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Abstract: Chironomids can inhabit a large variety of water bodies. They contribute to the pro-
cess of biological purification of water bodies, and they are a high-quality food for commercial
fish. Any comprehensive study of biodiversity in water bodies begins with the investigation of
chironomids, which are typically variable and difficult to identify through morphology. Similar
species are called sibling-species. For precise identification, we used a comprehensive approach,
including morphology, cytogenetics, and molecular genetics. In one sample from Kurchatskoe Lake
(Tyumen reg.), with mineralized water of 7‰, we found three Chironomus species. Karyological
analysis revealed seven banding sequences in Chironomus agilis2, eight in Ch. balatonicus, and seven
in Camptochironomus tentans. The combination of balD1.2 was found in all Ch. balatonicus larvae. All
the found banding sequences are typical for the studied region, and have previously been recorded
in European and Altai populations. All the estimated genetic distances of COI gene sequences in
the studied larvae of each species are much lower than the commonly accepted threshold of 3% in
species of the genus Chironomus.

Keywords: karyotype; Chironomus agilis2; Chironomus balatonicus; Camptochironomus tentans; COI;
barcoding; mineralization

1. Introduction

The study of lakes with increased mineralization arouses increasing interest, because
there we can find hydrobionts that are not characteristic of that region, or their unusual
communities. The research area is located in the south of Western Siberia, in the Tobolo-
Ishim forest-steppe [1]. It is noted that most of the lakes are non-flowing, shallow, and
growing over with vegetation; the shores are often swampy. Intensive evaporation of water
and low rainfall contributes to increased mineralization [2]. Lakes with a mineralization
of 1–10‰ make up about 28% of all Ishim Plain lakes [3]; at the moment of sampling, the
water mineralization of Kurchatskoe Lake was 7‰.

Previously, Chironomus had not been studied in Kurchatskoe or nearby lakes. In
different lakes of the Tobolo-Ishim forest-steppe were noted Chironomus plumosus (Linnaeus,
1758), Ch. cingulatus (Meigen, 1830), Ch. dorsalis (Meigen, 1818), Ch. anthracinus (Zetterstedt,
1860), and Ch. heterodentatus (Konstantinov, 1956) [2,4]. In most previous studies, the
species were specified as Ch. gr. plumosus or Chironomus sp. [5,6]. Only Camptochironomus
tentans (Fabricius, 1805) was previously noted in the Tyumen region [4,5]. In all listed
investigations, the species identification of Chironomus was conducted by morphology. As
is known, the Chironomus genus is characterized by sibling-species which are difficult to
identify by morphology alone [7,8]. Cytogenetics helps to resolve this problem, as many
new species of Chironomus have been recognized among cryptic species using chromosomal
analysis [7,9]. Most studies recommend using multiple approaches including morphology,
cytogenetic, and molecular-genetic analysis [10–12]. Following these recommendations,
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we found, in Kurchatskoe Lake (in one sample), Ch. agilis2 (Kiknadze, Siirin & Filippova,
1991), Ch. balatonicus (Dévai, Wülker & Scholl, 1983), and C. tentans, which are common in
the Palearctic [8,13,14].

Ch. agilis2 and Ch. balatonicus belong to the sibling-species of the Ch. plumosus group:
Ch. agilis (Shobanov & Djomin, 1988), Ch. agilis2, Ch. balatonicus, Ch. bonus (Shilova & Dzh-
varsheishvili, 1974), Ch. borokensis (Kerkis, Filippova, Shobanov, Gunderina et Kiknadze,
1988), Ch. entis (Shobanov, 1989), Ch. sp. J (Kiknadze, Shilova & Kerkis, 1991), Ch. muratensis,
Ch. nudiventris (Ryser, Scholl & Wülker, 1983), Ch. plumosus, and Ch. usenicus (Loginova &
Belyanina, 1994) [13]. The first description of Ch. agilis2 was performed by karyotype and
characterized by a low level of chromosomal polymorphism (0.04 inv. per individual) [15].
By morphological and karyotype characteristics, the species of Ch. agilis and Ch. agilis2
are similar, the main difference being the presence in Ch. agilis2 of a heterochromatinized
centromeric disc, and a new banding sequence in arm C [15]. The species with hete-
rochromatinized centromere discs are typical of the Altai and Yakutian reservoirs [8,13,14].
Previously, Ch. agilis2 was found in the Novosibirsk, Altai, and Kurgan regions, as well
as Kazakhstan [9,15,16].

The original description of Ch. balatonicus was from the Balaton Lake in Hungary [17],
but the karyotype was known before as a new race of Ch. plumosus [18,19]. The species
is characterized by a wide range of habitats in the Palearctic. It was found in Hungary,
Bulgaria, Poland [17,20,21], Russia (Kaliningrad, Leningrad, Moscow, Yaroslavl, Volgograd,
Omsk, Penza, Novosibirsk, and Altai regions), Kazakhstan, etc. [7,9,18,19,22–24]. A fea-
ture of the Ch. balatonicus karyotype is the presence of fixated pericentric inversions in
chromosomes CD and EF [9,25,26]. In the banding pool sequence of Ch. balatonicus, more
than 59 sequences were noted [23], and then three endemic sequences from the Vistula
Lagoon, with the average mineralization of water at 3.8 ‰, were added [22]. Arm D is the
most polymorphic and an increase in the frequency of occurrence of the balD2 sequence is
associated with the pollution of water [21].

Camptochironomus tentans is a common species in the Palearctic. Previously, it was
found in England, Germany, Switzerland, Austria, Bulgaria, Armenia, Kazakhstan, and
Russia, in the Kaliningrad [27], Ural, Irkutsk, Tyva, Yakutia, and Altai regions [7,27–40].
C. tentans has three sibling-species, C. pallidivittatus in the Holarctic [41], C. dilutus in
North America [42], and C. biwaprimus, which is endemic to Japan [43]. In the C. tentans
banding pool sequences, about 62 sequences in the Holarctic, and 43 in the Palearctic, were
noted [13,41]. Later, four new sequences were found in the Saratov reg. [44].

It is known that the recorded species possess a high level of heterozygosity and
heterozygotes per individual; 65–100% and 0.8–2.3, respectively, for Ch. balatonicus [23,45],
and 95–99% and 2.0–2.6 for C. tentans [13,27]. The distribution of banding sequences and
compositions of zygotic combinations over the areal has a regularity; it is more dependent
on conditions in water bodies than on geographical location [13,24,46].

The current study aims to precisely identify the cryptic species of Chironomus larvae
from Kurchatskoe Lake with mineralized water using a variety of approaches, includ-
ing morphology, cytogenetics, and molecular genetics, as well as a study of the level of
chromosomal polymorphism in the identified species.

2. Materials and Methods

Fourth instar larvae of Ch. agilis2, Ch. balatonicus, and C. tentans were collected
from Kurchatskoe Lake (55◦58′43.4′′ N 67◦40′50.4′′ E) in the Armizon district, Tyumen
region, Russia, in October 2021. The mineralization of water was 7‰. The depth of the
sample location was 0.3 m. The bottom was sand. One larva of Ch. agilis2, eight larvae of
Ch. balatonicus, and one larva of C. tentans were found in one sample.

All larvae were studied karyologically by ethanol-orcein technique [47]. The age
was determined by the standard method [48]. A Micromed-6C (LOMO, St. Petersburg,
Russia) light microscope equipped with a standard (kit) oil objective x100 and a camera
ToupCam5.1 (China) was used for microscopy analysis.
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To identify chromosome banding sequences, existing cytomaps [7,9,15,23,25,42,49–52]
were used.

Larvae of Ch. agilis2 and C. tentans, and one larva of Ch. balatonicus, studied karyologi-
cally, were taken for the total DNA extraction using the «M-sorb-OOM» (Sintol, Moscow,
Moscow region, Russia) kit with magnet particles, according to the manufacturer’s protocol.
For amplification of COI (cytochrome oxidase subunit I), we used primers LCO1490 (5′-
GGTCAACAAATCATAAAGATATTGG-3′) and HCO2198 (5′-TAAACTTCAGGGTGACCA
AAAAATCA-3′) (Eurogen, Moscow, Moscow region, Russia) [53]. An amplification reaction
was carried out in 25 µL reaction mixture (1x buffer, 1.5 µM MgCl2, 0.5 mM of each primer,
0.2 µM dNTP of each nucleotide, 17.55 µL deionized water, 1 µL template DNA, and 1 unit
Taq-polymerase (Evrogen, Moscow, Moscow region, Russia). PCR was performed at 94 ◦C
(3 min), followed by 30 cycles at 94 ◦C (15 s), 50 ◦C (45 s), 72 ◦C (60 s), and a final extension
at 72 ◦C (8 min). PCR products were visualized on 1% agarose gels and later purified
by ethanol and ammonium acetate (3 M). Both strands were sequenced on an Applied
Biosystems 3500 DNA sequencer (Thermo Scientific, Waltham, MA, USA) following the
manufacturer’s instructions.

For the alignment of COI nucleotide sequences, we used MUSCLE in the MEGA6
software [54]. MEGA6 was used to calculate pairwise genetic distances (p-distance) with
codon position preferences: 1st, 2nd, 3rd, and noncoding sites. The Bayesian analysis
was performed using the program MrBayes v.3.2.6 [55,56], with the previously suggested
settings [57–59], for 1,000,000 iterations and 1000 iterations of burn-in, nst = 6 (GTR + I + G).
The phylogenetic trees resulting from the Bayesian inference analyses were visualized and
edited using FigTree v.1.4.3 [60].

In addition, forty-three COI gene sequences of the genus Chironomus from “GenBank”
and “Barcode of Life Data Systems” (BOLD) were analyzed. Accession numbers of used
sequences in GenBank and BOLD: Ch. agilis (Shobanov & Djomin, 1988) (MZ656297),
Chironomus agilis2 (Kiknadze, Siirin & Filippova, 1991) (AF192190), Ch. balatonicus (Dévai,
Wülker & Scholl, 1983) (JN016827, JN016826, AF192193), C. biwaprimus (Sasa & Kawai
1987) (AF110166), Ch. acutiventris (Wülker, Ryser et Scholl, 1983) (AF192200), Ch. annularius
(Meigen, 1818) (AF192189), Ch. anthracinus (Zetterstedt, 1860) (KF278222), Ch. aprilinus
(Meigen, 1818) (KC250746), Ch. bernensis (Wülker & Klötzli, 1973) (AF192188), Ch. borokensis
(Kerkis, Filippova, Schobanov, Gunderina et Kiknadze, 1988) (AB740261), Ch. cingulatus
(Meigen, 1830) (AF192191, MZ660558), Ch. commutatus (Keyl, 1960) (AF192187.1), Ch. curabilis
(Belyanina, Sigareva et Loginova, 1990) (JN016810.1), C. dilutus (Shobanov, Kiknadze et
Butler, 1999) (KF278335.1), Ch. entis (Shobanov, 1989) (KM571024.1), Ch. heterodentatus (Kon-
stantinov, 1956) (AF192199.1), Ch. heteropilicornis (Wülker, 1996) (MK795770.1), Ch. luridus
(Strenzke, 1959) (AF192203), Ch. maturus (Johannsen, 1908) (DQ648204), Ch. melanotus (Keyl,
1961) (OL546775), Ch. nipponensis (Tokunaga, 1940) (DQ648206), Ch. novosibiricus (Kiknadze,
Siirin et Kerkis, 1993) (AF192197), Ch. nuditarsis (Keyl, 1961) (KY225345), C. pallidivittatus
(Malloch, 1915) (AF110164), Ch. piger (Strenzke, 1959) (AF192202), Ch. pilicornis (Fabricius,
1787) (HM860166), Ch. plumosus (Linnaeus, 1758) (KF278217.1), Ch. pseudothummi (Strenzke,
1959) (KC250754), Ch. riparius (Meigen, 1804) (KR756187.1), Ch. salinarius (Kieffer, 1915)
(KR641621), Ch. sokolovae (Istomina, Kiknadze & Siirin, 1999) (MW471100), Ch. sororius
(Wülker, 1973) (MZ324811), C. tentans (Fabricius, 1805) (AF110157, AF110156, AF110158,
MZ658107, MN942989), Ch. tuvanicus (Kiknadze, Siirin et Wülker, 1993) (AF192196.1),
Ch. usenicus (Loginova & Belyanina, 1994) (JN016820.1), and Ch. whitseli (Sublette et Sub-
lette, 1974) (KR683438.1). The COI sequence of Drosophila melanogaster (Meigen, 1830)
(HQ551913) was used as an outgroup in the phylogenetic analysis.

3. Results
3.1. Morphological Characters of Ch. agilis2 from Kurchatskoe Lake

The morphological characteristics of the larva satisfied the original description of
Ch. agilis2 [15]. Photos of the morphology of the larva are presented for the first time in
this study (Figure 1). Body length was 14 mm. Head capsule was yellow (light brownish).
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Occipital sclerites were dark; on the lateral side there was an intensely colored area, and
borders were blurred. Basal segment of the antenna was wedge-shaped; blade was extended
to the middle of the fourth or base of the fifth segment. The ring organ was located at a
length of 2/3 (almost 1/2) of the basal segment length. Ventromental plates with small teeth
were on the front edge. The larva in our preparation had a damaged mentum, but it had a
light brownish coloration and its characteristics corresponded to those of the Ch. plumosus
group. All four teeth of the mandible were dark brown in color.

Diversity 2022, 14, 1044  5 of 15 
 

 

3. Results 

3.1. Morphological Characters of Ch. agilis2 from Kurchatskoe Lake 

The morphological characteristics of the larva satisfied the original description of Ch. 

agilis2 [15]. Photos of the morphology of the larva are presented for the first time in this 

study (Figure 1). Body length was 14 mm. Head capsule was yellow (light brownish). Oc‐

cipital sclerites were dark; on  the  lateral side  there was an  intensely colored area, and 

borders were blurred. Basal segment of  the antenna was wedge‐shaped; blade was ex‐

tended to the middle of the fourth or base of the fifth segment. The ring organ was located 

at a length of 2/3 (almost 1/2) of the basal segment length. Ventromental plates with small 

teeth were on the front edge. The larva in our preparation had a damaged mentum, but it 

had a light brownish coloration and its characteristics corresponded to those of the Ch. 

plumosus group. All four teeth of the mandible were dark brown in color. 

 

Figure 1. Larva morphology of Ch. agilis2 from Kurchatskoe Lake. (a) Head capsule, (b) mandible 

(fragment), (c) ventromental plate, (d) mentum, and (e) antenna. 

3.2. Karyotypes of Chironomus from Kurchatskoe Lake 

3.2.1. Karyotype of Chironomus agilis2 

The species was described as cytospecies [15]. By karyotype characteristics, Ch. agilis2 

was very similar to Ch. agilis, but differed from them by the size of its heterochromatinized 

centromeric region and banding sequences in arm C [9,15]. 

The species has a 2n = 8 set of chromosomes. By the chromosome arm combination 

AB CD EF G, the species belongs to the Chironomus “thummi” cytocomplex. Two nucleoli 

were found in arm G, and Balbiani rings were found in arms B and G (Figure 2). 

One zygotic combination was found: agi2A1.1. B1.1. C1.1. D1.1. E1.1. F1.1. G1.1. All 

banding sequences were previously found in different populations [9,15,61]. 

Arm A—one banding sequence: agi2A1 1a‐2c 10a‐12c 3i‐2h 4d‐9e 2d‐g 4c‐a 13a‐19f C 

[15,61]. 

Arm B—one banding sequence: agi2B1 25s‐q 18n‐16a 22ab 23c‐22s 25l‐p 21h‐18o 21i‐

t 15r‐g 23f‐25k 22r‐c 23de 15f‐12v C [61–63]. 

Figure 1. Larva morphology of Ch. agilis2 from Kurchatskoe Lake. (a) Head capsule, (b) mandible
(fragment), (c) ventromental plate, (d) mentum, and (e) antenna.

3.2. Karyotypes of Chironomus from Kurchatskoe Lake
3.2.1. Karyotype of Chironomus agilis2

The species was described as cytospecies [15]. By karyotype characteristics, Ch. agilis2
was very similar to Ch. agilis, but differed from them by the size of its heterochromatinized
centromeric region and banding sequences in arm C [9,15].

The species has a 2n = 8 set of chromosomes. By the chromosome arm combination
AB CD EF G, the species belongs to the Chironomus “thummi” cytocomplex. Two nucleoli
were found in arm G, and Balbiani rings were found in arms B and G (Figure 2).
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Figure 2. Karyotype of Chironomus agilis2 from Kurchatskoe Lake, Tyumen, Russia. Arrows indi-
cate centromeric bands; p’agi2A1, p’agi2B1, etc., genotypic combinations of banding sequences in
chromosome arms; BR, Balbiani rings; N, nucleolus; and prefix p’ for Palearctic sequences, h’ for
Holarctic sequences.

One zygotic combination was found: agi2A1.1. B1.1. C1.1. D1.1. E1.1. F1.1. G1.1. All
banding sequences were previously found in different populations [9,15,61].

Arm A—one banding sequence: agi2A1 1a-2c 10a-12c 3i-2h 4d-9e 2d-g 4c-a 13a-
19f C [15,61].

Arm B—one banding sequence: agi2B1 25s-q 18n-16a 22ab 23c-22s 25l-p 21h-18o 21i-t
15r-g 23f-25k 22r-c 23de 15f-12v C [61–63].

Arm C—one banding sequence: agi2C1 1a-e 5b-4h 16h-a 7d-a 6f-c 2c-1f 5c-6b 11c-8a
15e-11d 6gh 17a 4g-2d 17b-22g C [15,25].

Arm D—one banding sequence: agi2D1 1a-d 4a-7g 18a-d 8a-10a 13a-11a 3g-1e 10e-b
13b-14a 20d-18e 17f-14b 21a-24g C [25].

Arm E—one banding sequence: agi2E1 1a-3a 4c-10b 3e-b 4b-3f 10c-13g [26].
Arm F—one banding sequence: agi2F1 1a-d 6e-1e 7a-10d 18c-a 11a-17d 18d-23f C [9,15].
Arm G—one banding sequence: agi2G1. Not mapped.
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3.2.2. Karyotype of Chironomus balatonicus

The species has a 2n = 8 set of chromosomes. By the chromosome arm combination AB
CD EF G, the species belongs to the Chironomus “thummi” cytocomplex. The chromosomes
AB and CD are metacentric, EF is submetacentric, and G is telocentric. One nucleolus was
found in arm G. Balbiani rings were found in arms B and G (Figure 3). In all studied larvae
there was found one banding sequence: balA1.1. B1.1.C1.1.D1.2.E1.1.F1.1.G1.1. All eight
banding sequences were previously published [7,9,17,23].

Diversity 2022, 14, 1044  7 of 15 
 

 

Arm B—one banding sequence: p’balB1 25s‐l 22u‐o 21b‐16a 22a‐n 21c‐t 15r‐g 23f‐25k 

23a‐e 15f‐12v C. 

Arm C—one banding sequence: 1a‐2c 6c‐f 7a‐d 16a‐17a 6hg 11d‐12d 4a‐6b 11c‐8a 15e‐

13a 3c‐2d 17b‐22g  [D24c‐e D23ba D24b‐D23c D24fg C]  [9,25]. A  similar  inversion was 

found in Chironomus oculatus [64]. 

Arm D—two banding sequences: p’balD1 1a‐3g 10b‐e 4a‐7g 18a‐d 8a‐10a 13a‐11a 13b‐

17f 18e‐22e C was found in heterozygous state with p’balD2 1a‐3g 10b‐e 4a‐7g 18a‐d 8a‐

10a 15d‐13b 11a‐13a 15e‐17f 18e‐22e C. 

Arm E—one banding sequence: p’balE1 1a‐3a 4c‐10b 3e‐b 4b‐3f 10c‐13e C. 

Arm F—one banding sequence: p’balF1 1a‐10b 18ed 17d‐11a 18a‐c 10dc 19a‐21a [22d‐

21b E13gf 22e‐23f C]. 

Arm G—one banding sequence: p’balG1. Not mapped. 

 

Figure 3. Karyotype of Chironomus balatonicus from Kurchatskoe lake, Tyumen, Russia. Arrows in‐

dicate centromeric bands; p’balA1, p’balB1, etc., genotypic combinations of banding sequences in 

chromosome arms; BR, Balbiani rings; N, nucleolus; and prefix p’ for Palearctic sequences. 

3.2.3. Karyotype of Camptochironomus tentans 

The species has a 2n = 8 set of chromosomes. By the chromosome arm combination 

AB CF DE G, the species belongs to the «camptochironomus» cytocomplex. Two nucleoli 

were found in arms B and D. Three Balbiani rings were found in arm G (Figure 4). In the 

studied  larva  there  was  found  one  banding  sequence:  tenA2.2. 

B1.1.C1.1.F1.1.D1.1.E1.1.G1.1. All banding sequences were previously published [7,36,44]. 
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indicate centromeric bands; p’balA1, p’balB1, etc., genotypic combinations of banding sequences in
chromosome arms; BR, Balbiani rings; N, nucleolus; and prefix p’ for Palearctic sequences.

Arm A—one banding sequence: p’balA1 1a-2a 2f-d 9e-4d 2h-3i 12c-10a 2cb 2g 4c-a
13a-14f 15a-14g 15b-19f C.

Arm B—one banding sequence: p’balB1 25s-l 22u-o 21b-16a 22a-n 21c-t 15r-g 23f-25k
23a-e 15f-12v C.

Arm C—one banding sequence: 1a-2c 6c-f 7a-d 16a-17a 6hg 11d-12d 4a-6b 11c-8a
15e-13a 3c-2d 17b-22g [D24c-e D23ba D24b-D23c D24fg C] [9,25]. A similar inversion was
found in Chironomus oculatus [64].

Arm D—two banding sequences: p’balD1 1a-3g 10b-e 4a-7g 18a-d 8a-10a 13a-11a
13b-17f 18e-22e C was found in heterozygous state with p’balD2 1a-3g 10b-e 4a-7g 18a-d
8a-10a 15d-13b 11a-13a 15e-17f 18e-22e C.

Arm E—one banding sequence: p’balE1 1a-3a 4c-10b 3e-b 4b-3f 10c-13e C.
Arm F—one banding sequence: p’balF1 1a-10b 18ed 17d-11a 18a-c 10dc 19a-21a [22d-

21b E13gf 22e-23f C].
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Arm G—one banding sequence: p’balG1. Not mapped.

3.2.3. Karyotype of Camptochironomus tentans

The species has a 2n = 8 set of chromosomes. By the chromosome arm combination AB
CF DE G, the species belongs to the «camptochironomus» cytocomplex. Two nucleoli were
found in arms B and D. Three Balbiani rings were found in arm G (Figure 4). In the studied
larva there was found one banding sequence: tenA2.2. B1.1.C1.1.F1.1.D1.1.E1.1.G1.1. All
banding sequences were previously published [7,36,44].
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Figure 4. Karyotype of Camptochironomus tentans from Kurchatskoe Lake, Tyumen reg., Russia. Ar-
rows indicate centromeric bands; p’tenA2, p’tenB1, etc., genotypic combinations of banding sequences
in chromosome arms; BR, Balbiani rings; N, nucleolus; and prefix p’ for Palearctic sequences.

Arm A—one banding sequence: p’tenA2 20CBA 19CBA 18CBA 12C 13ABC 14ABC
15ABC 16ABC 17ABC 18A 12BA.

Arm B—one banding sequence: p’tenB2 1A 9BA 8CBA 7CBA 6CBA 5CBA 4CBA 3CBA
2CBA 1CB 9C 10ABC 11ABC.

Arm C—one banding sequence: p’tenC2 1ABC 2ABC 3ABC 4ABC 8A 7CBA 6CBA
5CBA 8BC 9ABC 10ABC.

Arm F—one banding sequence: p’tenF1 20CBA 19CBA 18CBA 17CBA 16CBA 15CBA
14CBA 13CBA 12CBA 11CBA.

Arm D—one banding sequence: p’tenD1 1ABC 2ABC 3ABC 4ABC 5ABC 6ABC 7ABC
8ABC 9ABC 10ABC.

Arm E—one banding sequence: p’tenE1 16CBA 15CBA 14BCA 13CBA 12CBA 11CBA 10CBA.
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Arm G—one banding sequence: p’tenG1 1ABC 2ABC 3ABC 4ABC 5ABC 6ABC.

3.3. COI Gene Sequences and Phylogenetic Analysis of Chironomus from Kurchatskoe Lake

Characteristics of the obtained COI gene sequences for studied species:

1. Ch. agilis2: GenBank accession number OP435179; length 675 bp; percentage of
nucleotides A:24, C:21, G:18, and T:37.

2. Ch. balatonicus: GenBank accession number OP435180; length 677 bp; percentage of
nucleotides A:25, C:20, G:17, T:38.

3. C. tentans: GenBank accession number OP434795; length 671 bp; percentage of nu-
cleotides A:27, C:19, G:16, T:38.

3.3.1. Genetic Distances between Chironomus Obtained with K2P

In GenBank, we found one COI gene sequence (AF192190) in Ch. agilis2 from the
Novosibirsk region, identified by karyology [65,66]. The pairwise genetic distance between
the sequences of Ch. agilis2 from the Novosibirsk reg. and Tyumen reg. was 1.0% (Table 1),
which is much lower than the accepted 3% interspecific threshold [11,12,67–69]. The genetic
distance between sequences of Ch. agilis2 (OP435179) and Ch. agilis (MZ656297) from
Finland, identified by morphology [70], was 17.2%. At the same time, the distance between
Ch. agilis (MZ656297) and Ch. cingulatus (MZ660558) from Finland was 0%, and Ch.
cingulatus (AF192191) from Novosibirsk reg. was 13.9%. Ch. agilis (MZ656297) was closest
to Ch. heterodentatus (AF192199), with a distance of 1.9%.

Table 1. The pairwise genetic distances (K2P) between COI gene sequences of Chironomus species.

No.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

C
h.

ag
il

is
2

O
P4

35
17

9
Ty

um
en

re
g.

C
h.

ag
il

is
2

A
F1

92
19

0
N

ov
os

ib
ir

sk
re

g.

C
h.

ba
la

to
ni

cu
s

O
P4

35
18

0
Ty

um
en

re
g.

C
h.

ba
la

to
ni

cu
s

JN
01

68
27

Sa
ra

to
v

re
g.

C
h.

ba
la

to
ni

cu
s

JN
01

68
26

Sa
ra

ro
v

re
g.

C
h.

ba
la

to
ni

cu
s

A
F1

92
19

3
N

ov
os

ib
ir

sk
re

g.

C
.t

en
ta

ns
O

P4
34

79
5

Ty
um

en
re

g.

C
.t

en
ta

ns
M

N
94

29
89

C
hi

na

C
.t

en
ta

ns
M

Z
65

81
07

Fi
nl

an
d

C
.t

en
ta

ns
F1

10
15

8
Sw

ed
en

C
.t

en
ta

ns
A

F1
10

15
7

A
lt

ai
re

g.

C
.t

en
ta

ns
A

F1
10

15
6

Ya
ku

ti
a

re
g.

C
.p

al
li

di
vi

tt
at

us
A

F1
10

16
4

Ya
ku

ti
a

re
g.

C
.b

iw
ap

ri
m

us
A

F1
10

16
6

Ja
pa

n

C
h.

ag
il

is
M

Z
65

62
97

Fi
nl

an
d

C
h.

ci
ng

ul
at

us
M

Z
66

05
58

Fi
nl

an
d

C
h.

ci
ng

ul
at

us
A

F1
92

19
1

N
ov

os
ib

ir
sk

re
g.

1
2 1.0
3 6.8 6.2
4 6.8 6.2 0.0
5 6.8 6.2 0.0 0.0
6 6.8 6.2 0.8 0.8 0.8
7 16.7 16.2 14.8 14.8 14.8 13.9
8 18.0 17.0 17.0 17.0 17.0 16.0 4.5
9 16.7 16.2 14.8 14.8 14.8 13.9 0.0 4.5
10 16.5 16.0 14.8 14.8 14.8 13.9 0.4 4.7 0.4
11 16.5 16.0 14.6 14.6 14.6 14.1 0.2 4.7 0.2 0.6
12 16.5 16.0 15.1 15.1 15.1 14.1 0.2 4.3 0.2 0.6 0.4
13 16.7 16.2 15.3 15.3 15.3 14.4 1.1 4.3 1.1 1.5 1.3 1.0
14 17.5 16.5 16.8 16.8 16.8 15.8 4.7 1.0 4.7 4.9 4.9 4.5 4.5
15 17.2 16.9 17.7 17.7 17.7 17.7 16.0 16.0 16.0 16.2 15.7 16.2 16.2 16.2
16 17.2 16.9 17.7 17.7 17.7 17.7 16.0 16.0 16.0 16.2 15.7 16.2 16.2 16.2 0.0
17 12.3 11.2 10.8 10.8 10.8 10.3 16.9 16.9 16.9 16.9 17.1 16.7 17.1 17.2 13.9 13.9 0.0
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For Ch. balatonicus. we used sequences from the Saratov reg. (JN016826. JN016827)
and Novosibirsk reg. (AF192193). Specimens were studied cytogenetically [65,71]. The
distance between sequences of Ch. balatonicus from the Tyumen reg. and Saratov reg. was
0%; between the Tyumen reg. and Novosibirsk reg. the distance was 0.8% (Table 1).

The smallest genetic distance was between sequences of C. tentans (OP434795) from
the Tyumen reg. and C. tentans (MZ658107) from Finland, at 0.0% (Table 1). The distance
between sequences of C. tentans (OP434795) from the Tyumen reg. and C. tentans from the
Altai reg. (Russia) and Yakutia reg. (Russia) was 0.2%. C. tentans (AF110158) from Sweden,
identified cytogenetically [43], was 0.4%. The distance between C. tentans (OP434795) and
C. pallidivittatus (AF110164) from the Yakutia reg. was 1.1%.

The distance between C. tentans (OP434795) from the Tyumen reg. (Russia) and
C. tentans (MN942989) from China [72] was 4.5%. The distance between C. tentans (MN942989)
from China and C. biwaprimus (AF110166) from Japan [43] was 1%.

3.3.2. Analysis of the Phylogenetic Tree

On the phylogenetic tree, gene sequences of Ch. agilis2 from the Tyumen reg. (OP435179)
and Novosibirsk reg. (AF192190) formed a separate cluster from Ch. agilis (MZ656297) and
Ch. cingulatus (MZ660558) from Finland (Figure 5). Here we see a repeat of the situation
with genetic (K2P) distances (Table 1). The sequences of Ch. balatonicus from the Tyumen
reg. (OP435180), Saratov reg. (JN016826. JN016826), and Novosibirsk reg. (AF192193)
formed a separate cluster, and, with Ch. agilis2 (OP435179. AF192190), they were combined
in the Chironomus plumosus group cluster.
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Figure 5. Bayesian tree of the analyzed samples of Chironomus (Camptochironomus) spp., inferred from
COI gene sequences. Species name. GenBank accession numbers and group name are shown to the
right of the branches. Support p-values are given if they exceed 0.3.
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In C. tentans, we distinguished two clusters. The first cluster included C. tentans
sequences from the Tyumen reg. (OP434795), Finland (MZ658107), Sweden (AF110158),
the Altai reg. (AF110157), and the Yakutia reg. (AF110164). The second cluster included
sequences of C. tentans from China (MN942989) and C. biwaprimus from Japan (AF110166).

4. Discussion

Most investigations into the biodiversity of water bodies (rivers, lakes, ponds, and
temporary reservoirs) begin with the study of chironomids. They contribute significantly
to biomass and provide food for industrial fish. They build tube-shaped houses; as a result,
the area of interaction between bottom sediments and water increases and microbiolog-
ical processes intensify. They also surpass Dreissena polymorpha (Pallas, 1771) in relative
sedimentation activity, all of which contributes to the biological purification of water [73].

The ecological plasticity determined by morphological and cytogenetic variability
allows them to inhabit various reservoirs [7,24,46]; at the same time, this makes them
difficult to identify.

In one sample location at Kurchatskoe Lake, with the mineralization of water at 7‰,
near Tyumen city, we found a few Chironomus larvae. By using only morphological charac-
ters, we cannot identify all larvae with high precision. All morphological characteristics, in
general, correspond to the species Ch. agilis2 [15], Ch. balatonicus [7], and C. tentans [7,42].
Papers studying chironomids recommend a multiple approach that includes cytogenetic
and molecular-genetic analysis [10–12].

Using karyotype characteristics, especially the presence of a heterochromatinized cen-
tromeric disc, we identified one of the species as Ch. agilis2 [15]. The level of polymorphism
in Ch. agilis2 is known to be very low [15], and we did not find any alternative banding
sequences. Molecular-genetic analysis showed the genetic distance between Ch. agilis2
from the Tyumen reg. (OP435179) and Novosibirsk reg. (AF192190) to be 1%, which is
much lower than the 3% accepted interspecific threshold. The first description indicated
a high affinity between Ch. agilis2 and Ch. agilis at the cytogenetic and biochemical lev-
els [15]; however, in the Bayesian three (Figure 5), they are in different branches. A detailed
study showed that Ch. agilis (MZ656297) and Ch. cingulatus (MZ660558) from Finland
are in the same branch as Ch. heterodentatus (AF192199), studied cytogenetically [65,66],
with a distance of 1.9%. The distance between sequences of Ch. cingulatus from Finland
(MZ660558), identified by morphology [70], and from the Novosibirsk reg., identified
by karyology [65,66], was 13.9%. We assume that this was a case of misidentification of
sibling-species by morphology, as previously shown by Ch. melanotus [59].

A high level of chromosomal polymorphism is typical for Ch. balatonicus [23,45]. In all
the Ch. balatonicus larvae founded in Kurchatskoe Lake, we found one zygotic combination.
The main feature of this finding is the presence of balD1 and balD2 banding sequences in
only heterozygous states. The frequency of balD1.2 in the Altai reg. population is 8–18%; in
Novosibirsk reg. it is 0–29%, in Kazakhstan it is 0–6%, and in Lithuania it is 50% [23]. We
know that the quantity of individuals is too small for statistical analysis, but we can assume
that there is an excess of heterozygotes for balD1.2 in Kurchatskoe Lake. It was shown that,
in the distribution of banding sequences and the compositions of zygotic combinations
in range of habitat depend more on conditions in water bodies than on geographical
localization [13,24,46]. In addition, in experiments with infection by the entomopathogenic
bacterium Bacillus thuringiensis israelensis, it was found that the presence of balD1.1 and
balD2.2 reduces the possibility of infection [74]. Based on these data, we suggest the
presence balD1.2 combination has adaptive significance for larvae in the mineralized water
in Kurchatskoe Lake. On the phylogenetic tree, all sequences of Ch. balatonicus form one
cluster. The genetic distances between Ch. balatonicus from Kurchatskoe Lake (OP435180)
and other sequences do not exceed the 3% accepted interspecific threshold. This low level
of chromosomal polymorphism could be a result of the proximity of the range boundary of
the species [23].
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In one larva of C. tentans we found one zygotic combination with sequences in a
homozygous state, which is atypical for this species, as it was noted that the quantity of
heterozygous larvae varies from 78 to 100% [36,44]. Alternate sequences tenA2 and tenC2
typically predominated in Ural and West Siberian populations, reaching 85% in the Altai reg.
and Kazakhstan populations [36]. Sequence tenB2 is common in European populations [36].
The sequences tenD1, tenE1, and tenF1 are typical in all studied regions [36,44]. The genetic
distances and position on the phylogenetic tree suggest that C. tentans from Kurchatskoe
Lake has no differences from the Finnish population, and has minimal distance between
the Altai reg. and Yakutian populations.

The distance between sequences of C. tentans from Kurchatskoe Lake (OP434795) and
China (MN942989) was more than 3%, which suggests misidentification of the species.
On the phylogenetic tree, we can see that the distance between C. tentans from China
(MN942989) and C. biwaprimus (AF110166) was about 1% (Table 1), and, on the phylogenetic
tree, they form a distinct branch (Figure 5). Similar results were obtained previously
in Camptochironomus with a Holarctic distribution [43]. It is noted that C. biwaprimus is
endemic to Japan, and has been described on morphological grounds as being close to
C. tentans [43,75].

5. Conclusions

Tobolo-Ishim forest-steppe lakes, small and closed, are studied on a regular basis.
They are interesting in their conditions, the first being mineralization. About 63% of
them are slightly mineralized > 1‰, 28% are mineralized 1–10‰, and 8% are highly
mineralized > 10‰ [3]. Larvae were sampled from the previously unstudied Kurchatskoe
Lake, with mineralization of 7‰. Using a comprehensive approach, including morphology,
cytogenetics, and molecular genetics, we found three species of Chironomus. In all larvae of
Ch. agilis2, Ch. balatonicus, and C. tentans, common in Europe and the Altai reg, banding
sequences were found. Usually high-heterozygous, Ch. balatonicus and C. tentans possess
2 heterozygotes per individual; in Kurchatskoe Lake they were low-heterozygous. Low
chromosomal polymorphism in Ch. balatonicus is characteristic in the studied Kurchatskoe
Lake and for the areal boundary Kazakhstan population [23]. All the estimated genetic
distances of COI gene sequences of the studied species were much lower than the commonly
accepted threshold of 3% for species of the genus Chironomus. Only in C. tentans from China
the distance was 4.5%. We suggest that additional research with the use of cytogenetic
analysis is required.
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