division into zones was based on geographical, climatic, and precipitation factors to examine the
variation in mosquito species distribution across the studied region.

The climate is sharply continental and arid, characterized by significant temperature fluctuations
throughout the year and diurnally, as well as variability in weather conditions [12].

Maximum precipitation values (350-400 mm) were recorded in the Nura District, attributed to its loca-
tion on the western slope of the low mountain range. The central part of the region exhibits a more uniform
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distribution of precipitation, averaging around 300 mm. The spring period accounts for approximately 25 %
of the annual precipitation volume [13]. Several soil districts, zones, and subzones are distinguished within
the region. The areas adjacent to the city of Karaganda belong to the subzone of Humic Kastanozems, while
the Nura District is located within the kastanozems subzone.

Humic Kastanozems are characterized by a clayey, heavy and medium loamy granulometric composi-
tion, which slows down water infiltration into the ground and leads to water retention on the surface.

Kastanozems differ from Humic Kastanozems by having lower humus content, a tendency toward
compaction, and the presence of readily soluble salts. These soils are formed under non-leaching water
regimes typical of dry steppe and semi-desert environments, where surface water is rapidly absorbed into
the soil [14].

To analyze species diversity, the Shannon index was used. This index allows for the comparisen of spe-
cies diversity across different communities. Pielou’s evenness index (E), which is calculated based on the
Shannon index, provides a measure of the uniformity of species distribution in terms oftheirsabundance
within a community [15].

To assess the similarity between the two zones, the Jaccard index was used. In the contextiof ecology
and species diversity, this index allows for the evaluation of the degree of similarity/in species composition
between two different habitats [16].

To assess the similarity in species composition and structure between the two geographic zones, hierar-
chical cluster analysis was performed. The analysis was based on the relativesabundance of g. Aedes mosqui-
to larvae across all sampled habitats. We applied hierarchical agglomerative ¢lustering using the complete-
linkage method, in which inter-cluster distance is calculated as the maximum pairwise distance between ob-
servations belonging to different clusters. The analysis was performed using the Euclidean distance metric.
The Bray-Curtis [17] dissimilarity index was used as the measuredf distance, as it is appropriate for ecologi-
cal data and accounts for differences in species abundances. The,resulting dendrograms visually represent the
degree of similarity between mosquito species in each zone, highlighting dominant species and indicating
patterns of co-occurrence and species clustering.

Results

The samples contained representatives of the genera.€ulex and Anopheles, with Aedes larvae being pre-
dominant. In total, ten mosquito species belanging to the genus Aedes were identified: Ae. (Ochlerotatus)
caspius Pallas, 1771; Ae. (Och.) dorsalis "Meigen, 1830; Ae. (Och.) flavescens Miiller, 1764; Ae.
(Rusticoidus) subdiversus Martini, 1926; Ae. (Och.) euedes Howard, Dyar & Knab, 1913; Ae. (Och.)
cataphylla Dyar, 1916; Ae. (Och.) cypriussLudlow, 1920; Ae. (Och.) annulipes Meigen; Ae. (Och.) cantans
Meigen, 1818; and Ae. (Och.) cemmunis De Geer, 1776 (Table 2).

Table 2
Species Composition of Aedes Mosquitoes Collected in the Karaganda Region

Types/

Locations of samples
Ae. (Och.) caspius Pal-
las, 1771

Ae. (Och.) dorsalis
Meigen, 1830

Ae. (Och.) flavescens
Muller, 1764

Ae. (Rus.) subdiversus
Martini, 1926

Ae. (Och.) euedes
Howard, Dyar et Knab, + + + | +
1913

Ae. (Och.) cataphylla
Dyar, 1916

Ae. (Och.) cyprius
Ludlow, 1920

Ae. (Och.) annulipes
Meigen,

1 2 3 4 5 6 7 8 9 10 | 11 |12 |13 | 14 | 15| 16

P+ |+ |+ |+ |+ [+ + |+ +

+
+
+
+ |+ | +
+
+
+
+
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Continuation of Table 2

Types/ 112|345 |6 |7 |8| 9|10 /|11|12]13|14]|15] 16
Locations of samples

Ae. (Och.) cantans
Meigen, 1818,

Ae. (Och.) communis

De Geer, 1776 ot *
Note. The column number corresponds to the sample number from Table 1. Samples 1-11 belong to Zone I, and samples 12-16
belong to Zone II.

+ + |+

The division into zones helped reveal differences in the distribution of mosquito species across the stud-
ied region.

It is worth noting that among the Ae. subdiversus specimens collected in the study. area,. individuals
were found with a branched siphonal tuft 1-S (Fig. 3), whereas the species is described @s having single
siphonal tuft [9, 11]. In all other morphological characteristics, these individuals fully cerresponded to the
typical description of the species, leaving no doubt regarding the accuracy of their identification.

Figure»3. Siphonal tuft 1-S with two setae in Ae. subdiversus

The Shannoniindex (H) in the first geographic zone was 1.23, indicating relatively low species diversity
within the mosquito.ecommunity. Since the index value is below 1.5, this suggests that a few species are dom-
inant.

The evenness (E). value of 0.59 indicates an uneven distribution of species abundance among the sam-
ples from Zone I(Table 1). A value below 0.7 also points to the dominance of several species.

According, to the study, eight Aedes species were identified in the territories classified as Zone I, with a
significant numerical dominance of Ae. caspius and Ae. dorsalis (Fig. 4).

Theresults for Zone 11 (Table 1) differ slightly. The Shannon index for this area was lower (H = 0.78)
than in Zone |, indicating a lower level of species diversity. Seven Aedes species were recorded in this zone.
The evenness value (E = 0.40) was also lower than in Zone I, suggesting a less even distribution of species
abundance — i.e., a stronger dominance of a single species. In this region, Ae. subdiversus was the dominant
species (Fig. 4).
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mosquito species
Figure 4. Cluster dendrograms based on the relative abundance of mosquito,larvae

In both zones, a nearly equal number of g. Aedes species was recorded — eight in Zone | and seven in
Zone Il — but the species composition differed (Table 2). Fordnstance, larvae of Ae. cyprius, Ae. annulipes,
Ae. cantans, and Ae. subdiversus were not found in the water bodies of Zane I, whereas the latter species was
dominant in Zone Il. Conversely, Ae. dorsalis larvae were notsfoundiin Zone I, and Ae. caspius larvae were
detected at very low abundance (3.9 %). In Zone I, however, these two species were predominant in terms of
abundance. To show the similarities in the species composition of Aedes mosquitoes across two geographic
zones, a cluster analysis was conducted based omthe relative abundance of larvae. The dendrograms (Fig. 4)
present the results of hierarchical clustering using the complete linkage method, where the distance between
clusters is defined as the maximum distance between‘individual elements in each cluster. Euclidean distance
was applied as the dissimilarity measure. The resulting dendrograms allowed for visualization of species as-
sociations based on their dominance within each zone. In Zone I, the most similar species in terms of abun-
dance were Ae. dorsalis and Ae. caspius, forming a distinct cluster, which confirms their dominance in this
area. The remaining species, which/were less numerous, grouped into separate branches, indicating greater
differences. In Zone 1, Ae. subdiversus is clearly separated from the other species, reflecting its numerical
dominance. The rest of the speciesiform@compact cluster with minor differences in abundance (Fig. 4).

The Jaccard index was'approximately 0.545, indicating a moderate level of similarity in mosquito spe-
cies composition between Zone 1and Zone Il. About 54.5 % of the species recorded across both zones were
found in both areas.

Discussion

We identified at'least ten species of Aedes mosquitoes in the Karaganda Region, exhibiting heterogene-
ous patterns of distribution across the area. Notably, the presence of Ae. annulipes, Ae. cantans, Ae.
cataphylla; Aeseuedes, Ae. cyprius, Ae. dorsalis, and Ae. communis has not been previously recorded in the
studied territory.

Previously, the following Aedes species have been reported in the Karaganda Region: Ae. (Rusticoidus)
subdiversus Martini, 1926; Ae. (Ochlerotatus) rossicus Dolbeskin, Gorickaja & Mitrofanova, 1930; Ae.
(Ochlerotatus) caspius Pallas, 1771; Ae. (Ochlerotatus) flavescens Miiller, 1764; Ae. (Aedes) cinereus
Meigen, 1818; and Ae. (Aedimorphus) vexans Meigen, 1830 [10]. In our samples, larvae of Ae. rossicus, Ae.
cinereus, and Ae. vexans were not detected. The spring generation of the first two species typically develops
later than that of other g. Aedes species. Ae. vexans is also considered a thermophilic species [9, 10]. Since
our sampling was conducted at the end of April, it can be assumed that the larvae of these species may ap-
pear in water bodies at a later time.

The Jaccard index indicated considerable similarity in species composition (six shared species), alt-
hough each zone also supported distinct species not found elsewhere. In Zone I1, a smaller number of water
bodies was surveyed, which may lead to some adjustments in future studies. However, it is unlikely that the
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species ratio between the zones will change significantly, as the numerical dominance of certain species is
particularly pronounced. Zone | is characterized by moderate diversity, dominated by two species. A distinct
cluster emerges comprising Ae. dorsalis and Ae. caspius (53.2% and 28.9 %, respectively), the most
abundantly represented species in the study area. Other species, including Ae. communis, Ae. euedes, and Ae.
cantans, form separate clusters, indicating their low and similar encounter rates (Fig. 3).

Zone Il exhibits extremely low diversity, with the absolute dominance of a single species. Ae.
subdiversus stands out as a clear dominant with a substantial prevalence of 81.6 %, positioned distinctly
apart from other species on the dendrogram. The remaining species are more evenly distributed, though their
proportions are minimal (ranging from 1.3 % to 6.6 %) (Fig. 3).

The differences in species composition across the surveyed areas can primarily be attributed to ecologi-
cal factors, such as the predominant types of water bodies, aquatic vegetation (Fig. 2), and soil types. These
factors influence the mineral composition of the water and the persistence of temporary water bodies [16].

Conclusion

The species composition of blood-sucking mosquitoes of the genus Aedes was studiedyin the/Nura Dis-
trict of the Karaganda Region, the city of Karaganda, and adjacent areas. The analysis revealed the presence
of 10 g. Aedes species in the surveyed areas, with an uneven distribution. Dominant species were identified:
in Zone 1, Ae. dorsalis and Ae. caspius (53.2 % and 28.9 %, respectively), andiin Zonegll, Ae. subdiversus
(81.6 %).

The identification of seven species (Ae. annulipes, Ae. cantans, Ae. cataphylla, Ae. euedes, Ae. cyprius,
Ae. dorsalis, Ae. communis) not previously recorded in the Karaganda Region suggests a range expansion of
Aedes mosquitoes, with important epidemiological implications,for arbovirus transmission.

Additionally, the study identified a previously undescribed morphaelogical variation in Ae. subdiversus,
not reflected in existing identification keys.

The findings underscore the species diversity and the necessity for further studies on the fauna of
bloodsucking mosquitoes, utilizing molecular methods; monitoring their abundance, and mapping their dis-
tribution in central Kazakhstan.
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Kaparanab! 00J1bIcbIHBIH KaHcoprbIm Aedes (Diptera; Culicidae) TyKbIMaachbIHbIH
MacaJapbIHbIH TYPIiK KypaMbl

Kymoicra Kaparanaer oOnbicbiHarsl (KazakcTan) macamapipiH TYpiiK KypaMblH 3epTTey HOTHKelNepi
Heri3iHje jkacajraH TypJyiepliH Tiz0eci ychlHbUIFaH.biziH/ HoTmkenepimis AedeS TyKbIMIachlHa JKaTaThIH
KAHCOPFBIII Macanap/blH keM jnerenae 10 Typinin 6ap €KkeHairin kepcerti. COHBIMEH Kartap, 3epTTey aTHITI
MOP(MOJIOTHSIIBIK CHIIATTaMalapAsl KepceTeTiH yirinepAl aHbBIKTafpl, Oyl jKaHa BapHalWs MYMKIHIITIH
kepceteni. byn HoTmkenep ockl MOPGOJIOTUSIIBIK TYPFBIAAH €PEKIIeNeHETIH YITUIepAiH TaKCOHOMMSIIBIK
MopTeOeciH HaKThUIAY YIIiH, ocipece MONEKYITaNbIK OAICTEpZi KOJJaHA OTHIPHI, KOCHIMINA 3epTTeyiep
KYPri3y KaKETTIMIriH aHBIKTaWfAbl. (COHTAM-aK, MXYMBICTa TYpPJCPAIH OPTYPNITITiH KOHE TYPJICPIiH
MOMyJISAIMSAAFEl KOMTiri ,00HbIHINAa OiPKENKi TapalybIHBIH Talgay HOTWKenepi kentipinren. Kaparanmpr
KaJlachl MEH OHBIH MaHaMbIH/aFbl, AJeS TYBICBIHBIH MacalapblHbIH TYPJiK Kypambl Kaparauipl oGIIBICH!
Hypa aynanbsiHbiH Macanap (ayHaCBIHAH epeKileNeHeTiHI kopceTireH. OONbIC OpTaNbIFBIHBIH MaHBIHIAFbI
eH Kken keszmeceriH Typi Aes (Ochg)rdorsalis, an Hypa aynausiama Ae. (Rus.) subdiversus typi 6aceim. By
3eprrey Aedes TyKpIMIACEl MacalapbIHBIH OHOIPTYPIIUIITiH xoHe OHbIH Opranbik Kasakcranaarsl KOFaMIBIK
JICHCAyJIBIK CaKTay YIIiH MaHBI3AbUIBIFBIH TYCIHYT'€ OaFbITTaNFaH OONaIIaK KYMBICTapFa Heri3 KaJlaipl.

Kinm cozoepPedes, Culicidae, sxonmikrep, Typ, lllennon nunekci, [Tueny unnekci, Kakkap unmeci, payna.

E.As llepyoga, }0.B. Anapeesa, V./l. AuapeeBa, A.K. Cubaraes

BufioBoii coctaB kpoBococymux komapos poaa Aedes (Diptera: Culicidae)
Kaparanauuckoii o6s1actu

B Hacroseit paboTe npeacTaBieH nepeueHb BHI0B, COCTABICHHBIN Ha OCHOBE Pe3yJIbTaTOB U3Y4YCHHs BUO-
BOro cocraBa komapoB B KaparannuHckoit oonactu (Kasaxcran). Hamum pe3ysbTaTbl CBHACTENBCTBYIOT O Ha-
anuun He MeHee 10 BUIOB KpoBococymmux komapoB poaa Aedes. Kpome Toro, B Xo/ie MCCIIEI0BaHHUS OBLTH
BBISIBJICHBI 9K3EMILISAPHI, AEMOHCTPHPYIOIINE aTUITHYHBIE MOP(OTIOrHIeCKre XapaKTepHCTUKH, YTO yKa3blBa-
€T Ha BO3MOXKXHOCTb HOBBIX BapHaLIHﬁ. Civ'i PE3YIbTATHI NOAYECPKUBAIOT HCOGXOJII/IMOCTI) llaJ'IbHeﬁHJVIX HCclie-
JIOBaHHMil, 0COOCHHO C UCIOJIb30BAHHEM MOJICKYJISIPHBIX METOJIOB, [UIsl YTOYHEHHS! TAKCOHOMHUYECKOTO CTaTy-
ca 3THX MOP(OIOrHIECKH OTIMYHBIX IK3EeMIUIIPOB. B paboTe Takke MpUBEICHBI Pe3ybTaThl aHaIM3a BUIO-
BOTO Pa3HOO0pa3us M PaBHOMEPHOCTH pacIpeesieH s BUIOB MO UX o0miHio B coobuiectse. [TokazaHo, 4TO
BHJIOBOI coctaB KomapoB p. Aedes r. Kaparaujpl 1 ero okpectHocTell otimuaercs ot (ayHsl komapos Hy-
puHCKOTO paiiona Kaparanmuackoit o61actu. JIOMHHUPYIONIMM 10 YHCICHHOCTH BHIOM B OKPECTHOCTSIX 00-
nactHoro uentpa ssisiercss Ae. (Och.) dorsalis, Torma kak B HypuHCKOM paiioHe YHCICHHO mpeobnagaer

Fundamental And Experimental Biology. 2025, 30, 3(119) 25


https://doi.org/10.1186/s40249-023-01167-z
https://bigenc.ru/c/kashtanovye-pochvy-581c74
https://doi.org/10.2307/1942268

Ye.A. Sheruova, Y.V. Andreeva et al.

Ae. (Rus.) subdiversus. lanHOe HcClieIOBaHKE 3aKIIaIbIBACT OCHOBY [UIs OYAyIIUX paboT, HAIPaBICHHBIX Ha
MOHUMaHHe GHOPa3HOOOpasust KOMApOB posia Aedes U ero 3HauCHHs JUTs OOIIECTBEHHOTO 3[PaBOOXPAHEHHUS B
neHrpanbHoM Kaszaxcrane.

Knroueswie cnosa: Aedes, Culicidae, nacekombie, Buabl, nuaekc lllennona, unaekce [ueny, unaexc XKakkapa,
(dayHa.
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