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The detection of three species complexes
similar to Diacyclops galbinus, D. versutus
and D. improcerus (Copepoda: Cyclopoida)
from Lake Baikal
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ABSTRACT. Cyclopoids are an extremely diverse and abundant group of arthropods found in Lake
Baikal. Diacyclops Kiefer, 1927 is the most species-rich and highly endemic genus among them. The
morphological characteristics of the three Baikal species, D. improcerus, D. galbinus and D. versutus,
show considerable differences. Therefore, it is worth considering whether all specimens identified as
versutus, galbinus, or improcerus belong to the same species. Molecular and morphological analyzes
were conducted on Diacyclops from Lake Baikal, which are similar to D. improcerus, D. galbinus and D.
versutus. Three molecular markers of mtDNA (COI, 12S) and nuclear DNA (ITS1) revealed three clusters
corresponding to the division of specimens into three groups based on morphological characteristics.
Each of these groups comprises multiple genetic lineages. We assume that the improcerus-, galbinus-, and
versutus- groups are closely related species complexes. The use of PCA for morphometric indices based
on linear measurements, which are widely used in Cyclopoida taxonomy, is limited in separating closely
related species within species complexes. Micrographs and line drawings of a fourth swimming leg (P4)
and an antenna from specimens of the versutus- and improcerus- groups are provided. These images
reveal significant differences in the spinule ornamentation of the coxopodite of P4 and the basipodite of
the antenna between specimens of different genetic lineages.
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1. Introduction endemic Diacyclops species have an 11-segmented

antennule, segmentation formula (exopod/endopod)
of swimming legs: 2.2/3.2/3.3/3.3 and the presence
of an exopodal seta on the antenna and belong to the
languidoides-group. Diacyclops inhabit from interstitial

Cyclopoids are one of the most abundant
and diverse groups of arthropods surpassed only by
amphipods, ostracods, and harpacticoids in Lake

Baikal (Timoshkin, 2001). Diacyclops Kiefer, 1927
and Acanthocyclops Kiefer, 1927 are the most species-
rich genera. Both genera are taxonomically complex
and unstable because of their close relation and
large number of diverse species. There are several
morphological groups in Diacyclops that are recognized
as species complexes (Pesce, 1994; Karanovic, Krajicek,
2012; Reid and Strayer, 1994). Diacyclops in Lake Baikal
is represented by 17 species, 15 of which are endemic
(Mazepova, 1978; Sheveleva et al., 2012; Flossner,
1984). Three Diacyclops species from Lake Baikal, of
which D. talievi (Mazepova, 1970) is endemic, belong
to the bicuspidatus-group. Two endemic species, D.
eulithoralis Arov, Alekseev, 1986 and D. biceri Boxshall,
Evstigneeva and Clark, 1993, belong to another
virginianus-group according to Pesce (Pesce, 1994) or to
group 2 (languidoides) according to Reid (1994). Twelve
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to maximal depths year-round, however, are diverse
and abundant in the littoral zone of Lake Baikal. The
endemic Diacyclops is presented by interstitial, benthic
and sponge-associated species (Timoshkin, 2001;
Alekseev and Arov, 1986).

The majority of endemic Diacyclops species were
described by Mazepova G.F in the 1950s and 1960s, who
discovered this abundant and highly endemic group
(Mazepova, 1978). According to Rylov’s taxonomy
system (Rylov, 1948), the author classified all of
them as Acanthocyclops. In the subsequent years, only
four new species of Diacyclops were described and D.
arenosus (Mazepova, 1950) was redescribed from Lake
Baikal (Flossner, 1984; Boxshall et al., 1993; Sheveleva
et al., 2010; Sheveleva and Mirabdullaev, 2017).

Three endemic species, D. versutus (Mazepova,
1962), D. improcerus (Mazepova, 1950), D. konstantini
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(Mazepova, 1962) and a subendemic D. galbinus
(Mazepova, 1962), are found together in samples and
have a similar morphology. D. improcerus, D. konstantini,
and D. galbinus, are widespread, while D. versutus is rare
for the baikalian littoral zone (Mazepova, 1978). D.
galbinus and D. improcerus also inhabit the interstitial
of Lake Baikal. D. galbinus was found outside Baikal in
Lake Shartlinskoye, located in the northwestern part of
baikalian coastline (Sheveleva et al., 2013; Shaburova,
2010).

There are significant variations in the
morphological characters of D. improcerus, D. galbinus
and D. versutus. Thus, the question arises as to whether
all specimens named as versutus, galbinus or improcerus
belong to the same species. Mazepova G.F. explained
significant individual morphological variability of
D. galbinus and D. improcerus due to active speciation
(Mazepova, 1978).

The first of our result revealed a discordance
between molecular phylogeny and taxonomic
identification for morphologically similar cyclopoidsto
D. versutus, D. improcerus, and D. galbinus from Lake
Baikal (Mayor et al.,, 2017). According to molecular
data, analyzed specimens formed phylogroups with
unclear taxonomic status. Each phylogroup contained
sequences of D. versutus, D. improcerus and D. galbinus
identified by their morphology. The following
integrative analysis of the cyclopoids from one of
these phylogroups, which inhabited the South Baikal,
showed that all specimens were closely related based

on morphological and molecular data. Despite their
morphological similarity to D. galbinus D. improcerus,
and D. versutus, they demonstrated some differences in
morphological characters making them representatives
of a new species. We have referred to this species as D.
sp. (VIG2) (Mayor et al., 2019).

In this study, we continues the study of Diacyclops
from Lake Baikal, which are similar to the versutus-,
improcerus-, galbinus-groups and D. konstantini, using
both morphological and molecular methods.

2. Material and methods
2.1. Sample collection and Taxonomic
Identification

Copepods were collected from the South,
Central, and Northern basins of Lake Baikal in 2018-
2023. Samples were collected from depths in 2-30 m
by scuba divers in 2021-2023. Other samples were
collected using a scoop-net with a mesh size of 100 um
from depths in 0.3-0.5 m. Some copepods were kindly
provided by Sukhanova L.V and Luchnev A.G (LIN SB
RAS). All of the cyclopoids were preserved in 96%
ethanol and stored at - 20°C.

The taxonomic identification of the cyclopoids
was performed using the identification table by G.F.
Mazepova (1978). Only specimens morphologically
similar to D. versutus, D. improcerus, D. galbinus,
and D. konstantini were used in the study. Sampling
characteristics are listed in Table 1.

Table 1. Sampling locations, depths and NCBI accession numbers of obtained sequences
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ID 9 Date Locality | Coordinates |Depth, |Substrate |[Morpho-| ITS NCBI accession numbers
% m kzlg‘tcal length | cormepna | 125 ITS1
ata rRNA rRNA
BG5** ? 28.05.2018| Bolshoye 52°01.352’ N [0.3-0.5| stones + 318 MK207031 | MT020872 | MK207045
Goloustnoye | 105°23.514’ E
84** ? 06.2008 Kurma 53°10.114’N [0.3-0.5| stones - - GUO055755 - -
106°58.424’ E
BG2** % 28.05.2018| Bolshoye 52°01.352’ N |0.3-0.5| stones, + - MK207029 - -
Goloustnoye | 105°23.514’ E sand
BG4** ? 28.05.2018| Bolshoye 52°01.352’ N | 0.3-0.5| stones, aF - MK207030 - -
Goloustnoye | 105°23.514’ E sand
D10** ? 04.2018 | Listvyanka | 51°52.022’ N [0.3-0.5| stones + - MK207035 - -
104°49.567’ E
D12** 7 04.2018 | Listvyanka | 51°52.022’ N [0.3-0.5| stones Sl - MK207037 - MK207051
104°49.567’ E
BK4** ¢ 04.06.2018] Bolshiye 51°54.114’ N | 0.3-0.5| stones, - 318 MK207027 | MT020873 | MK207049
Koty 105°04.267’ E sand
266* @ - Baikal - - - + 338 MT176788 | MT020868 | MT010631
270* ? - Baikal - - - 338 MT176789 - MT010632
366* ? 17.06.2019| Bolshiye 51°54.111’ N 1.2 [stone with + 314 MT176791 - MT010628
Koty 105°04.061’ E lichen
369* ? 17.06.2019| Bolshiye 51°54.111’N 1.2 [stone with - 314 MT176792 | MT020870| MT010629
Koty 105°04.061’ E lichen
397« | ¥ | 03.2014 | Bolshiye - - - + - | mMT176790 - -
Koty
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ID » Date Locality | Coordinates |Depth, |Substrate |[Morpho-| ITS NCBI accession numbers
% m kzlg‘tcal length | cormepNa | 125 ITS1
ata rRNA rRNA
D16 ? 19.05.2018| Sludyanka | 51°40.017’ N [0.3-0.5| stones + 314 | MK207039 |MT020874| MT010630
103°42.532’ E
BG14 ? 28.05.2018| Bolshoye | 52°01.352’N |0.3-0.5| stones, + - MT176787 - MK591137
Goloustnoye | 105°23.514’ E sand
BG15 ? 28.05.2018| Bolshoye | 52°01.352’N |0.3-0.5| stones, + 320 | MT176793 |MTO020871 | MK207047
Goloustnoye | 105°23.514’ E sand
BK21 ? 04.06.2018| Bolshiye 51°54.114’ N | 0.3-0.5| stones, I 333 MK207028 - MK207050
Koty 105°04.267’ E sand
mm1 | ¢ 23.12.2018| Malye 53°01.073’ N | 0.5 - + - MT176794 | MT020875 | MK591138
Olchonskiye | 106°54.008’ E
Vorota
mm2 | ¢ 23.12.2018| Malye 53°01.073’ N | 0.5 - + - MT176795 | MT020876 -
Olchonskiye | 106°54.008’ E
Vorota
MM3 | 7 [23.12.2018 Malye 53°01.073’' N | 0.5 - + - MT176796 - -
Olchonskiye | 106°54.008’ E
Vorota
F2 | % 31.05.2021| Bolshiye | 51°54.128’N 6 stones + 314 - - OR502812
Koty 105°06.168 E
Fo6 ® 05.06.2021| Nemnyanka | 55°32.32’ N 6 sponge + - - - OR502819
109°48.57’ E
F107 ? 19.09.2022| Katkov cape | 53°11.3512’ N | 10 stones + 314 OR506695 - OR502813
108°25.679’ E
F112-1| ¢ 26.09.2022| Arul cape | 53°27.855’N 10 stones, - - - - OR502820
107°33.192’ E sand
F112-3 ¢ 26.09.2022( Arul cape | 53°27.855’ N 10 stones, 4 - - - OR502821
107°33.192’ E sand
F112-5 ? 26.09.2022( Arul cape | 53°27.855’N 10 stones, + - - - OR502822
107°33.192’ E sand
F112-6 ? 26.09.2022| Arul cape | 53°27.855’ N 10 stones, + - - - OR502823
107°33.192’ E sand
F112-7 ¢ 26.09.2022| Arul cape | 53°27.855’N 10 stones, - - - - OR502814
107°33.192’ E sand
F116-1| % |17.09.2022 Angasolka | 51°43.6301’N| 20 sand + - - - OR502800
103°46.486’ E
F116-2| % [17.09.2022 Angasolka |51°43.6301’N| 20 sand + - OR501221 - OR502801
103°46.486’ E
F120 | 7 |25.09.2022 Nizhniy 54°21.47° N 15 stone + 330 - - OR502803
Kedroviy 108°30.4’ E
F130 | 7 |26.09.2022| Arul cape | 53°27.962’N 30 - + 300 - - OR502804
107°33.999’E
F135-1| 7 |16.09.2022| Ulanovo |51°47.7913’ N[ 30 sand + 303 - - OR502805
104°31.515’E
F135-2| 7 |16.09.2022| Ulanovo |51°47.7913' N| 30 sand + 325 - - OR502806
104°31.515’E
F136-1 ? 17.09.2022| Angasolka |51°43.6301’ N 5 sand + 320 - - OR502807
103°46.486’ E
F136-2 ? 17.09.2022| Angasolka | 51°43.6301’ N 5 sand + - - - OR502815
103°46.486’ E
F144 ? 27.09.2022| Chertov 51°56.133’ N 15 stones, + - PP280626 - OR502808
most 105°15.672’ E sand
F156-1 ¢ 16.09.2022| Ulanovo |51°47.7913'N| 10 sand + - OR506692 - OR502809
104°31.515’E
F156-2 ¢ 16.09.2022| Ulanovo |51°47.7913'N| 10 sand + 328 OR506693 - OR502810
104°31.515’E
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ID » Date Locality | Coordinates |Depth, |Substrate |[Morpho-| ITS NCBI accession numbers
& m l‘zlg‘tcal length | cormepNa | 125 ITS1
ata rRNA rRNA
F156-3 ? 16.09.2022| Ulanovo |51°47.7913’N 10 sand + ORS506691 OR502817
104°31.515’E
F191-1 ? 27.04.2023| Bolshiye |51°53.5859’ N 1 stones, 333 ORS502811
Koty 105°03.502’ E sand
F191-3 ? 27.04.2023| Bolshiye |51°53.5859’ N 1 stones, + OR502802
Koty 105°03.502’ E sand
F191-4 ? 27.04.2023| Bolshiye |51°53.5859’ N 1 stones, I -
Koty 105°03.502’ E sand
F191-5 J 27.04.2023| Bolshiye [51°53.5859’ N 1 stones, + OR506696 OR502818
Koty 105°03.502’ E sand
F193 ? 27.04.2023| Bolshiye [51°53.5859’ N 1 stones, + -
Koty 105°03.502’ E sand
Note:

«*» — copepods were kindely provided by L.V. Sukhanova and A.G. Luchnev
«**» — data for these copepods were published early (Mayor et al., 2019)

«+» — available data
«-» —no data available

2.2. Morphological Analysis

The morphological analysis was performed using
a stereomicroscope MSP-1 (Lomo, Russia) and the
Olympus CX 41 (Olympus, Japan). The specimens were
rehydrated in water, photographed, and measured
using a Levenhuk M 800 Plus camera attached to
the Olympus CX 41 and LevenhukLite (Levenhuk,
Inc., USA) software. The U-DA Olympus Drawing
Attachment for Olympus CX 41 (Olympus, Japan)
was used to draw the morphological characteristics.
The length of the body was obtained by summing the
lengths of the cephalothorax, thorax segments, and
abdomen segments.

Morphological abbreviations:

Ti innermost terminal seta

Te outermost terminal seta

Td dorsal seta

Tl lateral seta

Tmi  median inner terminal seta

Tme median outer terminal seta

Lf caudal rami length

Wf caudal rami width

Enp3 third endopodal segment

P4, P5 fourth, fifth legs

LP5  length of the distal segment of P5

IAS internal apical spine of the third
endopodal segment of P4

EAS  external apical spine of the third
endopodal segment of P4

L length

W width

Al antennule

A2 antenna

Cphth cephalotorax

sp spine

se seta
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For confocal laser scanning microscopy (CLSM),
the female specimen was stained with Congo Red
overnight and mounted on a slide, following the
procedure outlined by Michels and Biintzow (Michels
and Biintzow, 2010). The material was scanned
using a Carl Zeiss LSM 710 laser confocal microscope
(Zeiss, Germany) with Plan-Apochromat 20 X /0.8 and
63 X% /1.40 Oil DIC M27 lens; 570 — 670 nm filters; 561
nm: 3.0 % lasers. The most variable morphological
indices were evaluated using the Correspondence
Analysis and used to construct a Principal Component
Analysis (PCA) plot. All statistical analyses were
performed using Past 4.11 (Hammer et al., 2001).

2.3. DNA Extraction, PCR, and Sequencing

Total DNA was extracted from egg sacs or somatic
tissue as follows: ethanol-preserved specimens were
rehydrated in mQ water for 20 minutes. The biological
material was then incubated in a 2x PCR Encyclo
buffer (without Mg2+) (Evrogen, Russia) containing
0.1 mg/ml Proteinase K at 65°C for 1 hour. After that,
it was incubated at 94°C for 5 minutes to deactivate
Proteinase K. The resulting solution containing total
DNA was stored at —20°C and used in a 10-fold dilution
for PCR as a DNA template.

PCR was performed using
primers LCO-1490 and HCO-2198 to amplify
the COI fragment (Folmer et al.,, 1994), KP2
(5-AAAAAGCTTCCGTAGGTGAACCTGCG-3") and
5.8S (5-AGCTTGGTGCGTTCTTCATCGA-3") to
amplify ITS1 (Phillips et al., 2000), and H13845-12S
(5-GTGCCAGCAGCTGCGTTA-3’) and L13337-12S
(5”-YCTACTWTGYTACGACTTATCTC-3’) to amplify 12S
(Machida et al., 2002). The amplification was carried
out in a T100TM thermal cycler (BioRad, USA) using
PCR reagents from Evrogen (Russia). The reaction was
performed in a 20ul mixture: 1x Encyclo buffer, 3.5 mM

universal



Mayor T.Yu. et al. / Limnology and Freshwater Biology 2024 (1): 14-47

magnesium, 0.5 pM of each primer, 0.2 mM of each
dNTP, 0.5 units of Encyclo DNA polymerase, and 2 pul
of DNA solution. The amplification program included
the stage of heating the mixture to 94 °C for 4 min,
35-40 cycles consisting of the following steps: 94 °C for
15's, 48 °C or 57 °C (for COI and ITS1, 12S fragments,
respectively) for 20 s, 72 °C for 1 min, and the final
elongation stage at 72 °C for 4 min. The amplicons
were separated and isolated for sequencing from the
agarose gel using the protocol described previously
(Mayor et al., 2010). The nucleotide sequences of the
target fragments were determined using the ABI PRISM
BigDye Terminator v. 3.1 sequencing kit in an ABI 3500
8-capillary genetic analyzer (Thermo Fisher Scientific,
USA) and in a Nanophor 05 genetic analyzer (Sintol,
Russia).

2.4. Molecular-Phylogenetic Analysis

The sequences obtained were deposited in the
GenBank database, and their NCBI accession numbers
are listed in Table 1. Alignment of the nucleotide
sequences and calculation of genetic distances were
performed using the MegaX program (Kumar et
al.,, 2018). We evaluated DNA polymorphism using
the DnaSP 5.10.01 program (Rozas et al., 2003).
Intragenomic polymorphism was detected in some ITS1
sequences, and we encoded sites with double peaks
according to IUPAC. To analyze the COI, 12S, and ITS1
datasets, we selected GTR + G, HKY + G, and TN93 + G
models, respectively, based on the Akaike information
criterion and the Bayesian information criterion, as
determinated by jModelTest 2.1.6 (Darriba et al., 2012).
Maximum Likelihood trees were constructed using IQ-
TREE2 (Minh et al., 2020) and MegaX software. Nodal
support for the resulting branches was estimated with
1000 bootstrap replications. Additionally, we include
sequences of Diacyclops species and other cyclopoids in
our analysis. The accession numbers of the sequences
used in the GenBank database are displayed on the
phylogenetic trees. The trees were visualized and
edited using Interactive Tree Of Life (iTOL) version
6.8.1 (https://itol.embl.de, accessed on September 16,
2023 and October 3, 2023) (Letunic and Bork, 2021).

To propose species partitions from COI data
sets, we used species-delimitation methods that
employ pairwise genetic distances and tree-based
methodologies. We used the Assemble Species by
Automatic Partitioning (ASAP) tool with the p-distances
and default settings (https://bioinfo.mnhn.fr/abi/
public/asap/ accessed on October 3, 2023) (Puillandre
et al.,, 2021). The study employed the Poisson Tree
Processes (PTP) and Bayesian Poisson Tree Processes
(bPTP) (Zhang et al., 2013) with default settings and
the ML-tree obtained in the study. Additionally, the
Generalized Mixed Yule Coalescent method (GMYC)
was used with a single threshold and an ultrametric
tree obtained in the Beast 2.5.2 program (Bouckaert
et al., 2014). The source links for PTP and GMYC are
https://species.h-its.org/ptp/ and https://species.h-its.
org/gmyc/, respectively, accessed on October 20, 2023.
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3. Results
3.1. Taxonomic identification

This study selected 43 adult females and one
adult male of Diacyclops from Lake Baikal, collected
from varios substrates and depths up to 30 m, based
on their morphological characteristics (Table 1). Seven
of these specimens belong to D. sp. (VIG2), for which
we previously published molecular and morphological
data (Mayor et al., 2019).

We photographed 38 specimens and measured
their morphological characteristics, including the
antenule, caudal rami and their setae, P4, P5, and body
length. Many estimated morphometric parameters are
used in cyclopoid taxonomy, including those used by
Mazepova G.F. to describe endemic Diacyclops. The
majority of crustacean photos were taken before DNA
extraction. Unfortunately, three cyclopids exoskeletons
were lost after DNA extraction, leaving only molecular
data for these specimens. Two of them are the smallest
Diacyclops analyzed.

We found 10 specimens that are similar to D.
improcerus, but they differ from it in having a shorter
cephalothorax and a longer antennule or armature of
the Enp3P4, which contains three spines and two setae
instead of two spines and three setae. Out of the 10
specimens that are similar to D. galbinus, 6 specimens
have longer caudal rami, shorter lateral seta in relation
to the caudal rami width, and longer Te. One specimen
(MM1) has a shorter spine of P5 and cephalothorax. Two
specimens (BG14, F144) have a shorter cephalothorax
(Table 2). For one specimen (F112-7), similar to D.
galbinus by EnpP4, we have only molecular data.

All 14 specimens that are similar to D. versutus
have a longer lateral seta relative to the caudal rami
width. Two of the specimens (F156-1, F156-3) differ
from D. versutus in having shorter caudal rami and a
smaller proportion of dorsal seta to Te. Additional,
specimen F156-2 differs from D. versutus in having
a smaller proportion of Ti and Te. A male specimen
(F191-5) was found to be similar to the females (F193,
F191-1 — F191-4) and D. versutus in the armature of the
enp3P4 and was included in this study. Three specimens
belong to D. konstantini.

3.2. Molecular phylogeny and Species
delimitation

The study amplified molecular markers under
the same conditions from specimens that were
morphologically similar and collected together.
However, the amplification of DNA fragments varied
in specificity and yield (Table 1). For instance, F193
and F191-4, which were collected together and closely
resembled F-191-1, F191-3, and F191-5, were not
successfully amplified. The study obtained a total of
10, 35, and 21 sequences for the 12S, ITS1, and COI
gene fragments, respectively (Table 1). Intragenomic
polymorphism of ITS1 was detected in 10 specimens.
Six sequences (266, BG15, BK21, F116-1, F120, and
F135-1) have double peaks at one site, while three
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Table 2. Morphometric characteristics of analyzed cyclopoids

Species, |Lf/Wf| Te/Ti | Tmi/ |Td/Te|Tl/Wf|Lenp3P4/| IAS/ | LA1l/Lcphth Lephth/LPed2- LspP5/LP5
specimen Tme Wenp3P4| EAS Ped5**
D. versutus* | 1.8- |0.5-1.8| 1.7- | 0.9- | 0.3- | 1.0-1.8 | 0.6- | short, hardly - the length of
3.4 1.2) 2.2 1.5 0.6 1.4) 1.2 reach P5 spine varies
(2.5) (1.8) | (1.2) | (0.5) (1.0) | the middle of significantly
the
cephalothorax
D. galbinus* | 2.9- [0.6-1.8] 1.3- | 0.8- | 1.4- | 1.6-3.0 | 1.1- reach the the length the length of P5
5.4 (1.2) 1.9 1.2 2.0 (2.0) 1.8 posterior proportion of the | spine is equal or
3.7) (1.6) |(1.00)| (1.6) (1.3) margin cephalothorax and | slightly short than
of the remained segments| the length of P5
cephalothorax | of the thorax is distal segment
about 2
D. improcerus*| 1.8- |1.0-2.1| - - - 1.0-1.4 | 1.0- | short, usually the length the length of P5
4.1 (1.6) (1.2) 1.9 reach proportion of the spine is equal,
(3.0) (1.35)| the middle of | cephalothorax and | slightly short or
the remained segments long than the
cephalothorax [of the thorax varies| length of P5 distal
from 1.6 to 2.3 segment
(1.86)
MM3 2.63 | 1.67 | 1.93 | 1.00 | 1.17 1.43 1.29 0.78 0.90 0.68
MM2 235 | 1.39 | 1.81 - 1.14 1.54 0.83 - 1.15 -
BG14 1.86 | 1.71 | 1.82 | 1.04 | 0.93 1.21 1.18 0.92 0.84 1.13
BK21 2,50 | 1.49 | 2.20 - 1.16 1.28 1.17 0.73 0.98 0.77
F193 1.80 | 1.20 | 1.70 | 1.20 | 1.20 1.40 1.20 0.79 0.86 0.89
F191-3 2.37 1.57 1.64 | 1.05 | 1.18 1.43 1.22 0.77 1.59 1.54
F191-4 234 | 1.73 | 1.45 | 1.02 | 1.25 1.43 1.17 0.95 0.85 1.41
F156-3 1.40 | 1.69 | 1.83 - 0.72 1.38 1.05 0.77 0.98 0.81
F156-1 1.44 | 1.43 | 1.91 | 0.47 | 0.84 1.22 1.00 0.67 0.84 0.75
F120 2.60 | 1.60 | 1.90 | 0.94 | 1.33 1.46 1.12 0.71 0.98 0.71
F156-2 2.51 | 2.06 - 1.05 | 1.13 1.02 1.20 - 0.76 1.15
F96 3.08 | 1.68 | 1.73 | 091 | 1.22 1.57 1.20 0.73 0.77 1.01
F-130 2.70 | 1.56 | 1.54 | 1.10 | 0.94 1.15 1.32 0.66 2.10 0.80
D16 2.89 | 1.17 | 1.48 | 1.04 | 1.07 1.24 1.24 1.12 0.93 1.01
366 2.03 2.03 1.53 1 1.39 | 1.11 1.16 1.21 0.87 1.40 1.37
F112-5 3.41 1.72 | 1.59 | 1.25 | 1.01 1.27 1.26 0.81 1.16 0.70
F112-6 379 | 133 | 1.86 | 1.70 | 1.25 1.18 1.23 0.88 1.00 0.60
F112-3 3.25 | 1.80 - 1.62 | 0.87 1.08 1.15 0.79 1.18 0.80
F-107 3.57 - - - 0.97 1.14 1.41 - 0.99 1.00
F2 3.69 | 1.41 | 1.21 | 1.57 | 1.23 1.25 1.13 0.92 1.10 0.80
MM1 3.40 | 1.26 NA | 0.95 | 1.62 2.16 1.26 0.98 1.14 0.52
BG15 345 | 1.82 | 1.68 | 1.00 | 1.36 1.99 1.19 0.94 1.26 0.51
F144 3.80 | 1.39 | 1.60 | 1.06 | 1.38 2.10 1.16 1.24 0.98 0.82
F116-1 5.82 0.94 1.53 - 1.83 1.90 1.23 1.23 0.98 0.60
F116-2 4.00 | 1.17 - 1.28 | 1.32 2.11 1.33 0.94 1.13 0.89
F136-1 3.76 | 196 | 1.71 | 0.81 | 1.36 2.23 1.33 - 1.20 0.81
F136-2 5.05 | 2.29 - 0.95 | 1.71 2.57 1.25 1.3 1.15 0.96
F135-1 3.78 1.75 - - 1.00 2.50 1.25 1.2 1.56 0.75
F135-2 3.95 | 1.63 | 1.52 - 1.35 2.56 1.21 1.2 1.17 0.98
Note:

«*» — data of G.F. Mazepova (1978), the brackets indicate the average value of parameters
«**» — combined length of the segments pediger 2 to pediger 5

«» —no data available
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sequences (BG14, 369, and F130) have double peaks at
two sites. One sequence (366) has double peaks at seven
sites. There were 14 transitions and three transversions.
The positions of ITS1 sites with double peaks coincided
in the sequences of different specimens (BG14/366,
BG14/BK21, and F116-1/266).

Three short ITS1 sequences (F96, F116-2 and
F136-2) were deposited in GenBank, but were excluded
from the phylogenetic analysis. The analysis used an
alignment of 31 sequences (461 bp), revealing 245
sites (excluding sites with gaps/missing data), 73
polymorphic (segregating) sites, and 69 parsimony
informative sites.

The ML ITS1 tree divided the sequences of the
selected specimens, which were similar to D. galbinus,
D. improcerus, and D. versutus, into three clusters: the
galbinus-group, the versutus-group, and the improcerus-
group (Fig. 1). Each cluster contains several genetic
lineages. The galbinus-group comprises four genetic
lineages (I-IV), the versutus-group comprises three
genetic lineages (VI-VIII), and the improcerus-group
comprises three genetic lineages (IX-XI). Sequence
F156-2 represents a distinct genetic lineage (V) and
was not included in any of the three groups.

The versutus-group, F156-2 (V), D. konstantini, D.
sp. (VIG2), and the improcerus-group formed a separate
large cluster. The galbinus-group is genetically distant
from this cluster.

The analysis used a total alignment of 38 COI
sequences (693 bp), including 22 sequences of Diacyclops
from Lake Baikal, 11 sequences from three Diacyclops
species of the bicuspidatus-group (D. bisetosus, D.
crassicaudis, and D. bicuspidatus) from Poland and Korea,
and 4 sequences of D. sp. from Australia. The alignment

b
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Fig.1. (a) Distribution of sampling locations (Table 1)
of Diacyclops lineages in Lake Baikal, color coded as in the
tree; (b) Phylogenetic tree constructed on the base of the ITS1
by the maximum likelihood method (ML, TN93 + G). The
number in the node is the bootstrap value of the branching
node support. Roman numerals indicate the genetic lineages.
The circles near with the ID specimen indicate a sample
location.

comprised 134 sites, excluding sites with gaps/missing
data, and 57 parsimony informative sites. All Diacyclops
sequences from Lake Baikal form a monophyletic group,
that is distinct from other Diacyclops. The COI and ITS1
tree topologies are consistent. The COI tree distinguish
the versutus-, galbinus- and improcerus-group, each
containing several genetic lineages (Fig. 2).
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Fig.2. (a) Distribution of sampling locations (Table 1) of Diacyclops lineages in Lake Baikal, color coded as in the tree; (b)
Phylogenetic tree constructed on the base of the COI gene fragment by the maximum likelihood method (ML, GTR + G). The
number in the node is the bootstrap value of the branching node support. Roman numerals indicate the genetic lineages. The bars
near with the tree indicate the ‘species’ delimited by ASAP, PTP, bPTP, GMYC methods. The circles near with the ID specimen

indicate a sampling location.
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Two genetic lineages of the versutus-group (VI,
VIII) are sister to F156-2 (V) and D. konstantini with
high bootstrap support values, which together form a
separate cluster. D. sp. (VIG) with two genetic lineages
of the galbinus-group (I, II) and two genetic lineages of
the improcerus-group (IX, X) form three distinct clusters.

The ASAP and PTP delimitation methods applied
to the COI data for Diacyclops from Lake Baikal estimated
10 ‘species’. The results are generally congruent with
the COI tree topology, but BG15 (I) and 84 (I), MM1 (I)
are distinguished as separate two ‘species’. The bPTP
and GMYK methods delimited 11 ‘species’ among the
analyzed Diacyclops from Lake Baikal. These methods
are incongruent with the ASAP/PTP methods only in
the versutus-groupdivision. The bPTP delimited F156-1
(VI), F156-3 (VD), and the VIII genetic lineage (MM2,
MM3, BG14, F191-5, and BK21) as three separate
‘species’. The GMYK delimited F156-1 (VI) and F156-3
(VI) as ‘species’, but divided VIII genetic lineage into
two ‘species’> MM2/MM3 and BG14, F191-5, and BK21.

The analysis used of 17 sequences for 12S
alignment (497 bp). Of these, 9 sequences belong to
Diacyclops, from Lake Baikal, 9 sequences belong to 5
Diacyclops species from Australia, Japan, and Ukraine.
The alignment comprises 327 sites, excluding sites
with gaps and missing data, with 186 polymorphic
sites and 162 parsimony-informative sites. The 12S
phylogenetic tree showed a monophyletic group of all
Diacyclops from Lake Baikal consistent with the COI
tree. This group and representatives of the bicuspidatus-
group, D. bisetosus from Japan and D. bicuspidatus
from Ukraine, are separated into a large cluster (Fig.
3). Three Australian endemic species of the aticola-
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group, D. scaloni, D. sobeprolatus, and D. humphreysi, are
distant from this cluster. The tree topology is congruent
with COI and ITS1 topologies for Diacyclops from Lake
Baikal. BG15 (I) and MM1 (I) of the galbinus-group
form a distant cluster, and D16 (X) and 369 (XI) of the
improcerus-group form another cluster. D. sp. (VIG2) is
a sister taxon to the X and XI lineages of the improcerus-

group.
3.3. Genetic distances

The length of the rDNA ITS1 region ranges from
300 to 338 bp and is specific to each genetic lineage
(Table 1), except for the improcerus-group, where
the ITS1 length of the XI and X genetic lineages is
identical at 314 bp. Model-corrected genetic distances
(TN93 +G) between all genetic lineages of Diacyclops
from Lake Baikal are very similar to p-distances of
ITS1, ranging from 0.7% to 20.1% (Supplementary,
Table S1-S3). The maximum genetic distance within
genetic lineages is 0.4%. The COI p-distances among
all studied genetic lineages of Diacyclops from Lake
Baikal range from 9.1% to 20.9%. The largest intra-
genetic lineage p-distances for COI are found in the I
genetic lineage (5.6%) and the II genetic lineage (2%).
The minimum distances among the genetic lineages for
both molecular markers are between the sequences of
the versutus-group, ranging from 0.7% to 1.6% in ITS1
and 9.1% in COI datasets. The ITS1 and COI genetic
distances among genetic lineages of the galbinus-group
are 3.5-4.0% and 17.7%, respectively. The ITS1 and
COI genetic distances among genetic lineages of the
improcerus-group are 3.3-7.2% and 16.1%, respectively.
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Fig.3. Phylogenetic tree constructed on the base of the 12S fragment of mtDNA by the maximum likelihood method (ML,
HKY + G). The number in the node is the bootstrap value of the branching node support. Roman numerals indicate the genetic

lineages.
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The maximal ITS1 and COI genetic distances between
the galbinus-group and the improcerus-group genetic
lineages are 12.2-20.1% and 20.1-20.9%, respectively.
The 12S p-distances between all studied Diacyclops
genetic lineages from Lake Baikal range from 11.8% to
23.1%. The X and XI lineages of the improcerus-group
are the closest. The XI lineage of the improcerus-group
and the VIII lineage of the versutus-group are the most
distant. Similar genetic distances are estimated between
the versutus-group and the galbinus-group (20.5%) and
between the improcerus-group and the galbinus-group
(21.6% and 21.7 %).

3.4. Distribution of the genetic lineages

The representatives of the galbinus-, improcerus-,
and versutus-groups have a sympatric distribution (Fig.
1a). Representatives of D. konstantini, D. sp. (VIG2), the
VIII genetic lineage of the versutus-group, and the XI
genetic lineage of the improcerus-group were found in
Bolshiye Koty on different dates. Representatives of D.
sp. (VIG2), the VIII, and I genetic lineages were found
in one sample from Bolshoye Goloustnoye (Table 1).
Additionally, in one sample we found representatives
of the versutus-group (F156-1, F156-3 - VI) and F156-2
(V), which is genetically sister to them; representatives
of the galbinus-group (F112-7 - II) and the improcerus-
group (XI) or representatives of the galbinus-group
(MM1 - 1) and the versutus-group (MM2, MM3 - VIII).

Each group has one predominant genetic lineage,
which has been found in various locations and periods.
These are the I genetic lineage of the galbinus-group,
the XI genetic lineage of the improcerus-group, and the
VIII genetic lineage of the versutus-group.
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3.5. Morphometric analysis

PCA was performed on 37 individuals. Molecular
data were obtained for most of them. Among them, 9
specimens belong to the galbinus-group, 12 specimens
belong to the versutus-group, 8 to the improcerus-
group according to molecular data, 3 specimens of D.
konstantini, and 5 specimens of D. sp. (VIG2) (BG2,
BG4, BG5, D10, D12) were included.

The CAresulted in 8 morphometric characteristics.
Tmi/Tme, Td/Te, Ti/Tmi, Ti/Tme, Ti/Td, LA1/Lcpht,
Lbody, and LseP5/LspP5 together explain 5% of the
Axisl variability (total variability - 25.6%) and were
excluded from the next PCA. More variable parameters
such as Lf/Wf, Te/Ti, TI/Wf, Lenp3P4/Wenp3P4, IAS/
EAS, TI position, IAS/Lenp3P4, IAS/Wenp3P4, Ti/Lf,
Tl/Te, Ti/Td, Ti/Te, LP5/WP5, LspP5/LP5, and WP5/
LspP5 were used in the PCA. The first two principal
components explain 76.1% of the variation in our
morphometric data. PC1 and PC2 explain 61.5% and
14.6% of variance, respectively, with eigenvalues of
2.1 and 0.5. The first principal component has the
strongest positive correlation with the length and width
proportion of the caudal rami (Lf/Wf), less positive
correlatina with the length and width proportion of
the third endopodal segment length (enp3P4) of P4
(Lenp3P4/Wenp3P4) and the length of the lateral setae
with the caudal rami width proportion (Tl/Wf) and
negative correlations with ratio of the outer to inner
terminal caudal setae (Te/Ti) and with the ratio of the
length of the internal apical spine to the length of the P4
third endopodal segment (IAS/Lenp3P4). The second
component has strong positive correlations with the
ratio of the internal apical spine length to width of the
P4 third endopodal segment (IAS/Wenp3P4) and with

JF136:2
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Component 1
Fig.4. Principal component analysis of Diacyclops based on morphometric indices. The numbers indicate specimens ID. Green
rows indicate morphometric indices. The colour indicates the species complex according to the phylogenetic trees.
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Lenp3P4/Wenp3P4, the less positive correlation with
ratio of the length to width of the P5 (LP5/WP5) and
the negative correlation with ratio the P5 internal spine
to length of the distal P5 segment (LspP5/LP5) (Fig.
4). The results of the PCA analysis, which is based on
morphometric indices, are consistent with the molecular
phylogeny in distinguishing genetically distant species
or species complexes of Diacyclops. Along the PC1, the
D. konstantini and the versutus-group are located, while
the galbinus-group and the improcerus-group with D.
sp. (VIG2) are located along PC2. The specimens of D.
sp. (VIG2) are close to the improcerus- and the versutus-
group. Specimens F130 (IX) of the improcerus-group,
F156-2 (V) overlapped with specimens of the versutus-
group. Specimen F116-1 (I) of the galbinus-group is
closer to D. konstantini than to the galbinus-group. The
PCA did not clearly separate all closely related genetic
lineages. However, specimens F156-3 and F156-1 (VI)
of one ITS1 and COI genetic lineage differ from other
representatives of the versutus-group in their smaller
length and width proportion of the caudal rami, and

are located extremely along PC1.

D. konstantini
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-

Vil

F156-3, MM3, F193

BG14
— BG14, F156-2, 396

3.6. Morphology diversity of the versutus-
and improcerus-groups

Fig. 5-7 depict micrographs and drawings of P4
and an antenna of specimens belonging to the versutus-
and improcerus-groups. All analyzed specimens of the
versutus-group have Enp3P4, armed with three spines
and two setae. MM3 and BG14 closer to each other based
on COI and were attributed to the VIII genetic lineage.
They were delimited as one ‘species’ by ASAP and as
two ‘species’ by GMYC. They differ in P4 intercoxal
sclerite ornamentation (Fig. 5). BG14 and F193 (VIII)
have naked the caudal surface of the sclerite, while
MM3 has two rows of short spinules in the middle and
on the distal margin. Specimen F156-3 of the VI genetic
lineage has the P4 intercoxal sclerite with two rows of
short and long hair-like spinules in the middle and on
the distal margin. Among MM3 (VIII), F193 (VIII), and
F156-3 (VI), the latter has the most groups of setae
and spinules on the P4 coxopodite. F156-3 differs from
F193 in the number of setae on the second endopodal
segment of A2 and has nine setae versus eight setae
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Fig.5. Confocal laser (396, BG14) micrographs and drawings of P4, caudal of the versutus-group, the V genetic lineage, and
D. konstantini (396). Numbers indicate ID specimens. BG14 — P4, intercoxal sclerite, caudal. Roman numerals indicate the genetic
lineages. Scale bars: BG14, F156-2 = 20 um; F156-3, MM3, F193, 396 = 10 pm.
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of F193. The A2 basipodite of F156-3 is ornamented
with two diagonal rows of spinules in the middle and
on proximal part of the frontal surface, a diagonal row
of spinules on proximal part, and a row of the longest
spinules in the middle of the caudal surface, a row of
long spinules along lateral margin, and a row of hair-
like spinules along opposite lateral margin, armed with
two setae, one of which is naked and one has short
setules and exopodal seta with short setules. The A2
basipodite of F193 are ornamented with three rows of
spinules on the proximal and central margins, and two
rows of hair-like spinules along both lateral margins,
armed with two setae, one of them is a naked and one
has short setae and naked exopodal seta (Fig. 6).

D. konstantini and F156-2 (V) are genetically
closely related and differ from the versutus-group in
the armature of Enp3P4. They have two spines and
three setae. F156-2 P4 intercoxal sclerite with two
rows of long spinules. The A2 basipodite of F156-2 is
ornamented with two rows of spinules and a group of

VI
F156-3

o

- 193, F156-2, F156-3

366, VIG2

small spinules on the caudal surface, two rows of hair-
like spinules on the proximal part of the frontal surface
and hair-like spinules along both lateral margins armed
with two naked setae and exopodal seta with short
setules (Fig. 5, 6). Second endopodal segment armed
with seven setae.

D16 (X), F130 (IX), and 366 (XI) are related to
different genetic lineages of the improcerus-group and
D. sp (VIG2) is closeely related to them. All analyzed
specimens of D. sp. (VIG2) and the improcerus-group,
except D16 and F130, have Enp3P4 with two apical
spines (IAS and EAS) and three setae. Specimens D16
and F130 have Enp3P4 with three spines — IAS, EAS,
and a spine on the outer margin and two setae. D. sp
(VIG2) differs from the improcerus-group in the apical
position, near the IAS, by having one internal seta
on Enp3P4 (Fig. 7). F130 (XI) and D. sp (VIG2) have
a P4 intercoxal sclerite with two rows of spinules in
the middle and on the distal margin. Specimen 366
(XI) also has a P4 intercoxal sclerite with two rows of

VIII

Fig.6. Confocal laser micrographs (366, VIG2) and line drawings of antenna, caudal of the improcerus-group (366, VIG2),
the V genetic lineage and the versutus-group (F193, F156-2, F156-3). Arabic numbers indicate ID specimens. Roman numerals
indicate the genetic lineages. Spinules of the frontal surface are showed by the dash lines. Scale bars: F193, F156-2, F156-3 =

10 pm; 366, VIG2 = 20 pm.
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spinules, but the rows are interrupted in the middle of
the sclerite. D16 (X) has a P4 intercoxal sclerite with
two groups of a few short spinules on both sides. All
these specimens have similar ornamentation characters
on the P4 coxopodite. The A2 basipodite of D. sp (VIG2)
and 366 (XI) are generally similarly ornamented with
two rows of spinules on the caudal surface and a row of
setae on the proximal part of lateral margins, but VIG2
has more spinules in each row (8 and 9) than specimen
366 (3 and 4) (Fig. 6).

4. Discussion

4.1. Three species complexes similar to
D. improcerus, D. galbinus and D. versutus
based on molecuclar and morphological
data

Although we found Diacyclops specimens with
similar morphology to three species of interest, namely
endemic D. improcerus, D. versutus, and subendemic D.
galbinus, we failed to identify them taxonomically at the
species level. The phylogenetic analysis of Diacyclops,
based on data from two mtDNA and one nuclear

il 1\
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molecular markers, revealed three clusters according
to the division of specimens into three groups based
on morphological characters: the improcerus-group,
the galbinus-group, and the versutus-group. Each of
them comprises multiple genetic lineages. We assume
that the improcerus-, galbinus-, and versutus-groups are
closely related species complexes. The existence of these
complexes likely explains the significant variations in
diagnostic characters for D. improcerus, D. versutus, and
D. galbinus, as described.

The inter-lineages genetic distances of the
galbinus- and improcerus-groups correspond to known
interspecies genetic distances for these molecular
markers in Copepoda in general and Cyclopoida in
particular (Zagoskin et al., 2014; Kochanova et al.,
2021; Karanovic and Blaha, 2019; Sukhikh et al.,
2020). The genetic lineages of the versutus-group are
the closest to each other. Initially, the identification of
F120 as a separate VII lineage from the VIII lineage
was questionable. However, we identified it as distinct
from the VIII lineage based on the entire length of
the rDNA ITS1 (330/333 bp), although its taxonomic
status remains unclear. The entire length of ITS1 can
be a species-specific feature, as demonstrated in the

Xl

== D16, 366, aVIG2
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Fig.7. Confocal laser micrographs (a VIG2, b VIG2, 366) and drawings of P4, caudal of the improcerus-group. Numbers
indicate ID specimens, Roman numerals indicate the genetic lineage. bVIG2 — P4, coxopodite, intercoxal sclerite, caudal. Scale

bars: F130 = 10 um; aVIG2, bVIG2, D16, 366 = 50 pum.
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genus Culicoides (Diptera) (Li et al., 2003). Only in the
versutus-group, different delimitation methods give
varying results. The GMYK method divided the VIII
genetic lineage into two ‘species’ based on COI data.
On the COI tree, sequences BG14, F191-5, BK21 are
genetically distant from MM2, MM3, and at the same
time there is no such clustering on the ITS1 tree. On
the one hand, it is possible that GMYK oversplit the
data (Pentinsaari et al., 2017; Luo et al., 2018). On
the other hand, we note the different character of the
ornamentation of the intercoxa of P4 in MM3 and BG14.
This, along with the ornamentation of the basipodite of
the antenna, is a crucial taxonomic feature in Cyclopoida
and is mentioned in their description (Karanovic et al.,
2013; Holynska et al., 2021). Lineage VI (F156-1, F156-
3) of the versutus-group may be considered a distinct
species due to its unic pattern of microcharacters in A2
basipodite and P4, as well as its formation of a separate
cluster based on both molecular markers. Additionally,
specimens F156-1 and F156-3 differ from all other
specimens of the versutus-group in having the smallest
proportion of caudal rami length and width. Although
these indices, as noted for the Baikal cyclopoids, vary
at the intraspecific level and may not be taxonomically
significant, as in other cyclopoid genera such as
Eucyclops (Rylov, 1948; Mazepova, 1978; Flossner,
1984), they enable the distinction between genetically
sister D. konstantini and the versutus-group, according
to the results of PCA analysis. It is also possible to use
the number of setae on the second endopodal segment
of A2 to distinguish specimens of the VI lineage from
those of the VIII lineage.

We suggest that individual F156-2 (V) belongs to
anew species that is closely related to the versutus-group
species. Although PCA results based on morphometric
characters do not differentiate this potentially new
species from the versutus-group, it has meristic
differences from the versutus-group in the armature
of the third endopodite of P4, the second endopodal
segment of A2, the ornamentation of the coxopodite of
P4 and the A2 basipodite. All three methods used for
species delimitation also separate F156-2 as a distinct
species. Additionally, the entire length of ITS1 (328 bp)
of F156-2 differs from the versutus-group sequences.

The three supposed species of the improcerus-
group and they genetic sister species D. sp. (VIG2)
overlap in PCA results, but clearly differ in both
molecular markers. They are delimited unanimously
by all species delimitation methods used and have
differences in the ornamentation of the coxopodite
of P4. Additionally they have meristic differences in
the armature of the P4, which in most copepods are
diagnostic of different genera (Boxshall and Halsey,
2004).

Karanovic noted similarities in the short
proportion of caudal rami in the endemic D. ishidai
Karanovic, Grygier & Lee, 2013, which inhabits
interstitial water near ancient Lake Biwa, as well as
D. improcerus and D. versutus (Karanovic et al., 2013).
However, he also identified several of quantitative
differences between D. ishidai and the latter two
species, even based on the limited set of available
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morphological characters. The morphological data
obtained in this study allows us to supplement these
differences with meristic characters. Only lineage XI of
the improcerus-group exhibits a similar armature to the
third endopodite of P4, with 3 setae and 2 spines. The
other lineages of this group and the versutus-group (VI-
IX) differ in this feature, with 2 setae and 3 spines. In
this study, all genetic lineages, including the improcerus-
group and the versutus-group, were found to have the
exopodal seta on the A2 basipodite, while it was absent
in D. ishidae.

Most specimens of the improcerus-group, which
belong to the XI genetic lineage, and some specimens
of the galbinus-group, which belong to the I genetic
lineage, differ from the descriptions of D. improcerus
and D. galbinus only in having a smaller proportion
of cephalothorax and other thoracic segments or
length of antennule. Due to the telescopic nature
of these features, variations in specimen fixation
and storage may have affected the accuracy of their
measurements, as noted for Cyclopoida (Huys and
Boxshall, 1991; Karanovic and Krajicek, 2012).

Additionally, we calculated the ratio of
cephalothorax length to the sum of pediger 2-5 segment
length, but it is unclear if G.F. Mazepova used the same
method, as she only may have only used the lengths
of pediger 2-4 segments. Thus, these lineages may
represent D. improcerus and D. galbinus, and the genetic
and morphological data obtained could provide a basis
for an integrative redescription of these species in the
future. This is especially important since there is no
type material available for the endemic D. improcerus,
D. versutus, and D. galbinus from Lake Baikal.

PCA of morphometric indices based on linear
measurements is limited in separating closely related
species within species complexes. Despite their
widespread use in Cyclopoida taxonomy and inclusion
in species descriptions. More detailed morphometric
analyses may allow for the distinction of more closely
related species within each of the three complexes
found. This has been demonstrated in the separation
of morphologically similar species from the genus
Acanthocyclops, which were considered cryptic species
(Karanovic and Blaha, 2019), and in populations of
Harpacticoida Bryocamptus pygmaeus (G.O. Sars, 1863)
(Novikov and Fefilova, 2021). Additionally, we are
confident that a detailed morphological analysis will
reveal new meristic characters that can distinguish
closely related species. Differences were found between
specimens from different genetic lineages in the
basipoditeof the antenna and the caudal side of P4.
However, a large number of informative characters on
the cephalothoracic appendages, legs, and caudal rami
appendages in both female and male specimens remain
unanalyzed. The results suggest that the diversity of the
endemic Cyclopida fauna in Lake Baikal is higher than
previously belived. Molecular methods have increased
understanding of the species diversity of crustaceans,
such as amphipods and ostracods, inhabiting Lake
Baikal by detecting of cryptic species (Schon et al.,
2017; Viinold and Kamaltynov, 1999). Our study of
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Diacyclops found species with genetic and morphological
differences, which can be used to identify them. This
group requires an integrative detailed redescription,

along with the description of new species.

Representatives from different genetic lineages
across all three groups occur in the same samples and
belong to sympatric species. The closest genetically
related species that occur sympatrically are sister
lineages V and VI. G.F. Mazepova also collected
samples of D. galbinus, D. improcerus and D. versutus
and emphasized their sympatric distribution. In each
group, we observed one predominant genetic lineage,
which we found in various locations and at different
times. It is interesting to note that specimens from
the predominant lineages (I and XI) are more similar
in morphology to D. galbinus and D. improcerus. The
remaining genetic lineages represented by only one or
two specimens in our analysis, are rare. The abundance
of three lineages in our study is probably due to their
occurrence at shallow depths, starting from the water’s
edge where most of our samples were taken. Specimens
of rare lineages were collected from depths of 10 to 30 m.

4.2. Phylogeny of Diacyclops from Lake
Baikal

Although Diacyclops is highly diverse and
currently comprises over 100 species, genetic databases
for this genus are extremely limited. We included
sequences for non-baikalian Diacyclops in the analysis,
and both molecular markers (COI and 12S) indicate
that Baikal Diacyclops form a monophyletic group.
Previous studies of Baikal Diacyclops, using a conserved
18S fragment, have demonstrated the monophyly of
endemic Diacyclops species from Lake Baikal (Mayor
et al., 2010). On the one hand, this could indicate a
common ancestor for all Baikal Diacyclops analyzed,
which diverged and gave rise to the observed species
complexes. This scenario is possible due to the unique
nature of Baikal. For millions of years, it has remained
a refuge and a center of speciation for many groups
of animals, including crustaceans, such as amphipods,
ostracods, and harpacticoids (Timoshkin, 2001; Schén
et al.,, 2017; Moskalenko et al., 2020). On the other
hand, our dataset only includes Diacyclops species from
different morphological groups (species complexes),
and only Baikal species belong to the languidoides-
group. The genus Diacyclops may be polyphyletic or
paraphyletic, and the indentified morphological groups
may represent distinct genera (Monchenko, 2000;
Karanovic, 2006). These groups are distinguished
based on the segmentation of swimming legs and
antennules. Our 128S tree includes sequences of species
from three groups: the languidoides-, the bicuspidatus-
and the aticola-group. It is believed that the evolution
of Cyclopoida has led to the oligomerization of
appendages. As a result, the bicuspidatus- and aticola-
groups are considered the most primitive groups, while
the languidoides-group is more evolutionarily advanced
and successful, and is one of the most specious groups

(Pesce, 1994; Monchenko and Klein, 1999).
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The languidoides- group and the aticola-group
are represented by endemic species from Lake
Baikal and Australia, respectively. The bicuspidatus-
group is represented by Palaearctic species. Species
from the three groups predictably formed three
monophyletic groups. One interesting finding was
that the bicuspidatus-group is genetically closer to the
languidoides-group than to the aticola-group, despite
their similar morphology. To fully comprehend the
relationships of species complexes within Diacyclops,
further research is necessary. This should include the
study of conserved nuclear molecular markers and the
inclusion of representatives from all morphological
groups.

Within the monophyletic group of the analyzed
Baikal endemic Diacyclops, two clusters of sister taxa
were identified. The first cluster comprises D. sp. (VIG2)
and the improcerus-group species complex, while the
second cluster consist of D. konstantini, the V genetic
lineage, and the versutus-group. Specimens of the
improcerus-group belong to the smallest Diacyclops in
this study. In general, among baikalian Diacyclops, they
are larger than only three species: littoral D. zhimulevi,
interstitial D. biceri, and D. eulithoralis. The reduction in
body size likely contributes to the ecological success of
the improcerus-group and is related to their adaptation to
feeding on small animals, algae, or detritus. The forager
group includes small littoral and interstitial cyclopoids
that feed on detritus, water plants stems, epiphytic
algae, protozoa, small invertebrate’s corpses (Monakov,
1998). V.I. Monchenko, used Diacyclops as a model
genus to demonstrate that during the morphological-
evolutionary development of Cyclopoida, there was a
decrease in body size and oligomerization of thoracic
appendages. The reduction in body size was the
primary process. The author linked both processes to a
significant reduced in energy expenditure (Monchenko,
2003). Initially, an ancestor of the improcerus-group
with ancestors of the versutus- and galbinus-groups
likely diverged sympatrically. Within the improcerus-
group, there may have been instances of peripatric
speciation. In this study, we collected specimens of
genetic lineage IX of the improcerus group from the
same geographical location and period as some of the
specimens of lineage XI. However, the specimens of
lineage IX were collected from a depth of 30 meters,
while specimens of lineage XI were collected from a
depth of 10 meters. It is important to note that this
assumption of parapatric speciation of the IX and XI
lineages requires further verification.

The most recent of the Diacyclops considered are
the potential species of the versutus-group. They have
the closest genetic distances according to COI and ITS1.
Further investigation of this group should employ more
polymorphic genetic markers, such as the nad2 gene of
mtDNA, which has a higher evolutionary rate than COI
in Copepoda (He et al., 2023). This group characterized
by shortened, thickened antennules that do not reach
the posterior margin of the cephalothoracic shield. The
antennules are armed with a large number of setae
and the third endopodite of P4 is armed with three
spines and two setae. According to G.F. Mazepova, the
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presence of a large number of setae on Al in D. versutus
is associated with its habitation on soft soils, including
silts. Specimens of the versutus-group were collected
from various substrates, including hard substrates,
sand, stones, and stones with sand. The change in
antennule and the third endopodite of P4 morphology
in the ancestral form of the versutus-group may have
contributed to ecological success, similar to the body
reduction in the improcerus-group, and provided a
predatory feeding advantage. It is possible to assume
that the group underwent peripatric speciation along
the depth gradient. Specimens of genetic lineage VIII
were found at minimum depths of up to 1 meter, while
specimens of lineages VII and VI were found at greater
depths of 10 and 15 meters.

The galbinus-group is the most perplexing. The
validity of D. galbinus has been questioned since its
description. Monchenko V.I. considered this species to
be a synonym of D. moravicus (Sterba, 1956), which
inhabits the karst waters of Moravia (Monchenko,
1974). Unfortunately, D. moravicus sequences are not
available in the databases to compare it with the galbinus-
group. Additionally, D. galbinus is the only species of
the endemic Diacyclops found outside Lake Baikal, in
Lake Shartlinskoye, making it subendemic. The benthic
copepods of Lake Baikal include another one subendemic
species - Harpacticella inopinata, which also found in
the Yenisei River. The molecular study of this species
from the Yenisei River has revealed its relatively recent
Baikal origin, likely due to anthropogenic introduction
(Fefilova et al., 2023). To assess the dispersal routes of
the galbinus-group, it is necessary to analyze molecular
genetic data from specimens of D. galbinus collected
from Lake Shartlinskoye. Furthmore, our study shows
that while the galbinus-group is a monophyletic group
with the rest of the Baikal Diacyclops, it is genetically
distant. It is possible that ancestral form of the galbinus-
group diverged during the relatively early stages of
Cyclopoida evolution in Lake Baikal and may have had
a different ancestral form of Diacyclops than the other
endemic Diacyclops analyzed. The study revealed the
existence of four genetic lineages among specimens
with similar morphology to D. galbinus. It is possible
that each lineage represents a potentially new species.
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OpuruHanbHanA CTaTbA

O6Hapy)XeHMe TpexX BUAOBbIX KOMNAEKCOB,

6An3kux no mopdonorum K Diacyclops LEINOLDGY
h ) FRESHWATER

galbinus, D. versutus n D. improcerus BIOLOGY

(Copepoda: Cyclopoida), us ozepa baukan — — —

Maiiop T.10." *, 3angsikos U.10.", Kupunpuuk C.B.

JlumHostoeuueckuti uHcmumym Cubupckoeo OmdesieHua Poccutickoti Akademuu Hayx, yi. Ynau-Bamopckaa, 3, Hpkymck, 664033, Poccua

AHHOTALIUA. Cyclopoda npencTaBiisiioT pa3HOOOpa3HyIo IPyINy paKooOpa3HbIX, OOUTAIMINX B O3€pe
Baiikan. Cpenqu HUX HauboJiee 6GoraT BUJAMH U BhICOKO3HOeMuueH pon Diacyclops Kiefer, 1927. JTna
Tpex 6alKabCKUX BUOOB JAHHOTO poAaa, D. improcerus, D. galbinus u D. versutus, XxapaKTepHa BBICOKas
MHAUBUyaJibHasA Mopdosioruyeckass H3MeHYMBOCTh TakuMm oOpa3oM, BO3HHKaeT BOIPOC, Bce JIK
ocobu, oTHeceHHHBIe K D. versutus, D. galbinus wiau D. improcerus npuHamIexar K 3TuM Bugam? MoJte-
KYJIAPHBIA ¥ MOP(OJIOTMYECKUIT aHATIM3BI ObLTH IpoBeAeHs Ay1s Diacyclops 13 o3epa Batikas, KOTOpse
no Mopdosoruu cxoxu ¢ D. improcerus, D. galbinus u D. versutus. AHajM3 AaHHBIX [0 TPEM MOJIEKY-
JsapHBIM MapkepaM MT/IHK (COI, 12S) u agepHoii JHK (ITS1) no3BosvI BEIABUTH TPU KjlacTepa, COOT-
BETCTBEHHO pa3fieJIeHHI0 0co0ell Ha Tpu I'pynnkl 1o MopdosiornieckuM npusHakam. Kaxasiil kiacrep
IIpeCcTaBjieH HECKOJIbBKUMU IeHeTUYeCKMMU JIMHUAMU. MBI npeAnoJiaraeM, 4TO 3TO TPU KOMILIeKca
6JIM3KOPOJICTBEHHHIX BUMOB: improcerus-, galbinus-, u versutus-rpynnsl. MeTo IJIaBHBIX KOMIIOHEHT Ha
OCHOBe MOPGOMETPUYECKUX MHEKCOB, IMPOKO UCIOIb3yeMbIX B TakcoHoMuu Cyclopoida, orpanuyen
B paszfiejieHNH OJIN3KOPOACTBEHHBIX BIUAOB BHYTPU JaHHBIX KOMILIEKCOB. B paboTe npuBeneHb MUKPO-
doTorpaduu u pucyHKN YeTBEPHOU MMaphl IIaBaTeIbHBIX HOT (P4) 1 aHTeHH 0co6el pa3HbIX reHeTuye-
CKUX JIMHUU Versutus- U improcerus-rpyni. OTMe4eHbl 3HaUnTeJIbHbIE OTJINYNA B OpaHMEHTalu KOKCO-
NOAWTA U COeAMHUTEIbHON ITACTUHKY P4 1 6a3unofuTa aHTEeHHB y 0co0ell 13 Pa3HBIX reHeTHYeCcKux
JIMHUM.

Kimoueguie citosa: ozepo Batikan, Diacyclops, Cyclopoida, 6uopa3zHooGpasue, SHAEMUYHBIE BUIbI

1. Beepenune corsiacHo Ileme (1994) wiu x rpynne 2 (languidoides)

corjacHo Peiin (1994). [BeHamaTh >SHAEMHUYHBIX
BunoB Diacyclops umeloT 11-ujieHUCTBIE AHTEHHYJIHI,
bopMysTy UYJIEHHMCTOCTH TJIaBaTeJbHBIX (IK30MOAUT/
CJleflysl MO YMCJIEHHOCTH BUJOB Mocje ambunon, sumomoaut): 2.2/3.2/3.3/3.3 M  5K30MOAAJIbHYIO
ocTpakof u rapnaktTunu (TumomkuH, 2001). CambiMu IETHHKY Ha OA3WIOAUTE AHTEHHE M NPUHAIIEXKAT
GoraTeIMU 10 BHIOBOMY COCTaBYy CPeIU HUX ABJIATCA languidoides-rpyrme. Diacyclops B o3epe OGHTAIOT B
poxsl Diacyclops Kiefer, 1927 u Acanthocyclops Kiefer, TeueHMe KpYTJIOro TOfA HA BCEX IIyOMHAX, HAYMHAA
1927. O6a pona TaKCOHOMUYECKH CJIOXHbIE B CBA3U C 30HHI 3amjiecka, Ho Haubojiee PasHOOOpPA3HBI OHU B
C UX GJIM3KAM POJICTBOM U BHICOKUM PasHOOOpasueM stopanu Batikana Dugemuunsie Diacyclops mpencras-
BUJIOB. BBIEJIAIOT ~HECKOJIBKO ~ MOP(OJIOrMIecKux JIEHBl MHTEPCTULUAIBHBIMY, GEHTOCHBIMM M CBS3aH-

rpynn cpenu Diacyclops, KOTopble pacCMaTpUBAIOTCA, HBIMU ¢ Tyokamu Bugamu (TumorkuH, 2001; Alekseev
Kak BujoBble Kowmiuiekchl (Pesce, 1994; Karanovic, and Arov, 1986).

Krajicek, 2012; Reid and Strayer, 1994). Diacyclops B
o3epe Baiikas mpepcTtaBjeH 17 BugaMu, M3 KOTOPHIX
15 sugemuku (MasemnoBa, 1978; Sheveleva et al., 2012;
Flossner, 1984). Tpu Buga Diacyclops u3 o3epa Batikai,
u3 kotophix D. talievi (Mazepova, 1970) - sHAeMUK,
npuHagiexat bicuspidatus-rpynmne. J[Ba 3HIeMHYHBIX
Buaa, D. eulithoralis Arov, Alekseev, 1986 u D. biceri
Boxshall et al., 1993, oTHocAT K Virginianus-rpyrre

Cyclopoida mnpeacTaByAlOT OJHY U3 CaMBIX
pa3HOOOpa3HbIX IPYII paKooOpa3HHIX B 03epe Barika,

[MopmaBiAomas 4YacTh SHAEMHWYHBIX  BUJIOB
Diacyclops 6puta ommcana I'.®. MazenoBoil B 1950-
1960-e rr., OTKpHIBIIEI 3Ty pa3HOOOpPa3HyI0 U BBICO-
KosHAeMmuuHywo rpynmny (Masamosa, 1978). IIpugep-
XKUBasCh  TAKCOHOMUYECKOU  cuUCTeMBl  PrijioBa
(1948), aBTOp OTHECJAa BCE OMMCAHHBIE BUIBI K POOY
Acanthocyclops. B mocieyiormue Togsl OBLIO OMUCAHO
emle 4yetbipe Buaa Diacyclops v mepeomucad OavH BULQ
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D. arenosus (Mazepova, 1950), obuTammux B 03epe
Barikau (Flossner, 1984; Boxshall et al., 1993; Sheveleva
et al., 2010; Sheveleva and Mirabdullaev, 2017).

Ougemuunsie D. versutus (Mazepova, 1962), D.
improcerus (Mazepova, 1950), D. konstantini (Mazepova,
1962) u cy6anaemuunsiii D. galbinus (Mazepova, 1962),
CXO0XU 110 MOP(OJIOTUU U ABJISAKOTCSA CUMIATPUYECKUMU
Bumamu. D. improcerus, D. konstantini u D. galbinus
IIMPOKO PaclpOCTPaHeHkl, TOTrAa Kak D. versutus peJJko
BCTpevaeTcs B 6aliKaIbCKOM JIMTOPaJIbHOM 30He (Ma3e-
moBa, 1978). D. galbinus v D. improcerus Takxe 00UTaOT
B MHTepcTHUIManu o3epa Batikan. D. galbinus 6511 06Ha-
pyXeH 3a npeneyiamu Baiikana B o3epe IIlapTinHCKOE,
PacIoJIOXXEHHOM B CEeBepO-3amafHON YacTu GaliKasib-
ckoii 6eperooii unuu (Sheveleva et al., 2013; IITaGy-
poBa, 2010).

B omwucanum D. improcerus, D. galbinus u D.
versutus IPUBOAATCS 3HAUNUTEJIbHbIE BapHanuu Mopdo-
JIOTUYECKUX TPU3HAKOB. TakuM 00pa3oM, BO3HUKAET
BONIPOC, BCce JIn 0coOu, OTHeceHHBIe K D. versutus, D.
galbinus wu D. improcerus pyUHaAJIexXaT 3TUM BUJAM?
I.®. MaszenoBa oOBsCHAJA 3HAYUTEJIBHYI WHIOWUBU-
JyaJibHyl0 MOpPQOJIOrYecKyi0 BapuabesbHOCTh D.
galbinus w D. improcerus MPONODKAIOMIMMUCA Y HUX
mpoljeccaMy aKTUBHOTO Bujoo6pa3oBanus (Ma3senosa,
1978).

[epBbie pe3yabTaThl HccyienoBanus Cyclopoida
n3 o3epa bBalikam BBABWINM HECOTJIACOBAHHOCTh
MOJIEKYJIAPHBIX U MOPGOJIOTUYECKUX JAHHBIX [JIA
LUKJIONOB, Mo MopdoJsoruu cxoxux ¢ D. versutus, D.
improcerus u D. galbinus. (Matiop u ap., 2017). IIpoa-
HaJIM3UPOBAHHbIE OCOOU I[UKJIONOB 110 MOJIEKYJIAPHBIM
JaHHBIX BOILIA B (PUJIOTPYIIBI C HEONPEeSIEHHBIM

TaKCOHOMUYECKUM craTycoM. [locienyromuii aHaiu3
[[UKJIONIOB, OTHOCAMUXCA K OJHOM M3 3TUX (puorpymni,
obutaronux B lOxxHoM Balikane, nokasas, 4To Mopdo-
JIOTUYeCcKH U TeHeTUYecKU Bce HccileJoBaHHBIe 0cobu
OJIM3KU MeXOy cO000H U, MO-BUAUMOMY, OTHOCATCA K
HoBoMmy Buay D. sp. (VIG2) (Mayor et al., 2019).

B 3TOi1 paboTe MBI IPOJOJIKAaEM KCCJie[OBaHUe
Diacyclops u3 o3epa Batikai, 6;u3kux mo Mmopdosioruu
D. versutus, D. improcerus u D. galbinus u D. konstantini,
HCIIOJIb3ysd  MopdoJioruyeckue U MOJIeKyJIApHBIe
METO/BI.

2. Marepuanbl ¥ MEeTOAbI
2.1. C60p maTepuna U TAKCOHOMMUECKOE
onpepeneHue

[uxsmonel  Obi  cobpaHsl B IOxHOM,
HenTtpansHoM u CeBepHOM OacceiiHax o3epa batikai B
2018 — 2023 rr. ITpubpesxHble NpoOLl OTOUPAIN CAUKOM
¢ paaMmepoM sA4deu cetu 100 MkM. Bosiee riry6oKOBOgHEIE
mpo6s! (2-30 M) oTGMpasi C MOMOIIBI0 AKBAJIAHTHUCTA.
Heckosbko IMKJIONOB OBLIN JII0OE3HO Npei0CTaBJIEHBI
CyxanoBo#i JI.B. u JlyxueBsim A.I'. (JIUH CO PAH).
[uxyionoB ¢ukcupoBain B 96% sTaHOJE U XpaHWIN
pu - 20°C.

TakcoHOMUYecKoe  olpefiejieHHe  LUKJIONOB
IIPOBOJIWJIM, WCIOJIb3Ys TaKCcOHOMUYeckuil kiou I'.O.
MasemnoBoii (1978). B ucciiefoBaHUU MCIOJIb30BAJIA
ocobeti, Mopdosioruiecku cXoaHeix ¢ D. versutus, D.
improcerus, D. galbinus u D. konstantini. Xapakrepu-
cTUKU 0TOOpa npob npeAcTasieHsl B Tabure 1.

Ta6sauna 1. Xapakrepuctuku or6opa npo6, NCBI HoMmepa gocTymna [Jis MOJIy4eHHBIX HyKJIeOTUAHBIX I0CJIeJoBaTeIbHOCTell

Homep = Mara Mecto Koopaunarsi | I'imy- Cy6erpatr |Mopdouio- |dauaa NCBI HOMep fmocTyna
ocobu E 0T6016)a or6opa nmpo6 OuHa, rudeckue (ITSl) coIl 125 ITS1
npo M naugeie | (m.H. MIDNA pPHK
BG5** g 28.05.2018 |moc. Bosioe| 52°01.352’ N ]0,3-0,5 KaMHH + 318 |MK207031|MT020872|MK207045
l'onoyctHoe |105°23.514’ E
84** g 06.2008 | 3amuB Kypma | 53°10.114’ N |0,3-0,5 KaMHU - - GUO055755 -
106°58.424’ E
BG2** g 28.05.2018 |moc. Bosbimoe| 52°01.352’ N |0,3-0,5| kamHu, ecok + - MK207029 -
T'onoyctHoe |105°23.514’ E
BG4** g 28.05.2018 |moc. Bosbmmoe| 52°01.352’ N |0,3-0,5| kamHM, 1ecok + - MK207030 -
T'onoycrtHoe |105°23.514’ E
D10** g 04.2018 noc. Jluer- | 51°52.022’ N |0,3-0,5 KaMHU + - MK207035 -
BSIHKA 104°49.567’ E
D12%** ¢ 04.2018 moc. Jluer- | 51°52.022’ N 0,3-0,5 KaMHU + - MK207037 - MK207051
BSIHKA 104°49.567’ E
BK4** ¢ 04.06.2018 |moc. Bosbimue| 51°54.114’ N |0,3-0,5| kamHu, mecok - 318 |MK207027 |MT020873|MK207049
KoTbt 105°04.267’ E
266* g - 03. Batikan - - - + 338 |MT176788 |MT020868|MT010631
270% ¢ - 03. Baiikan - - - + 338 |MT176789 - MT010632
366* % 17.06.2019 |moc. Bosasmue| 51°54.111’ N | 1,2 KaMeHb C 314 |MT176791 - MTO010628
KoTbt 105°04.061’ E JINMIaUHUKOM
369* ¢ 17.06.2019 |moc. Bospmine| 51°54.111° N 1,2 KaMeHb C - 314 |MT176792|MT020870|{MT010629
KoTbt 105°04.061’ E JINIIAaHUKOB
397* ¢ 03.2014 |moc. bBospmine - - - + - MT176790 -
Kotsl
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Homep = Mara Mecto Koopaunarsi | I'imy- Cy6erpatr |Mopdouio- |dauaa NCBI HOMep fmocTyna
ocobu E 0T6016)a or6opa nmpo6 OuHa, rudeckue (ITSl) col 125 ITS1
po M naHebie | (ILH. MIDNA pPHK
D16 ¢ 19.05.2018]| r. Cnropsanka | 51°40.017° N ]0,3-0,5 KaMHU + 314 |MK207039|MT020874|MT010630

103°42.532’ E
BG14 g 28.05.2018 |moc. Bossmmoe| 52°01.352’ N |0,3-0,5|kamMHu, mecox + - MT176787 - MK591137
TonoyctHoe |105°23.514’ E
BG15 g 28.05.2018 |moc. Bosbmoe| 52°01.352’ N |0,3-0,5| kamHu, 1ecok + 320 |MT176793|MT020871|MK207047
TonoyctHOe |105°23.514’ E
BK21 g 04.06.2018 |moc. Bospmue| 51°54.114° N |0,3-0,5| kamHM, ecok + 333 |MK207028 - MK207050
Kotsr 105°04.267’ E
MM1 ¢ 23.12.2018 Maussie 53°01.073’'N | 0,5 - + - MT176794 |MT020875|MK591138
OnbxoHckue | 106°54.008’ E
Bopora
MM2 ¢ 23.12.2018 Mautete 53°01.073’ N | 0,5 - + - MT176795 |MT020876 -
OspxoHckue | 106°54.008’ E
Bopora
MM3 g 23.12.2018 Maussie 53°01.073’N | 0,5 - + - MT176796 - -
OspxoHckue | 106°54.008’ E
Bopora
F2 . 31.05.2021 |noc. Bosybmme| 51°54.128’ N 6 KaMHU + 314 - - OR502812
KoTbt 105°06.168 E
F96 ? 05.06.2021 | p. Hemusnka | 55°32.32’ N 6 ryboka + - - - OR502819
109°48.57’ E
F107 ? 19.09.2022| mbic KatkoB |53°11.3512’N| 10 KaMHU + 314 | OR506695 - OR502813
108°25.679’ E
F112-1 ¢ 26.09.2022| wmbic Apyn | 53°27.855’N | 10 |kamHu, mecok - - - - OR502820
107°33.192’E
F112-3 ? 26.09.2022| wmsbic Apyn | 53°27.855’N | 10 |xamHu, Iecok + - - - OR502821
107°33.192’E
F112-5 ¢ 26.09.2022| wmsbic Apyn | 53°27.855’N | 10 |xamHH, IeCOK + - - - OR502822
107°33.192’E
F112-6 ? 26.09.2022| wmsbic Apysn | 53°27.855’N | 10 |xamHH, IecoK + - - - OR502823
107°33.192’E
F112-7 ¢ 26.09.2022| wsbic Apyn | 53°27.855’N | 10 |xamHH, IeCOK - - - - OR502814
107°33.192’E
F116-1 ? 17.09.2022 | o. Anracosika |51°43.6301°’ N| 20 KaMHH + - - - OR502800
103°46.486’ E
F116-2 ¥ 17.09.2022 | o. Anracosika | 51°43.6301°’ N| 20 MEeCOK + - OR501221 - OR502801
103°46.486’ E
F120 ? 25.09.2022 | meic Huxuumii | 54°21.47° N 15 KaMHHU + 330 - - OR502803
KenpoBbiit 108°30.4’ E
F130 g 26.09.2022| wsbic Apyn | 53°27.962’ N | 30 - + 300 - - OR502804
107°33.999°E
F135-1 ¢ 16.09.2022| VnanoBo [51°47.7913’N| 30 MeCoK + 303 - - OR502805
104°31.515’E
F135-2 ¢ 16.09.2022| VmnaumoBo [51°47.7913’N| 30 IeCoK + 325 - - OR502806
104°31.515’E
F136-1 ¢ 17.09.2022 | o. Auracoska [51°43.6301’ N| 5 ECOK + 320 - - OR502807
103°46.486’ E
F136-2 ¢ 17.09.2022 | . Auracoska [51°43.6301’ N| 5 [eCOK + - - - OR502815
103°46.486’ E
F144 ¢ 27.09.2022 | YepTtoB Moct | 51°56.133’ N | 15 |xamHH, IecoK + - PP280626 - OR502808
105°15.672’ E
F156-1 ¢ 16.09.2022| VmanoBo [51°47.7913'N| 10 [IeCOK + - OR506692 - OR502809
104°31.515’E
F156-2 ¢ 16.09.2022| VmaHoBo [51°47.7913'N| 10 IIECOK + 328 | OR506693 - OR502810
104°31.515’E
F156-3 ¢ 16.09.2022| VmanoBo [51°47.7913'N| 10 [IeCOK + - OR506691 - OR502817
104°31.515’E
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Homep = Mara Mecto Koopaunarsi | I'imy- Cy6erpatr |Mopdouio- |dauaa NCBI HOMep fmocTyna
ocobu E 0T6016)a or6opa nmpo6 OuHa, rudeckue (ITSl) col 125 ITS1
po M naugere | (m.H. MIDNA pPHK

F191-1 g 27.04.2023 |noc. Bospmue|51°53.5859’ N 1 KaMHH, TIeCOK - 333 - - OR502811
Kotsl 105°03.502’ E

F191-3 g 27.04.2023 |oc. Bospmue|51°53.5859’ N 1 KaMHH, IIECOK + - - - OR502802
Kotsl 105°03.502’ E

F191-4 g 27.04.2023 |moc. Bospmue|51°53.5859’ N 1 KaMHH, IIECOK + - - - -
Kotsl 105°03.502’ E

F191-5 g 27.04.2023 |moc. Bospmue|51°53.5859’ N 1 KaMHH, ITeCOK + - OR506696 - OR502818
Kotnl 105°03.502’ E

F193 ? 27.04.2023 |moc. Bospmue|51°53.5859’ N 1 KaMHH, TIeCOK + - - - -
Kot 105°03.502’ E

IIpumeyaHnue:

«*» — [IUKJIONBI, ObLIN JII00e3HO npenocTtasieHsl JI.B. CyxaHoBoil u A.T'. JIlyxHeBbIM
«**» — MaHHBIE 1A [IUKJIONOB OBLIM OomyOJinKoBaHbl paHee (Mayor et al., 2019)

«+» — maHHble UMEI0TCA
«=» — NaHHbI€ OTCYTCTBYIOT

2.2. MopdonornueckKkum aHanus

Mopdosiornueckuili  aHaJu3 NPOBOOUIIA  C
noMmolieio crepeoMukpockona MCII-1 (JIOMO, Poccus)
u Mukpockona Olympus CX 41 (Olympus, AnoHus).
Ocobu BBIMauuBagu B Boje, (dortorpadupoBanu u
U3Mepsyid ¢ nomolipio nudposoii kamepsl Levenhuk
M 800 Plus, npucoenquHeHHON K MUKpockony Olympus
CX 41 u mporpammHoro obecrneuenus LevenhukLite
(Levenhuk, Inc., CIIA). PucyHKH 4YeTBEpPTOHM Maphl
IJIaBaTeJIbHBIX HOI OBLJIM BBHINOJIHEHB C ITOMOUIBIO
Mukpockomna Olympus CX 41 u pucoBajibHON HacaaKu
U-DA (Olympus, fAmonus). Pucynku wmopdosoruye-
CKHX IIPM3HAKOB BHIMNOJIHAN C IOMOIbI0 PUCOBAJIbHOMN
Hacagku U-DA Olympus Drawing Attachment mia
Olympus CX41 (Olympus, fAnonus). JuHy Teja Moy-
yaJy, CyMMUpYA AJIMHY LedajloTopakca, TOpakaJIbHBIX
1 abJOMUHAJIBHBIX CeIMEHTOB.

CoxkpaieHusa Mop(oJiorundeckux 0003HaueHUI:

Jia xoH(@OKaJBHOU Jia3epHOU CKaHUpPYIollen
mukpockonuu (KJICM) o6pasmnbsl camMOK  IUKJIOIOB
oKpaluBajau KpacHeIM KOHro B TeueHue HOUYHM U IOMe-
maJMi Ha IpeIMeTHOe CTeKJIO, CJieAys Ipolledype,
omvcaHHor MuxesnbcoM u bBronmoseiM (Michels and
Biintzow, 2010). MaTepuaj ckaHUPOBaJIX C IIOMOIIIBIO
JiazepHOro KoH¢pOoKaJIbHOro Mukpockona Carl Zeiss LSM
710 (Zeiss, T'epmanusa) c junsamu Plan-Apochromat
20x% /0,8 u 63 X /1,40 Qil DIC M27; dusbtpst 570-670
HM; 561 HM, nipu 3,0 % MolHOCTHU Ja3epoB. HauboJiee
n3MeHUrBBle MOP(QOJIOTUUEeCKHe ToKa3aTesil OlleHU-
BaJIi C MOMOIIIBIO aHaJ/IM3a COOTBETCTBUA M MCIIOJIb30-
BaJIi JJIs1 METO/4a I'JIaBHBIX KOMIIOHEHT. Bce cTaTuCTH-
YyeCcKre aHaJIM3bl ObLJIM BBIIIOJIHEHHI C KCII0JIb30BaHUEM
Past 4.11 (Hammer et al., 2001).

2.3. Boipenenue AHK, NUP n
CeKBeHMpoBaHue

Ti BHYTPEHHA TEPMUHAJIbHASA METHHKA O6myo JIHK BhimeIAnyd M3 ANIEBHIX MEIIKOB
Te BHEINHAA TEPMHUHAIbHAA METUHKA WIA COMAaTUYeCKOM TKaHM CJeAVIoNMM 00pa3oM:
Td AopcajibHasA NETUHKa ocobu [[NKJIOIIOB, (pukcrupoBaHHbIE 3TaHOJIOM,
Tl JlaTepaJibHas MIeTUHKA MIOBTOPHO perupaTypoBaii B JeMOHU30BaHHOU BoJe
Tmi  cpeaHsis BHyTPEHHsIsI TEpMUHAJIbHAS B TeueHre 20 MuH. 3aTeM OHOJIOTUYECKHII MaTepual
eTUHKA HHKyOupoBasu B 2-KpatHOM Oydepe Encyclo ma TP
Tme cpenHsAA BHEWIHAA TEPMUHAJIbHASA MIETUHKA (6e3 Mg2+) (Evrogen, Poccus), cogepxamem 0,1 mr/
Lf JUTMHA KayJaJIbHbIX BETBEH w1 IIporenHass K, mpu 65°C B TeueHue 1 vaca. ITocie
Wit MIMPHHA KayaJibHbIX BETBEH 3TOro MPOBOAWIN WMHKybaruo npu 94°C B TeueHue 5
Enp3 TpeTwmil SHANOAUTHbIA WIEHNK MUH. Ay1s JeaktuBanuu [IporenHaswl K. IloyyeHHBIN
P4, PS5 yerBepras, nAras napa IjasaTeJIbHbIX HOT pacTBop, copepxamuii TotanbHyo HK, xpaHuii npu
LP5  [IMHHAA QMCTABHOrO WIEHMKa P5 temnepaTtype -20°C u wucnosip3oBasiu B 10-kpaTHOM
. ; passegenuu 1uia [11P B kauectse JJHK-MaTpusl.
IAS BHYTPEHHUN alMKaJIbHBIN NI TPETHEro
SHIOAUTa P4 [P npoBoaWJIM C MCIIOJIb30BAHUEM YHUBEP-
EAS  BHEIIHWI anYKaJbHBIA MU TPETHETO SH/TIO- CanBHHX npajimepos, LCO-1490 m HCO-2198 mna
p ol
uTa P4 ammmnpukanuu ¢pparmenTa COI (Folmer et al., 1994),
L P — KP2 (5-AAAAAGCTTCCGTAGGTGAACCTGCG-3)
W — u 5,8C (5’-AGCTTGGTGQGTTCTTCATCGA-3’)
Al armesmya A ammnukanuu ITS1 (Phillips et al., 2000), u
H13845-12S (5’-GTGCCAGCAGCTGCGTTA-3") u
A2 anerenna 113337-12S  (5-YCTACTWTGYTACGACTTATCTC-3")
Cphth nedanoropake A ammmmdukarmuu 12S (Machida et al., 2002).
sp mun AmMiunoukanuio nposoquiin B Tepmonukiaepe 100TM
se I[eTUHKA
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(Bio Rad, CIIIA) c uCMNOJIb30BaHWEM pEAreHTOB [JIs
[P (Evrogen, Poccus). Peakiui NOpoBOOUIUA B
cMmecu obpemoM 20 Mxi: 1x Encyclo 6ydep, 3,5 MM
marHus, 0,5 MxkM kaxzoro mnpaiimepa, 0,2 MM Kax10ro
dNTP, 0,5 egunun JHK-nonumepassl Encyclo u 2 Mk
pactBopa, cogepxaigero JHK.

[lporpamma ammmukanuy BKJI0OYaga 3Tall
HarpeBaHus cMecu 10 94°C B teueHue 4 MuH., 35-40
LIUKJIOB, COCTOSIIIMX U3 cJieAyooummx 3Tamnos: 94°C B
TeueHue 15 cek., 48°C mwnu 57°C (oia ¢pparmeHTOB
COI u ITS1, 12S cooTBeTCTBEeHHO) B TeueHHe 20 cek.,
72 °C B TeueHnue 1 MuH. 3aKJIIOUMTEJIbBHYIO CTaIuUI0
3JIoOHTanuu nposofuau npu 72°C B TeueHue 4 MUH.
Jid cekBeHMpPOBaHHA aMIUIMKOHBI 3KCTparupoBaji
W3 arapo3Horo reJjisi ¢ HCHOJIb30BaHHEM IPOTOKOJIA,
onucaHHoro pasHee (Matiop u ap., 2010). Hykieo-
TUAHBIE IOCJIeOBaTeJIbHOCTH IieJIeBhIX (parMeHTOB
oIpeJiesiAiid C IIOMOIIbI0 Habopa JJis CeKBeHUPOBaHUA
ABI PRISM BigDye Terminator v. 3.1 B 8-KallUJUIIPHBIX
reHeTuveckux aHanusaropax ABI 3500 (Thermo Fisher
Scientific, CIITA) u Harnodop 05 (Cunros, Poccus).

2.4. MoneKyAapHO-QUNAOTeHeTHYECKHH
aHanu3

[TosryueHHbIE nocJjieJ0BaTeJIbHOCTU OBLIN
BHeceHHl B 0a3y maHHeIXx GenBank, m ux Homepa
pocryna B NCBI npusenensl B TaGmune 1. Bripas-
HUBaHNe HYKJIeOTHUJHBIX IIOCJIeJoBaTeJIbHOCTE U
pacueT reHeTHMYeCKUX PaCCTOSHWI OBLIN BBIIOJIHEHBI
¢ ucmosb30BaHueM mporpaMmmbl MegaX (Kumar et al.,
2018). INomumopdusm JJHK oneHuBasi ¢ HOMOIIBIO
mporpammMbel  DnaSP  5.10.01 (Rozas et al., 2003).
BHyTpureHoMHbIN MOMUMOP()U3M ObLT OOHApyXeH B
HEKOTOPHIX nocjiefoBaTeapHOCTAX ITS1, 1 MBI 3akoau-
poBai CalThl C ABONMHBIMU IIMKaMU B COOTBETCTBUU
¢ IUPAC. [Ina ananusa HabopoB maHHBIX COI, 12S u
ITS1 mb! BeIOpanu mopenu GTR + G, HKY +G u TN93
+ G, COOTBETCTBEHHO, Ha OCHOBe MHGOPMAIMIOHHOI'O
kputepus Axaiike u baliecoBckoro wuH(pOpPMAaIMOH-
HOT'O KPUTEPHs, PACCYMTAHHBIX ¢ TToMOIIbio jModel Test
2.1.6 (Darriba et al., 2012). /[epeBbs MakCUMAaJIbHOTO
npaBaononodusa ObLJIM MOCTPOEHHI C KUCIOJIb30BaHHEM
IQ-TREE2 (Minh et al., 2020). I[Toaaepxka y3J0B IJis
BeTBell olleHNBaJjlach C IOMOIIBI0O Oy TCTP3II aJITOPHUTMa,
ucnosnb3ys 1000 permmkanuii. Kpome Toro, Mol BKJIIO-
YIJIM B aHAJIM3 HocjIeoBaTeIbHOCTU BUAOB Diacyclops
U [pyTHUX LMKJIONOB, JOCTYNHBIX B 6a3e reHeTHUYeCcKuX
manHbpx. Ux HOMepa foctyna B GenBank mpuBenmeHsr
Ha (puioreHeTHYeCKUX JiepeBbax. JlepeBbs ObUIM BU3Y-
aJn3UPOBaHbl U OTpefaKTHPOBaHHI C UCIOJIb30BaHUEM
Interactive Tree Of Life (iTOL) Bepcum 6.8.1 (https://
itol.embl.de, moctynm ocymectsieH 16 centsabps 2023
r. u 3 okTa6psa 2023 r.)) (Letunic and Bork, 2021).

Jia pmenuMmuTanuy BHOOB Ha OCHOBe Habopa
JaHHbIXx COI, MBI IIpHUMEHAJIN MeTOABl OllpejiesieHNs
IpaHUll BUJOB, KOTOPHIE MCIOIb3YIOT IONapHble reHe-
TUYecKHe paccTosHusA U dujoreHeTuyeckue AepeBbs.
Msl ncnoJib3oBay MHCTpyMeHT Assemble Species by
Automatic Partitioning (ASAP) c p-AucTaHIUAMHU U

HacTpovikamu 1o ymoidanuto (https://bioinfo.mnhn.
fr/abi/public/asap/ maTta obpamenus: 3 okTa6ps 2023
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roga) (Puillandre et al., 2021). B aHayiu3e MCIOJIB30-
Basin Takxe Meronbl Poisson Tree Processes (PTP) u
Bayesian Poisson Tree Processes (bPTP) (Zhang et al.,
2013) c HacTpolikaMu 10 yMoJI4aHuio u ML-gepeBow,
MOJIyYEHHBIM B XOJle HCcaeoBaHusA. Kpome ToOroO,
6su1 ucnosib3oBaH Generalized Mixed Yule Coalescent
(GMYC) wmerom c yJbTpaMeTpUuYeCKUM JepeBOM,
HOJIyYeHHHIM B mporpaMmme Beast 2.5.2 (Bouckaert et
al., 2014). Ccpuikyu Ha uctouHuky A PTP u GMYC

https://species.h-its.org/ptp/ u https://species.h-its.
org/gmyc/, COOTBETCTBEHHO, nAara oOpameHusa 20

okTa0pA 2023 rofa.

3. Pe3ynbTarthbl
3.1. TakcoHOMHuYEeCKan UACHTUPUKAUUA

Copok Tpu 0cOoOM B3POCJIBIX CaMOK W OAUH
camer| Diacyclops 61t oTOGpaHbl U3 03epa Baiikas ¢
Pa3JIMYHBIX cyOCTpaTOB U IJIyOMH OT ype3a BoAsl 0 30
M (Tabsmra 1). Cemp u3 HUX oTHeceHH! K D. sp. (VIG2).
Hna 38 ocobGell nosyudensl ¢pororpaduu U MpoBefeHbl
n3MepeHnsaA MOpPGOJIOTMYeCcKUX IPU3HAKOB, BKJII0OYAs
aHTEeHHYJIB, KayAajibHble BeTBU U UX IIeTUHKY, IIaBa-
TeJIbHBIEe HOTU 4 1 5 maphl U JJIMHYy Tesa. OnpejiesieHbl
MopdomeTpruyecKkre HHIAEKCH HCIOoJIb3yeMble KaK B
TaKCOHOMUM LIMKJIONOB, TaK U IpuBoguMele I'.d. Mase-
noBoii (1978) B ommcanHum Garikanbcekux Diacyclops.
BonpmmHCTBO pauykoB Obuin choTorpadrpoBaHbl 0
Bhifiesienus JIHK. Tpu sk3ockesieTa ObLIM IMOTEPSHBI
nmocyie skcrpakiuu JHK, u nnsa stux ocobeil ecTh
TOJIBKO MOJIEKyJIApHble AaHHbIe. J[Be 13 HUX IIpUHAA-
Jexar Diacyclops ¢ HauMeHbIIeH OJWHON TeJjia B
aHasuse.

Cpeau 10 ocobeii, Haubosiee OJIU3KUX IIO
mopdosiorun D. improcerus, 4acTb OTJHMYajach OT
JaHHOro Byja Oojiee KOPOTKUM I{e(asioTOpPakCcoOM U
6oJiee JIMHHBIMU aHTEHHYyJIaMM, [Ipyras 4acTh OTJIU-
yasiacb BoopyxeHueM Enp3P4, KoTOpoe COCTOSJIO U3
Tpex MMIOB U [BYX IIETMHOK BMECTO ABYX LIWIIOB U
Tpex meTnHOK. 3 10 ocobeit cxoxux c¢ D. galbinus, 6
ocobell OTJIMYaJINCh OT 3TOro Buaa OoJiee JIMHHBIMU
KayJJaJbHBIMU BETBAMU, O0Jiee KOPOTKOM JiaTepasIbHOU
IIEeTUHKOM OTHOCUTEJBHO IIMPUHBL  KayJaJIbHBIX
BeTBel U 6osiee gimHHON Te. OgHa oco6s (MM1) oTyin-
yasiach 6oJiee KOPOTKMMH anuKaJbHBIM IIUNOM P5 u
nedasoropakcom. J[pe ocobu (BG1l4, F144) umenu
6osiee kopoTkuii Inedasoropakc (Tabmuma 2). dmia
omHout ocobu (F112-7), 6muskoit mo crpoenuio EnpP4
K D. galbinus UMeIOTCA TOJIBKO MOJIEKYJISPHBIE TAHHBIE.
B ucciieqoBanue ObLIM BKJIIOUEHHI 14 ocobelt, O1u3Kue
no Mopdosoruu Ha D. versutus. Ho Bce OHU HMeIOT
6oJiee JJIMHHYIO JlaTepaJIbHYI0 MeTHUHKY OTHOCUTEJIBHO
IUPUHBl KayAaJibHbIX BeTBell. [IBe ocobu (F156-1,
F156-3) otsnuanuce ot D. versutus Takxe 60Jiee KOpOT-
KHMMU KayJaJIbHBIMU BEeTBAMU U MeHblel [Iponopiueit
JopcanbHOU meTuHkU u Te. Ocodb F156-2 oTyimuasnachk
oT D. versutus Taxxe meHbiieii npornopuuen Ti u Te.
Camery (F191-5) 6511 cxox 1Mo Mopdosiorum K camKam
(F193, F191-1 - F191-4) u D. versutus B BOOpYy>Xe€HHUU
Enp3P4 u Taxxe ObUI BKJIIOYEH B aHaIu3. Tpu ocobu
ObLTH ompeziesieHbl, Kak D. konstantini.


https://itol.embl.de
https://itol.embl.de
https://bioinfo.mnhn.fr/abi/public/asap/
https://bioinfo.mnhn.fr/abi/public/asap/
https://species.h-its.org/ptp/
https://species.h-its.org/gmyc/
https://species.h-its.org/gmyc/
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Ta6suna 2. MopdomeTpuueckrie mapamMmeTphl AHAJIM3UPYEMBIX [IUKJIONIOB

Bupn, Homep | Lf/Wf | Te/Ti | Tmi/ | Td/Te | TL/Wf |Lenp3P4/| IAS/ | LA1l/Lcphth Lephth/pomaa LspP5/LP5
ocoou Tme M EAS 2-5 cerMeHTOB
Wenp3P4 TOopakca
D. versutus* |1,8-3,4| 0,5-1,8 |1,7-2,2]0,9-1,5/|0,3-0,6 1,0-1,8 |0,6-1,2| Al KopoTKue, - JnuHa muna P5
(2,5) 1,2) (1,8 | (1,2) | (0,5) 1,4 (1,0) eqlBa IOCTU- 3HAYUTEJIbHO
ralT CepeArHBI BapbUpyeT
nedasioropakca
D. galbinus* 2,9- 10,6-1,8]1,3-1,9]0,8-1,2{1,4-2,0| 1,6-3,0 |1,1-1,8| Al mocTuraioT 2 JinHa muna
5,4 1,2) (1,6) |(1,00)| (1,6) 2,0) (1,3) | 3amguero kpasa P5 paBna unu
3,7) yegaromopaxca HEMHOT'O MeHbIlIe
JUUIAHBI JUCTaJIb-
HOro cermeHra PS5
D. improcerus*| 1,8- |1,0-2,1 - - - 1,0-1,4 |1,0-1,9| Al xopotkue, 1,6-2,3 (1,86) JlimHa muna
4,1 1,6) 1,2) (1,35) | 06BIYHO JOCTH- P5 paBHa nimn
(3,0) raloT cepeArHBbI HEMHOTO MEHbIIIE,
nedasioTopakca 0OJIBbIIE JJTUHBI
IUCTaJIBHOI'O
cermeHTa P5
MM3 2,63 1,67 1,93 | 1,00 | 1,17 1,43 1,29 0,78 0,90 0,68
MM2 2,35 1,39 1,81 - 1,14 1,54 0,83 - 1,15 -
BG14 1,86 1,71 1,82 | 1,04 | 0,93 1,21 1,18 0,92 0,84 1,13
BK21 2,50 1,49 2,20 - 1,16 1,28 1,17 0,73 0,98 0,77
F193 1,80 1,20 1,70 | 1,20 | 1,20 1,40 1,20 0,79 0,86 0,89
F191-3 2,37 1,57 1,64 | 1,05 | 1,18 1,43 1,22 0,77 1,59 1,54
F191-4 2,34 1,73 1,45 | 1,02 | 1,25 1,43 1,17 0,95 0,85 1,41
F156-3 1,40 1,69 1,83 - 0,72 1,38 1,05 0,77 0,98 0,81
F156-1 1,44 1,43 1,91 | 0,47 | 0,84 1,22 1,00 0,67 0,84 0,75
F120 2,60 1,60 1,90 | 0,94 | 1,33 1,46 1,12 0,71 0,98 0,71
F156-2 2,51 2,06 - 1,05 | 1,13 1,02 1,20 - 0,76 1,15
F96 3,08 1,68 1,73 | 0,91 | 1,22 1,57 1,20 0,73 0,77 1,01
F-130 2,70 1,56 1,54 | 1,10 | 0,94 1,15 1,32 0,66 2,10 0,80
D16 2,89 1,17 1,48 | 1,04 | 1,07 1,24 1,24 1,12 0,93 1,01
366 2,03 2,03 1,53 | 1,39 | 1,11 1,16 1,21 0,87 1,40 1,37
F112-5 3,41 1,72 1,59 | 1,25 | 1,01 1,27 1,26 0,81 1,16 0,70
F112-6 3,79 1,33 1,86 | 1,70 | 1,25 1,18 1,23 0,88 1,00 0,60
F112-3 3,25 1,80 - 1,62 | 0,87 1,08 1,15 0,79 1,18 0,80
F-107 3,57 - - - 0,97 1,14 1,41 - 0,99 1,00
F2 3,69 1,41 1,21 1,57 | 1,23 1,25 1,13 0,92 1,10 0,80
MM1 3,40 1,26 NA 0,95 | 1,62 2,16 1,26 0,98 1,14 0,52
BG15 3,45 1,82 1,68 | 1,00 | 1,36 1,99 1,19 0,94 1,26 0,51
F144 3,80 1,39 1,60 | 1,06 | 1,38 2,10 1,16 1,24 0,98 0,82
F116-1 5,82 0,94 1,53 - 1,83 1,90 1,23 1,23 0,98 0,60
F116-2 4,00 1,17 - 1,28 | 1,32 2,11 1,33 0,94 1,13 0,89
F136-1 3,76 1,96 1,71 | 0,81 | 1,36 2,23 1,33 - 1,20 0,81
F136-2 5,05 2,29 - 0,95 | 1,71 2,57 1,25 1,3 1,15 0,96
F135-1 3,78 1,75 - - 1,00 2,50 1,25 1,2 1,56 0,75
F135-2 3,95 1,63 1,52 - 1,35 2,56 1,21 1,2 1,17 0,98
IIpumeyanue:

«*» — nanHele [.d. Ma3zenosoii (1978), B ckoOkax JaHbI cpeJiHUe 3HAYEHUs

«-» — TJAHHBIE OTCYTCTBYIOT
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3.2. MonekynapHana GUAOreHuAa U
AAMMUTaLUA BUAOB

B xope nccienoBaHus MOJIEKyJIApHBIE MapKephl
aMILUTUGUITAPOBAIA B OJWHAKOBBIX YCJOBUAX MJIA
MOpP(}OJIOTUUECKN CXOOHBIX 0cobeli, COOpaHHBIX B
omHoM MecTe. OpgHako aMmMpukanusa ¢GparMeHTOB
JAHK pasinuanack 1o Ccnenu@uUUHOCTA UM BBIXOAY
npoxykra (Tabnunma 1) K npumepy, m3 natu ocobeit
(F193, F-191-1, F191-3, F191-4 u F191-5), coOpaHHBIX
B OJHOHI mpobe U OJIM3KUX MO MOPQOJIOTUHU, TOJIBKO
AnA Tpex ocobell ObUIM yCHEMHO aMILIMPUINPO-
BaHBl MOJIEKYJIApHBIE MapkKephl. B pesysbprare ObLIU
omnpeznesieHsl 10, 35 u 21 HyKJIEOTUOHBIX MOCJIEeAOBa-
TeJIbHOCTeN 1A pparmeHToB reHoB 12S, ITS1 u COI
cooTtBeTcTBeHHO (Tabsuna 1). BHyTpUreHOMHBIN OJIN-
Mopdusm A ITS1 Obu1 otMmedeH [t 10 ocoGeil. B
IeCTH HYKJIEOTUIHBIX TIOCIeJOBAaTEIbHOCTAX JBOIHEIE
MUKW HalfeHbl B OoAHOM camrte (266, BG15, BK21,
F116-1, F120 u F135-1), B Tpex HyKJI€OTUAHBIX IIOCTIe-
noBatesbHOCTAX (BG14, 369 u F130) — B AByX caiiTax,
a y OJIHOHM HYKJIEOTUIHOM mocJjiefoBaTebHOCTU (366)
— B ceMmu caiitax. Cpegu MyTaiuil B cailTax Cc JBOM-
HBIMU NMKaMu ObLI0 14 TpaH3UIUM U 3 TpaHCBEPCUM.
TTo3unuu caiitoB ITS1 ¢ ABOMHBIMU NMHMKaMHU COBIIa1aJiv
14 pa3Hbix o6pasuos (BG14/366, BG14/BK21 u F116-
1/266).

Tpu xopotkue ITS1 HykseOTUHBIE ITOCJIENOBA-
TesibHOCTU (F96, F116-2 1 F136-2) 661511 AeNOHNPOBaHbI
B GenBank, HO uCKII0UeHB U3 (QUIOTE€HETHYECKOTO
anaimuza. Habop paHHBIX Ui (UJIOreHeTHYecKoro
aHaamsa coctaBui 31 HyKJIeOTUAHYIO [TOCIeJOBaTeIb-
HOCTb C AJIMHOU oOIiero BelpaBHUBaHUA 461 m.H., 73
noJuMoppHEIMU caliTamMu U 69 napcuMoHU-UHOOP-
MaTUBHBIMU caliTaMu. Ha ¢uioreHetnueckoM ApeBe
nmo ITS1 (ML) HykJeoTHAHBIE MOCJIeAOBAaTEJIbHOCTHU
ocobeli, 6am3kux mno Mopdosoruu D. galbinus, D.
improcerus u D. versutus cbopMHpoBaIn TpHU KJiacTepa:
galbinus-rpymma, versutus-Tpynmna W improcerus-rpymnia
(Puc. 1). Kaxnplil kj1acTep coepXXUT HECKOJIbKO reHe-
TUYecKuX JIMHUN. B galbinus-rpyrmiie BBIABJIEHO YeThIpe
suaum (I-1V), B versutus-rpyte — Tpu Junuu (VI-VIID) u
B improcerus-rpymnme Takxe Tpu JuHuu (IX-XI). Hykie-
oTuaHasA mnocjenosaresbHOCTh F156-2 mpepcrassisgeT
OTHeJIbHYI0 JuHMI0 (V), KoTopas He BXOAUT HU B OOHY
U3 Tpex TrpyIil.

HyxyeoTuHble mnOCI€0OBATEJIbHOCTU Versutus-
rpynmbi, F156-2 (V), D. konstantini, D. sp. (VIG2)
U improcerus-rpynnsl  cGOPMUPOBAJN  OTAEJIbHBIN
6oJibmoil kiacrep. IlpencraBurenu galbinus-rpymmnsl
reHetTryecky o60CcOOJIEHHBI OT JaHHOIO KJlacTepa.

Ha6op panHbix mo ¢parmeHty COI c¢ gmuHOMN
obuero BelpaBHUBaHUA 693 M.H. U 57 NapCUMOHU-UH-
dopMaTUBHBIMU caliTaMM, BKJII0Yaa 22 HyKJIeOTUAHbIE
nocenoBaresbHocTu Diacyclops 3 o3epa Batikai, 11
HYKJIEOTUIHBIX IIOCJIeJOBaTeJbHOCTEN TpexX BUIOB
bicuspidatus-rpymnmsl u3 Ionsmm 1 Kopeu (D. bisetosus,
D. crassicaudis v D. bicuspidatus) u 4 HyYKJIEOTHHbBIE
nocyenosaresibHocTu D. sp. u3 Ascrpasiuu. Ha COI
dusioreHeTYeCKOM JpeBe HYyKJIEOTHHBIE IIOCJIENO-
BaTeJibHOCTU Diacyclops u3 o3epa Baiikan ¢opmupyoT
MOHOQUJIETUYHYI0 TpyNIy, KOTOpad TIeHeTUu4yecKu
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Puc.1. (a) Kapra-cxema or6opa npo6 (Tabsuma 1), user
KpYTOB COBIIaJlaeT C TAKOBBIM Ha (ujioreHeTH4eCKOM ApeBe.
(b) @unoreHeTHYeCKOe [pPEBO, MPOCTPOEHHOE HAa OCHOBE
ITS1 HyxyseoTunHbIx nociiefoBatesbHocTelt (ML, TN93 +
G). Yucrio B y3jie — 3HaUeHNe OYTCTPaN NOJIepXKU. PruMckue
nudpsl 0603HavyalT reHerudeckue JjuHUU. Kpyr psagom c
HYKJIEOTUJHOH IIOCJIe[JOBaTeJIbHOCTBI0 OTpaxkaeT MecTo
c6opa ocobu.

yaaJjieHa OT Apyrux npezcrasutesieii Diacyclops. Tomo-
JIOTUM [IpeB IO JIBYyM MOJIEKYJIApHBIM MapkepoM, COI
n ITS1, cornacyrorca. Ha COI apese Takxe OTAEJIbHO
IPYINUPYIOTCA [TOC/IeI0BaTeJIbHOCTU Versutus-, galbinus-
U improcerus-rpyni, Kaxxfas 13 KOTOPbIX IIpeJicTaBJIeHa
HECKOJIbBKUMU TeHeTu4eckuMu JuHuaMu (Puc. 2)

JBe reHeTwueckue JIMHUU  Versutus-group
(VI, VIII) npocroBepHo cectpuHcku F156-2 (V) u D.
konstantini 1 popMHUpPYIOT BMecTe OTHeJIbHBIN KJlacTep.
Hyxneotunnsle mnocieposarenbHoctu D. sp. (VIG),
nByx smHuUR galbinus-rpynner (I, II) u AByX JMHUI
improcerus-rpynnsl (IX, X) ¢opMupyloT Tpu Apyrux
OTJleJIbHBIX KJIacTepa.

Metoan pnenmumurtanuu BugoB ASAP u PTP
mpu aHanuse Habopa gaHHBIX COI 1A 6alikaiabCKUX
Diacyclops Beigenunu 10 «BuI0B». Pe3ybTathl B L{eJIOM
coryjacyloTca ¢ TomoJiorueii apeea mo COI, oxgHako
npencrasutenu I ananm BG15 u 84, MM1 paspgesieHbl
Ha JiBa «Buja». Metoansl geaumMuranuu bPTP u GMYK
naeHTUOUIMpOBaIu B 3TOM Xe Habope 11 «BUAOB»
YU ToKas3aju pasHble pe3yJbTaThl IpU pasjesieHuu
versutus-rpynnbsl. Meron bPTP Beimesmmn F156-1 (VI),
F156-3 (VI) u VIII renetnueckyio guauio (MM2, MM3,
BG14, F191-5, u BK21) kak Tpu OTHeJIbHBIX BHJA.
Metogq GMYK sBeigenun F156-1 (VI) u F156-3 (VI)
Kak OoAVH «BUM», HO nojpasfenn VIII reHernueckyro
JIVUHUIO Ha ABa «Buma»: MM2/MM3 u BG14, F191-5,
BK21.

B HaGop gaHHBIX 110 125 BOILIM 9 HYKJI€OTUAHBIX
nocJjiefjoBaTeJibHOCTel Oatikasibckux Diacyclops 1 9
HYKJIEOTUAHBIX TMOcJiefoBaTteabHoCcTell Diacyclops u3
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Puc.2. (a) Kapra-cxema ot6opa mpo6 (TaGmiuia 1), I[BET KPYroB COBMaZaeT C TAKOBHIM Ha ¢uioreHeTnyeckom apese. (b)
duioreHeTHYECKOe IpeBO, MpocTpoeHHoe Ha ocHoBe COI HykJIeoTHAHBIX nociiefoBaTtesbHocTed (ML, GTR + G). Yucsio B y3ie
— 3HaueHHe OyTCTpaN moAjaepxXku. PuMmckue nudpsl 0003HAYalT reHeTU4ecKkue JUHUU. [IpAMOYTOJBHUKU PAAOM C AEPEBOM
OTpaxaloT «BU/Ibl», UAeHTUUInpoBaHHble MeToAamMu ASAP, PTP, bPTP u GMYC. Kpyr psifioM ¢ HyKJIeOTUIHOI TOC/Ie[OBaTE -

HOCTBIO OTpaxkaeT MecTo cOopa 0co0u.

ABctpanuu, AnoHun u YkpauHbl. OOmee BBEpaBHU-
BaHue ¢parmeHra fasno 497 n.H., Bkiwodaa 186 nosiu-
MOpGHBIX O3UIMil 1 162 mapcuMoHU-MHGOPMAaTUBBIX
no3unuil. Ha 125, xak u Ha COI npese, Oaiikasibckue
Diacyclops GopMupyoT MOHOGUIETUYHYIO TPyHIy. OTa
rpylna BMecTe ¢ HyKJIeOTHOHBIMU IOCJieJoBaTesIbHO-
cTAMU bicuspidatus-rpynisl, BKodaommmu D. bisetosus
u3 fnonuu u D. bicuspidatus v3 YKpauHbI, BXOAUT B
oThesbHBIN Oosbmoit knacrep (Puc. 3). Tpu sHpe-
MUWYHBIX BHJa M3 ABCTpaJINH, OTHOCALIMECA K aticola-
rpymme, D. scaloni, D. sobeprolatus u D. humphreysi,
reHeTUYeCKH yJaJIeHBl OT 3Toro kjacrepa. TomnoJsioruu
JpeB IO TpeM MOJIeKyJIIpDHBIM MapKepaM corJacy-
I0TCA JUIA 3HAEMUYHBIX Oabikaimbckux Diacyclops. Ha
npese no 12S npexacraButenu I nuauu (BG15, MM1)
galbinus-rpynnbl  GOPMUPYIOT AUCTAaHTHBIM KJIacTep.
Hyxneotunnsle nocaenosaresibHoct D16 (X) u 369
(XI) improcerus-rpynmsl Takxe (pOpMUPYIOT KJiacTep,
KOTOpoMy HauboJsiee OJIN3KU HYKJIEOTHHBIE I10CJIeMI0-
BateabHOCTU D. sp. (VIG2).

3.3. NeHeTHuUecKHe AMCTAHLUUU

[lonHaAa JJyiHA NEpBOro TPaHCKPUOUPYyeMOro
creticepa (ITS1) BappupoBajsia B auamazoHe oT 300
no 338 nm.H. u 6puUTa crenudUUHA 1A KaXAOUM reHe-
THueckor JjmHMK (Tabauia 1), 3a HCKIIOYEeHHEM
improcerus-epynnst, Tae aauHa ITS1 y muaumit XI u X
OpUTa oAuHaKoOBOH - 314 m.H. MoAesb-CKOppPeKTHUPO-
BaHHBle reHeTuuyeckue aucrtaHiuu (TN93+G) mexay
ITS1 HyxkJIeOTUAHBIMU [TOCTIENOBATEJIbHOCTAMU JINHUI
6atikaysbckux Diacyclops ObLTH GJTM3KKU TaKOBBIM 3HAye-
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HUAM p-AucTaHuui u BapbupoBanu ot 0,7% no 20,1%
(ITlpunoxenue, Tabmuuma S1-S3). MaxkcumanbHas
reHeruyeckas JUCTAHIUA MeXAY HYKJIeOTHIHBIMU
[I0CJIeJOBaTeJIbHOCTAMY BHYTPU JIMHUH COCTaBUJIa
0,4%. 3HaueHus p-AUCTAHIUIN B Habope MJAaHHBIX IO
COI MexIy reHeTUYeCKUMU JIMHUAMHU OaliKasbCKUX
Diacyclops BapbupoBanu oT 9,1% mo 20,9%. Cameie
6oJIbIIINe TeHETUYeCKEe PACCTOAHUSA B IIpefieiaX JUHUN
cootBeTcTBOBANIM 5,6% 1A I u 2% mna 11 auawmi. Ilo
000MM MOJIEKYJIADHBIM MapKepaM MHUHUMAaJIbHbIE
reHeTuyeckue JUCTAHIUN MeXJy JUHUAMU MOKa3aHbI
ana versutus-rpynnbel. OHu coctasuinu 0,7-1,6% nuiA
ITS1 u 9,1% nnsa COI Habopos maHHbX. ['eHeTHUYeckue
nuctauiuy o ITS1 u COI cpeau uHui galbinus-rpymbl
COCTaBUJIM COOTBETCTBEHHO 3,5-4,0% u 17,7%. Cpenu
JIMHUM improcerus-rpyIisl 3TU 3HaUeHNs ObLIN CXOXU U
cocraBuu 3,3-7,2% u 16,1% coorBeTcTBeHHO 11 [TS1
u COI panHbIX. MakcuManbHbBle TeHeTU4ecKre paccro-
siuuA 1o ITS1 u COI 661K BBISABJIEHB MEXy JIMHUSAMU
galbinus-Tpynnbl ¥ improcerus-Tpymmbl M COCTaBUJIA
cooTBeTcTBeHHO 12,2-20,1% u 20,1-20,9%. I'eHeTHue-
CKHe p-AUCTAaHULM B Habope mol2S Mexny JMHUAMU
Garikanbekux Diacyclops BapsupoBasim ot 11,8% mo
23,1%. Haubosee OJM3KMe 3HAYEeHUS AUCTAHIIWHI
noJiyyensl Mexay X u XI nuHUAMU improcerus-rpyIibl.
Hawubosiee nuctanTHB MeXxy co60i JIMHUU U3 Pa3HBIX
rpyni: XI suHuA improcerus-rpynnel 1 VIII jguHuA
versutus-rpynnsl (20,9%), VIII jnuHUA versutus-rpymibl
u I nuausa galbinus-rpymme (20,5%), X u XI JuHUU
improcerus-rpynnsl u 1 nuausa galbinus-rpynmst (21,6%
and 21,7 %).
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Puc.3. dusoreHeruyeckoe peBo, nocrpoeHHoe Ha ocHoBe 12S mT/THK (ML, HKY + G). YucJio B y3ye — 3HaUeHHe 6yTCTpan

noaaepxku. PuMmckue nudpsl 0003Ha4a0T reHeTu4ecKue JIMHUNU.

3.4. PacnpocTpaHeHHe reHeTHYEeCKHX
AUHUH

[pencrasurenu galbinus-, improcerus-, U versutus-
rpyNm pacupocTpaHeHbl cummarpuyecku (Puc. 1a).
Oco6u D. konstantini, D. sp. (VIG2), VIII iuHuu versutus-
rpynnsl U XI JIMHWAY improcerus-rpymnibl ObIJI COOpaHbI
B paiioHe noc. Bosbiivie KoTel B pa3Hoe BpeMmsA. [lpen-
crasutesu D. sp. (VIG2), VIIL, I reHeTUYeCKUX JIUHUN
6b1711 cOOpaHbl B OAHON Mpobe B palioHe noc. bosbmoe
T'onmoyctHoe (Tabsmmra 1). Takke B OJHOUM MPOOBI MBI
HaxoWJu TpeactaBuTesiell versutus-rpynmbl (F156-1,
F156-3 - VI) u re”Heruuecky OJIM3KOU UM V JIMHUU
(F156-2); ocobeit galbinus-rpynmer (F112-7 - II) u
improcerus-rpynnsl (XI) unu npeacraButesieit galbinus-
rpynnsl (MM1 - I) u versutus-rpynnel (MM2, MM3 -
VIII).

B xaxpmoil rpynme Mbl OOHapyXuau Haubosee
MpeJICTaBJIeHHYI0 TeHeTUYecKyl JIMHUI0, 0co0u
KOTOPOM MBI HAaXOOWIN TMEePUOAUYECKH B Pa3HBIX
Toukax bBalikasma. TakoBeIMM ABJIAIOTCA [ JUHUA
galbinus-rpynmsr, XI nuHUA improcerus-rpynnsl u VIII
JIUHUSA Versutus-rpyIibl.

3.5. MopdomeTpHuecKu aHanu3

MeToq TJIaBHBIX KOMIIOHEHT TIPUMEHSAIA K
JOaHHBIM MOP(OMETPUYECKUX UHIAEKCOB, MOJTyUYeHHBIX
ana 37 ocobeni. M3 Hux 9 ocobell mpuHaAJIeXxaIn
galbinus-rpynme, 12 ocobeii - versutus-rpymnme, 8 ocobeii
- improcerus-tpyne, 3 ocobu - D. konstantini u 5 oco6ett
D. sp. (VIG2) (BG2, BG4, BG5, D10, D12). MoJeky-
JIipHBle JaHHBle ObUIM IOJIyYeHBl AJI OOJIBIIMHCTBA
3Tux ocobeil. [Io pe3yspbTaTam aHajM3a COOTBETCTBUM
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8 mopdomerpuueckux mapamerpos, Tmi/Tme, Td/Te,
Ti/Tmi, Ti/Tme, Ti/Td, LA1/Lcpht, Ltena u LseP5/
LspP5, BMecTe 00bACHAIT 5% BapuabeIbHOCTH I1epBOM
ocu (obmas BapuabeabHOCTbh - 25.6%) 1 OBLIN HCKITIO-
4YeHBl M3 HabOp AaHHBIX [JIA JajibHeNIero aHaansa
MeTojioM ryiaBHeIX kKomroHeHT (PCA). Bosiee Bapu-
abesibHbIEe MapaMeTpbl, Takue kak Lf/Wf, Te/Ti, Tl/
Wf, Lenp3P4/Wenp3P4, TAS/EAS, pacmojioxeHre Ha
kayaaabHbix BeTBsix Tl, IAS/Lenp3P4, IAS/Wenp3P4,
Ti/Lf, Tl/Te, Ti/Td, Ti/Te, LP5/WP5, LspP5/LP5 u
WP5/LspP5 Obuin BkitoueHHl B aHanu3 PCA. IlepBbie
nBe TrJjaBHBIX KoMmoHeHTH (PCl, PC2) OOGBACHSIOT
76,1% wn3MeHYMBOCTH MOpPPOMETPHUUYECKUX MapaMe-
TpoB. PC1 u PC2 oOwacHsawT 61,5% u 14,6% Bapu-
auuu. IlepBas rjiaBHass KOMIIOHEHTa HUMeeT CUJIbHYIO
MIOJIOKUTEJIBHYI0O KOPPEJIALUIO C IPONOopIHell OJINHEI U
MIMPUHKL KayaaiabHbIX BeTBel (Lf/Wf), MeHee cutbHYyIO
MIOJIOXKUTEJIBHYI0 KOppeJIALUI0O ¢ MPONOpLUel JINHBI
1 MIMPUHBL TpeThero SHAONOAWTA YeTBEPTOH Iaphl
m1aBaTesibHBIX HoOT (Lenp3P4/Wenp3P4), nponopuuei
JUIMHEL JIJaTepaIbHOM MEeTUHKU 1 MIUPUHBL KayJaJIbHBIX
BerBeii (Tl/Wf) U oTpUIIaTEIbHYI0 KOPPEIAIUI0 C
IpoIopIyell JINH BHeLIHell U BHYTpPeHHel KpaWHUX
anukKaJibHBIX meTuHoK (Te/Ti), a Takxke ¢ mponopuuen
JUIH BHyTPEeHHero aliKaJbHOTr'0 IINIa TPeThero SH/I0-
moguta P4 u jumHb 3Toro wienuka (IAS/Lenp3P4).
Bropas ryjiaBHasg KOMIIOHEHTa HMeEeT CHJIbHYIO I0JIO-
XKUTEJIbHYI0 KOppeJALMI0 C IPONopHued AJINHEL
BHYTpPEHHero anuKaJbHOI'O IIHIA TpeThero 3SHJOIO-
nuta P4 u mupuHs gaHHoro wienuka (IAS/Wenp3P4)
1 C [pomoplyieil JJIMHBL U HIMPUHBI TPeThero 3HIO-
noguta P4 (Lenp3P4/Wenp3P4), MeHee CHJIBHYIO
[IOJIOXKUTEJIBHYI0 KOPPEeJIAIMI0 C OTHOIIeHHeM [JIMHBI
U MUPUHBI qucTajibHoro uwieHuka P5 (LP5/WP5) u
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OTPUILIATEJIPHYI0 KOPPEJANUI0 C OTHOIIEHUEM IIJTIHBI
anyKabHOrO I1na P5 1 IJIMHBI JUCTAJIBHOTO YIeHUKA
P5 (LspP5/LP5) (Puc. 4). PesynbraTtel PCA u MoJieKky-
JIAPHOU (UIOTEHNU COTJIACYIOTCS B pa3/iesleHuU reHe-
TUYECKU OTJAJIEHHBIX BUJIOBBIX KOMILTekcoB Diacyclops.
Bhoss ocu TepBOM TJIaBHOW KOMITIOHEHTHI PacIoJio-
xeHsl D. konstantini v ipeICTaBUTEIN Versutus-TPyIIIbL,
TOrja Kak mpeacrasutesu galbinus- v improcerus-rpymii,
¢ D. sp. (VIG2) pacriosioxeHsI rJIaBHBIM 06pa3oM BJI0JTb
BTOPOM TJIaBHOM KoMIOHeHTH. Ocobu D. sp. (VIG2)
Haubosiee OJIU3KU K Improcerus- U versutus-rpynmnam.
Oco6u F130 (IX) improcerus-rpynmnst u F156-2 (V) nepe-
KpBIBaIOTCA ¢ ocobsamMu versutus-rpymnibl. Ocobs F116-1
(I) galbinus-rpynnel Haubosiee G6iuska D. konstantini,
yeM K galbinus-epynne. MeTop rJIaBHBIX KOMIIOHEHT He
TO3BOJIAET SICHO Pa3/IeJIUTh BCe OJIM3KOPOCTBEHHBIE
reHeruyeckue jJuHUM. OmHako, ocobu F156-3 (VI) u
F156-1 (VI) oT/in4aioTcs OT APYTUX NPeNCTaBUTETIEN
versutus-rpyImbsl HauMeHbBIIIeH TTPONOpUUeN JJIMHBI U
IIMPUHBI KayIaJIbHBIX BETBEH M 3aHUMAIOT KpaiiHee
noJjioxeHue BaoJjb PC1.

3.6. Mopdonornueckoe pazHoobpasue
versutus- n improcerus-rpynn

Ha puc. 5-7 npuseneHsl MukpodoTtorpaduu u
pucyHku P4 1 anTeHHB 0cob6ell versutus- U improcerus-
rpyni. Bce mnpoaHanu3upoBaHHBIE o0OcCOOU  versutus-
TPy UMEIOT BOOPYXeHHe TpeThero sHgopoaura P4,
cocTosmmee U3 Tpex WIUMNOB M ABYX IeTWHOK. Ocobu
MM3 u BG14 renetuvecku 0JM3KU OPYT APYTY U OTHO-
caresa K VIII reHetnveckoii jimHuK. OHU OBLIIM WJIeH-
TUQUITMPOBaHBI KaK OAUH «BU» MeToqoM ASAP u kak
nBa «Buga» Merogom GMYC. AHayin3 MUKPOIIPU3HAKOB
1mokKasaJi, YTO 3TU 0CO0U OTJIMUYAITCA B OpHAMeHTAaI[Uun

F135-1

1.5 1AS/\yEp3P4S

JF136-1
versutus-rpynna mus
oF156-3 oF120

JF193 JMM2 g

F191-4

M LIenngA/Wenﬁggna o2

oF116-2

KayJaJbHOU CTOPOHBI COeQUHUTEJBHON IJIaCTUHKU
P4 (Puc. 5). ¥ ocobeii BG14 u F193 (VIII) manHas
IU1acTMHKA 6e3 OpHaMeHTaIuu, B TO BpeMs, kak y MM3
Ha Hell UMeI0TCA [IBa Psfla KOPOTKUX IIUIOB 1O LIEHTPY
U BO3JIe IMCTaIbHOrO Kpas. Y ocobu F156-3 (VI) coenu-
HUTeJIbHAA IUIacTMHKA P4 ¢ KayJajibHONM CTOPOHHI C
ABYMs psAaMU KOPOTKUX U JJIMHHBIX TOHKUX IIUIIOB 110
I[EHTPY U BO3Jie qucTajibHOro kpas. Cpeau MM3 (VIID),
F193 (VIII) u F156-3 (VI), nocJieiHsAsA 0COOb OTJIMYAETCA
caMbIM OOJIBIIMM YMCJIOM IIEeTUHOK U IIUTIOB Ha KOKCO-
nogute P4. Ocob6p F156-3 (VI) Takxe oT/JnyaeTrcs OT
F193 (VIII) 4rcJioM METUHOK Ha BTOPOM JHJIOMOUTE
AHTEHHBI, KOTOPHIN HeceT 9 MIeTUHOK B OTJINYMe OT 8
TOMOJIOTUYHBIX MeTHHOK y F193. Basunogut A2 ocobu
F156-3 (VI) HeceT fBa AWAroHaJIbHBIX Psia IIUIOB B
[[EHTPaJIbHON U IPOKCUMAIBHON 4acTAX PPOHTAIbHON
MIOBEPXHOCTU, AUArOHaJIbHBIN pAJA IIMIIOB B IIPOKCHU-
MaJIbHI YaCTU U PAL CaMBbIX JJIMHHBIX IIUIOB B CpeJHEN
YacTU KayJaJIbHOU MOBEPXHOCTH, ABa pANa AJIMHHBIX
IIUIOB BAOJIb OOKOBBIX IIOBEPXHOCTEN U BOOPYXeH
AByMs KOPOTKHMMU IIeTUHKaMU, OOHA U3 KOTOPHBIX
UMeeT CEeTyJIbl M 3K30MOAaJIbHOM MIeTUHKOU C CeTy-
jamu. Basunoaut F193 (VIII) opHaMeHTHPOBaH TpeMs
pAdaMM MIUNOB Ha OPOKCHUMAaJIbHON U I[eHTPaJIbHOMN
yacTAX KaydaJbHON IOBEPXHOCTU W ABYMA pAAaMU
TOHKUX IIWUIOB BAOJIb 00enx OOKOBHIX ITOBEPXHOCTEH
1 apMUpOBaH ABYMA KOPOTKUMM IIeTHUHKaMH, OOHA
13 KOTOPBIX HECEeT CEeTyJIbl, ¥ TOJIOU 3K30I0AaJIbHON
mnjetTuHkou (Puc. 6)

Oco6u D. konstantini 1 F156-2 (V) reHeTnyecku
OJIN3KU U OTJIMYAIOTCA OT Versutus-rpymmnsl B BOOPY-
xxeHnu Enp3P4. OHu nMeoT [Ba WA U TP e TUHKU.
Y ocobu F156-2 (V) coemguHuTeJbHAsA ILJIACTHMHKA
P4 Hecer gBa pAma AJMHHBIX mUNoB. basumogutr A2
ocobu F156-2 (V) opHamMeHTHpPOBaH [BYMs psAAaMu
IIWIIOB U TPYIION MeJIKUX WIIUMNWKOB Ha KayAdaJbHOHI

JF136:2

galbinus-rpynna

JF116-1

oF156-10BG14 pi56.28
£2

R .- 130 —

IAS/E,
Tl positidn
BK21

Component 2

JF191-3

-0 JF107

improgerus-rpynna
2366

0397
D. konstantini

Component 1

Puic.4. Pe3ybTaThl aHAJIN3a IJIaBHBIX KOMIIOHEHT, IPUMEHEHHOT0 K GalikaibckuM Diacyclops Ha ocHOBe MopdoMeTpuyie-
CKUX MHJIeKCOB. Yncyio o3HauaeT HoMep ocoOu. 3esieHble CTPeJIKM NOKa3bIBaloT MHAEKCH U UX BKJIaJ B IepBble JBe IJIaBHbIE
KOMIIOHEHTHI. IlBeTa oBajIoB COOTBETCTBYIOT LIBeTaM I'PyIIl, OTMeUYeHHbIX Ha GuoreHeTH4eCcKUX JepeBbsiX.

40
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MOBEPXHOCTH, IBYMsA PAJAaMM TOHKUX IIUIIOB Ha ITPOK-
CAMaJIbHOM 4YacTh (PPOHTAJIPHONM IOBEPXHOCTU U
TOHKUMU IIUMAMU BAOJb 00enx GOKOBBIX ITOBEPXHO-
CTeH 1 BOOPYXXEH ABYMsI TOJIBIMU IETUHKAMU W 3K30-
MO/IaJIFHOM IETUHKOM ¢ ceTysiamu (Puc. 5, 6). Bropoit
SH/IONOIUT aHTEHHBI HECET CEMb IIETUHOK.

Ocobu D16 (X), F130 (IX) u 366 (XI) npuHan-
Jiexar TpeM reHeTHYeCKUM JIMHUAM improcerus-TpymiiblL.
D. sp (VIG2) reHeTuvecku 06,1130k K HUM. Ocobu D. sp
(VIG2) u XI iuauy improcerus-rpymnnsl HecyT Ha Enp3P4
Ba WA U Tpu meTuHku. Y ocobeit D16 (X) u F130
(IX) aTOT WieHWK BOOPYXeEH TPeMs IIUMAMU U JBYMS
metuHkamu. D. sp (VIG2) oTyim4aeTcs OT NpeAcTaBU-
TeJjiell improcerus-TPyIIl anuKaJbHBIM IOJIOXKeHHeM
BHyTpeHHel meTuHku Ha Enp3P4, psagom c IAS (Puc.
7). Y ocobeii F130 (XI) u D. sp (VIG2) coequHUTETEHAA
IUTaCTUHKAa P4 opHaMeHTUPOBaH JIBYMs PsAaMU IIUTIOB
B CcpedHeN YacTH U BJOJIb AUCTAJIBHOU MOBEPXHOCTHU.
Y ocobu 366 (XI) Takke MMeEIOTCS JIBa psAfa IINIOB
Ha COeJIUHUTEJIbHOHM IUlacThHKe P4, oaHaKo OHU
MpepHIBAOTCA B CpefHeN YacTu IUIacTUHKU. Ocobb

D. konstantini

396

— F156-3, MM3, F193

— BG14, F156-2, 396

D16 (X) uMmeeT COeQWHUTENBHYI0 IJIACTUHKY P4 c
JBYMs TpynnaMyd HEMHOTOYHMCJIEHHBIX IIUIOB. Basu-
momutel aHTeHHBI D. sp (VIG2) u 366 (XI) B mesom
CXOXHW ¥ OPHAMEHTHPOBAHBI ABYMsI PANAMU IIMIIOB HA
KayJJaJIbHOU MOBEPXHOCTU M PSAOM IETHHOK B ITPOK-
CUMaJIbHOU YacTu OOKOBOI MOBEPXHOCTHU, OOHAKO y D.
sp (VIG2) nmeetcs 60JibIlle ITUIIOB B KAXI0M pAAy (8 u
9), yeM y ocobu 366 (XI) (Puc. 6).

4. 06cyxpenue

4.1. Tpu BUAOBBIX KOMMNAEKCa, 6AU3KUX No
mopdonorum K D. improcerus, D. galbinus n
D. versutus

Xotsa Mbl obHapyxuau obpasisl Diacyclops co
CXOAHOU Mop@doJiorrel ¢ TpeMs MHTepeCcyIMI Hac
SHAeMHUYHBIMHU BuAamu D. improcerus, D. versutus u
cybosnmemuuHbiM D. galbinus, HaM He ynmasoch ujeH-
TUGULUPOBATh UX TAaKCOHOMUYECKU OO YPOBHSA BUAA.
dutoreHeTnyeckuil aHanu3 Diacyclops, ocHOBaHHBII
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v
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Puc.5. KJICM mukpodotorpaduu (396, BG14) u pucyHku KaygaibHo noBepxHocTu P4, versutus-rpymmet (VI, VIII), V rexe-
tuyeckoi iunun (F156-2) u D. konstantini (396). ApaGckre ynciia 03Ha4alT HOMeEP 0co0H, pUMCKHE YKCJia — HOMEDP reHeTHhYe-
ckoii uHun. BG14 — P4, coequHuTHeIbHASA IJIACTUHKA C KayAasibHOU cTopoHsl. [lkasna: BG14, F156-2 = 20 um; F156-3, MM3,

F193, 396 = 10 pm.
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Ha AByXx MTJAHK ¥ ogHOM ALepHOM MOJIEKYJISIPHBIX
MapKepax, BHISIBIJI TPU KJlacTepa B COOTBETCTBUU
C pasgesieHHMeM ocoOell Ha Tpu Trpynnel no Mopdo-
JIOTMYECKUM TMpH3HaKaMm: improcerus-, galbinus- u
versutus-rpynnel. Kaxgas u3 HUX BKJIIOYaeT B cebs
HECKOJIbKO T€HETUYEeCKUX JMHUM. Mbl mpefrnoiaraem,
yTo improcerus-, galbinus- u versutus-rpynmsl sBJis-
I0TCS  OJIU3KOPOACTBEHHBIMU KOMILJIEKCAMM  BUJIOB.
CyIecTBOBaHME 3TUX KOMILJIEKCOB, BEPOATHO, OOBsC-
HseT 3HAYMTEJIbHbIE BapuUalUyd JUATHOCTHUYECKUX
MPU3HAKOB, KOTOPbie MPUBOJATCA B omucaHuud D.
improcerus, D. versutus u D. galbinus.

TeHeTHYecKre paCCTOSHUA MEXIY PasHBIMU
suHUAMU galbinus- v improcerus-rpynn COOTBETCTBYIOT
M3BECTHBIM MEXBUIOBBIM AHAJIOTUYHBIMU 3HAYEHUAM
JUIS 3TUX MOJIEKYJIIPHBIX MapkepoB cpeau Copepoda
B 1esioM u Cyclopoida B wactHocTu (Zagoskin et al.,
2014; Kochanova et al., 2021; Karanovic and Blaha,
2019; Sukhikh et al., 2020). CambiMy OJIU3KUMU ABJISA-

VI

- 193, F156-2, F156-3

366, VIG2

I0TCA reHeTUYeCKUe JIJMHUU Versutus-rpynmnsl. Ha nepBoiit
B3ry1An BbigesieHrie F120 (VII) B kauecTBe OTHAEJIbHOM
ot VIII nuHWK, BEI3BIBAET COMHEHUA, HO MBI €€ BBIfe-
JIWJIM TIOKa C HESACHBIM TaKCOHOMMHYECKUM CTaTyCOM
OIMpasACh Takxke Ha orauvawmyocsa or VI jguaumn
obmyo anmuay ITS1 (330 / 333 n.H.). Ob6mas gjmHa
ITS1 wmoxeT OBITH BUAOCHEIIUUUYHBIM ITPU3HAKOM,
Kak rmokasaHo aJis pona Culicoides (Diptera) (Li et al.,
2003). TosbKO B Versutus-rpymie pa3Hble METObI JIeJIH-
MUTAaIMU JaJIu He corJjlacoBaHHBIe pe3yJsbTaTel. GMYK
Meton pasgenns VIII reHeTuuyeckyro JIMHUIO Ha ABa
BHJa Ha ocHoBe AaHHbIX o COIL Ha apese mo sTtomy
dparMeHTy  HYKJIE€OTHJHBIE  IOCJIEOBaTEJIbHOCTU
BG14, F191-5, BK21 reHetuuyeckui 000COOJIEHHBI OT
MM2, MM3 u B TO Xe BpeMsa Ha ITS1 gpeBe maHHOI
kJiacTepu3anuu HeT. C OJHOI CTOPOHBI, U3BECTHO, UYTO
MeTon, GMYK MoxeT mpeyBeMuMBaTh YKUCJIO «BUJOB»
(Pentinsaari et al., 2017; Luo et al., 2018). C gpyroit
CTOPOHBI, MBI OTMeuYaeM pa3HbIll XapaKTep OpHaMeH-

VIII

Puc.6. KJICM muxkpodororpadum © puCyHKU KayJaJbHON CTOPOHBI aHTEHHHI improcerus-rpynnsl (366, VIG2), V reneru-
yeckoit siuHuu (F156-2) u versutus-rpymnnsl (F193, F156-2, F156-3). Apabckue 4rcjia 03Ha4YalT HOMep ocobu, pHMCKUe Ynciia
— HOMep reHerudeckol JiuHUU. [ITunsl Ha GPOHTAIBHON MOBEPXHOCTHU NOKa3aHB! MyHKTHUpHOM JsinHuel. [lkana: F193, F156-2,

F156-3 = 10 pm; 366, VIG2 = 20 um.
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Taluu COeAUHUTEJIbHON I1acTuHKU P4 y MM3 u BG14,
YTO BMECTE C OpPHaMeHTaluel 6a3unoguTa aHTEHHBI
SIBJIIETCST TAKCOHOMMYECKM BaXXHBIMU TPU3HAKaMUu y
[UKJIOTIOB U MPUBOIATCA npu ux onucanum (Karanovic
et al., 2013; Holynska et al., 2021). Jlunusa VI (F156-1,
F156-3) versutus-rpynmsl, 10 HalleMy MHEHUI, MOXET
paccMaTpuBaThCs, KaK OTIEJIbHBIN BU/, TAK KaK NUMeeT
OTJINYHBIA XapaKTep MUKPOIPU3HAKOB 0a3uIouTa
AHTEHHBI U COEJIUHUTEITbHOU IJTaCTUHKYU P4, 1 10 060UM
MOJIEKYJIIPHBIM MapKepaM (GOPMHUPYET OTIeJIbHBIA
kiacrep. Kpome Toro, ocobu F156-1, F156-3 otrinua-
I0TCA OT BCeX APYTrUX 0coOel B versutus-rpynre cambIM
MaJIeHbKVM 3HAYeHUEeM MPOIOPIUY JJTMHBI U IIUPUHBI
kaynanbHbix BeTBel (Lf/Wf). XoTs 2TOT mpu3Hak, Kak
OTMEeYaloT AJiA OalKaJIbCKUX IMKJIONOB, BAPbUPYET Ha
BHYTPUBHIOBOM YPOBHE U MOXET OBITh HE TaK TaKCO-
HOMUYECKN BaXeH, KaK B JPYTUX POjiaX IUKJIOIMOB,
takux Kak Eucyclops x mpumepy (Rylov, 1948; Maze-
moBa, 1978; Flossner, 1984). Tem He MeHee IO Pe3yJib-
tataM PCA ananuza ungekc Lf/Wf mosBosiseT pasrpa-
HUYUTh TEeHeTUYeCKU cecTpuHckue D. konstantini u
versutus-rpymiy. Takke MOXHO MCIOJIb30BaTh B HIEH-
Tudukanum ocobeit VI JuHUU Takoll KayeCTBEHHBIN
MpU3HaK, KaK YUCJIO METUHOK Ha BTOPOM JHJIOMOAUTE

W e

AN

AHTEHHBI, I10 KOTOPOMY OH oTyin4aercs oT VIII mnaum.

Ms1 npefnosiaraeM, 4to ocobs F156-2 (V) Takxke
MPUHAJIEXUT K OTIEJIbHOMY HOBOMY BUAY, Haubosee
O6s113KOMYy Versutus-rpynme. X0oTb no pe3dyjabrataM PCA
Ha OCHOBe MOPGOMETPUYECKUX WHJIEKCOB 3TOT MOTEH-
I[aJIbHO HOBBIH BUJ] HE OT/IEJIAETCSA OT Versutus-rpyTIIbl,
TeM He MeHee OH MMeeT KaueCTBEHHBIE OTJINYUS OT ee
MpeJicCTaBUTEJIENl B apMaType TPEThEero SHAONOAUTA U
BTOPOT'O DH/IONOUTA aHTEHHBI, OpPHAMEHTAIIUU KOKCO-
noxurta P4 u 6a3unoauTa aHTEHHBI. Bce TpU MCIOJIb30-
BaHHBIX METO/Ia JeJIMMUTAINHU BU/IOB, TAKXKE BBIIEJIAIOT
F156-2 B oThenbHBIN BUM, U ero nojHas jajauHa ITS1
(328 n.H.) oT/IMYaeTCs OT TAKOBBIX B Versutus-rpyiire.

[Ipeanosiaraemeie TpU BUAA IMpProcerus-rpymmnsl
U reHeTHYecku cectpuHckoro ev D. sp. (VIG2) mepe-
KpBIBalOTCA 1o pesysibrataM PCA, HO fACHO OTjM4Ya-
I0TCA 10 OOOMM MOJIEKYJIADHBIM MapkKepaM, corJia-
COBaHO pasrpaHUYMBAIOTCA BCEMHU MCIOJIb3yEMBIMU
METO/IaMU JIeJTUMUTAIUN BUJIOB U UMEIT OTJINYHUS B
OopHaMeHTanuu Kokcomoguta P4. OHUM Takxke UMEKT
KavecTBeHHBIE OTJIMYHUA B apMaType P4, uto 114 60J1b-
IIMHCTBA KOIENOo/ ] MPUBOAUTCS KaK JUarHOCTUYECKUHN
IpU3HAK Jaxe pa3nvHbX poAos (Boxshall and Halsey,
2004).

Xl
366

== D16, 366, aVIG2

b VIG2, D16

Puc.7. KJICM mukpodotorpabuu (a VIG2, b VIG2, 366) u pucCyHKH KayAaJbHOM CTOPOHBI P4 improcerus-rpynnsl u D. sp
(VIG2). ApabGckue yncyia 03HA4alT HOMEp 0co0H, PUMCKHE YHCJIa — HOMEpP reHeThdyeckoil imHuu. b VIG2 — P4, xokcomomur,
coeIMHUTEJIbHAA IUIACTUHKA C KayJaJibHOH cTopoHsl. Illkana: F130 = 10 um; a VIG2, b VIG2, D16, 366 = 50 pm.
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KapaHoBuu Hamesn CXOACTBO B KOPOTKOH
MpONOPIMU Kay[abHbIX BeTBeN y SHAEMUYHOro D.
ishidai Karanovic, Grygier & Lee, 2013, oGuTaromero
B MHTEPCTULMAIN PAJOM C IpeBHUM o3epoM BbuBa u
baiikaabckuMmu Bugamu D. improcerus, D. versutus. B To
’)ke BpeMs OH OTMeTUJI PAM KOJINYeCTBEHHBIX OTJINYUI
aToro Bupa ot D. improcerus, D. versutus paxe Ha
OCHOBe JJOCTYIIHOTO OTPaHNYEHHOr0 Habopa U3BECTHBIX
MOpGOJIOTNYeCKuX XapaKTepucTuk mjisa D. improcerus,
D. versutus. Mbl MOXeM AONOJHUTH 3TU OTJINYMA Kaye-
CTBEHHBIMU Npu3Hakamu. Tosbko XI uHMA improcerus-
TpYNIB UMeeT CXOXee BOOPYXeHNe TpeThero SHAOMO-
outa P4 (3 meTuHKU W 2 MIKMIA), OCTaJIbHbIE JIMHUN
3TOU Ipynnsl U versutus-rpynnsl (VI-IX) oTyinyanTes no
JaHHOMY Ipu3HaKy (2 metuHku u 3 mumna). Bee omnpe-
JeJIeHHble TeHeTU4YecKue JINHUY, improcerus- 1 versutus-
Trpynnsl UMET 5K30MOAaJIbHYI0 IIEeTHHKY Ha 0as3uro-
UTe aHTeHHBI, Toraa Kak y D. ishidae oHa OCTyTCTBYyeT.

Bospiniasg yacth ocobOell U3 improcerus-rpymibl,
npuHaaiexamue XI reHeTU4ecKoy JIMHUH, U 4acThb
ocobeii galbinus-rpynmsl, npuHagjexamue | reHeTve-
CKOM JIMHNU, OTJIMYAJINCh OT onucaHuil D. improcerus u
D. galbinus ToJIbKO MeHbIIIEl TPOTOPIIKEH 1{edhaaoTopo-
Kaca M OCTaJIbHBIX TOpaKaJIbHBIX CETMEHTOB UK OoJiee
JAJMHOUN aHTeHHYJIOH. Tak Kak 3TU NMPU3HAKUA COCTOAT
U3 TeJIeCKONMYEeCKNX CEerMeHTOB, BO3MOXHO, pa3Has
dukcanua u xpaHeHHe ocobell MOTJIM NOBJIUATH Ha
TOYHOCTh X U3MEpEHUs, UYTO TaKXe OTMevaeTcsA OJis
Cyclopoida (Huys and Boxshall, 1991; Karanovic and
Krajicek, 2012). Kpome TOro, Mbl BBIYHMCJISLTM COOT-
HOIlleHUe AJIUHH Ije¢pajioTopakca K CymMMme AJIUH 2-5
CerMeHTOB TOpakca, HO He yBepeHHH, uTo I'.d. Masze-
noBa u3Mepsjia TakXe, BO3MOXHO, OHa HCIOJIb30-
BaJla TOJIBKO IJIMHBI 2-4 cerMeHTOB. TakuM oOpa3om,
BO3MOXHO UMeHHO XI u I reHeTU4YeCcKol JIMHUU Ipe]-
craBysoT D. improcerus u D. galbinus. IlosydyeHHBIE
reHeruyeckre u Mopdosiornyeckue JaHHBIE MOTYT
CTaTh OCHOBOH [JIi WHTErpaTHUBHOIO IepeolrcaHusA
3TUX BUJOB B OyAymeM. 3TO 0COO€HHO BaXHO B yCJIO-
BHAX OTCYTCTBUsA TUIIOBOI'0 MaTepuaJl Aj1A SHAEMUYHBIX
nukonos D. improcerus, D. versutus u D. galbinus u3
o3epa Batika.

Meron TJIaBHBIX KOMIIOHEHT C WCIOJIb30Ba-
HUeM MopdoMeTpruiYecKux HWHAEKCOB, OCHOBAHHBIX
Ha JIMHENHBIX U3MEepeHUsAX, OrpaHUYeH B pas3AesieHuu
6JIM3KUX BUJOB B IIpefieslaXx KOMIIJIEKCOB, XOTA AaHHBIE
WHJEKChl IIMPOKO WCIHOJBb3YIOTCA B TaKCOHOMHUU
LUKJIOIOB M YKa3blBalOTCA IPU ONMCAHUU BUJOB.
Bo3moxxHO, Oosiee pAeTanbHBINL MOpPGOMETpPHUYECKU
aHaiu3 MO3BOJUT OoJibllle pasrpaHUu4MTh OJM3KHe
BHU/Bl B KaX/JOM M3 TpeX HalJeHHBIX KOMILJIEKCOB, KaK
OBLJIO MTOKAa3aHO MpU pasfesieHnu OJIM3KUX 1o Mopdo-
Joruu BUAOB u3 poga Acanthocyclops, cUMTaBIIUXCS
kpuntudeckumu, (Karanovic and Blaha, 2019) wiu
MOMyJIALMNA TapnakTUKOWABl Bryocamptus pygmaeus
(G.O. Sars, 1863) (Novikov and Fefilova, 2021). Kpome
TOr'0, MBI YBEpEHHBI, YTO NPU AeTaJIbHOM MOPQOJIOrH-
YyeCcKOM aHajm3e OyayT Hali[leHbl HOBble KaueCTBeHHBIE
MpU3HaKy, KOTOpele OyAyT oTjnM4yaTh OJIM3KHE BUJBL.
Ms! oOpatuiu BHUMaHHe Ha 0a3uIOOUT aHTEHHBI U
KayJaJabHyl0 CTOpoHY P4 u Hanum otinuuA y ocobeit
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U3 pa3HbIX TeHeTHMYeCKuX JIMHUM. OCTaloTcsA elje He
MPOaHAJIM3UPOBAHHBIMU OOJIBIIIOE YKUCTIO HHGOPMAa-
TUBHBIX XapaKTEPUCTUK Ha medasioTopakce, IjiaBa-
TEJIBHBIX HOTaX, KayJaJIbHbIX BETBSX, KAK CAMOK, TaK
U CaMIIOB.

TakuMm o06pa3om, HamKM pe3ybTAThl TOKa3bI-
BalOT, 4TO [JeHCTBUTEJIbHOe pa3HooOpa3ue >SHe-
MUYHOH (dayHBl IMKJIONOB B o3epe balikan Belle,
yeM IpeAnojiarajioch paHee. Mcnojib3oBaHNEe MOJIEKY-
JIIPHBIX METOOB IMO3BOJIMJIO PACIIUPUTH MOHUMAHUE
O BUJOBOM Pa3HOOOPA3uM TAKUX PAKOOOPA3HBIX, KaK
aM@UITO b, OCTPAKOABI Y TAPIIAKTUKOUBI, OOUTAIOIINX
B o3epe Balika, 3a cueT oOHapyXeHHs KpUNTHYECKUX
BunoB (Schon et al., 2017; Viinold and Kamaltynov,
1999). B HameM uccjieJOBaHUY MBI OOHAPYKUJIN BHJIbI
I[UKJIOMIOB, KOTOPBIE UMEIT reHeTudeckre u Mop¢oJio-
rAYecKre OTJINYUA M MOTYT OBITh UAEHTUDUIPOBAHbI
o mocJieAHUM. JlaHHas TPYyIa HyXIaeTcs B UHTerpa-
TUBHOM TIATEJILHOM IePEOTCAaHNH, HAPSAAY C OIUCa-
HHEM HOBBIX BHJIOB.

[TpencraBuTeN pa3HBIX TeHETUYECKUX JIMHUN
BCEX TPEX I'PYIII BCTPEYAIOTCA B OAHUX MPOOAX ¥ OTHO-
cATCA K cUMIaTpuueckuM BuaaM. Hawnbosee 6sm3-
KUMU T€HETUYECKHU U BCTPEYAIOIIUECS CUMIAaTPUIECKU
ABJIATCA cectpuHckue V u VI iuauu. I'.®. Masenosa
Takxke obOHapyxuBaja B ofgHoi mpobe D. galbinus, D.
improcerus u D. versutus ¥ oTMeuajila UX CUMIIaTpUye-
CKOe pacrpocTpaHeHre. B kaxoi rpymnme Mbl OTMe-
TUJIA 110 OJJHOI HaunboJiee 4aCcTo BCTpeyvarolelica reHe-
TUYECKON JIMHUHU, 0COOM KOTOPHIX MBI TEPUOIUYECKU
HaXOJIWJIU B PAa3HBIX MecTaX. UHTepecHO TO, YTO 0co6u
3TUX HauboJsiee nmpeacTaBieHHbIX JJuHUH (I 1 XI) 6ostee
npyrux 6ymsku mo mopdosoruu Kk D. galbinus u D.
improcerus, KaKk oTMedaJjioch Bbile. OcTajibHble TeHe-
TUYECKUE JIMHUU SABJIAIOTCA PEAKUMU U TPEeJICTaBJIEHbI
OJHOMI ByMsA oco6sMM B HalleM aHajuse. Bo3MoXHO,
obumre Tpex JIMHUM B JaHHOM MCCJIeJIOBaHNUU CBA3aHO
¢ Ux obuTaHueM Ha HeOOJIbIINX IJIyOMHaX HauuHasA OT
ype3a BOJBbI, OTKy/Jla ¥ Hac O6bL1a 60JIbinas 4acTh mpoo.
Torga xak ocobu peaKux JIMHUM cOOpaHHbI ¢ TJIyOMH OT
10 mo 30 m.

4.2. ®unorenun Diacyclops u3 osepa
BaMkan

Hecmortps Ha To, uto pof Diacyclops 6oraT mo
BU/IOBOMY COCTaBy W Ha JAaHHBII MOMEHT COJAEpPXHUT
6oJtee 100 BuOB, TEM He MeHee reHeTUYeCKHe JaHHbIe
JUI 3TOTO poja OCTalTCA KpaliHe OrpaHUYeHHBIMU.
Mbl BKIIOUMJIM B aHaJIU3 HYKJIEOTHJHBIE IOCJieoBa-
TeJILHOCTU He Oatikasbckux Diacyclops, u corjiacHO
obouM MOJIeKyJIApHBIM MapkepaMm 0OailikajbcKue
Diacyclops $opMupyoT MOHOPUIIETUYHYIO TPYIITY.
[pegsigymue umcciaenoBanus Gabikanbckux Diacyclops
C MCHOJIb30BaHMEM KOHcepBaTHBHOro ¢parmenra 18S
pPHK Takxe noxasbiBajii MOHOMUIETUYHOCTb 3HE-
MUYHBIX BUI0B Diacyclops u3 o3epa Baiikan (Matiop u
ap., 2010). C ogHOM CTOPOHBI, 3TO MOXET CBU/IETETb-
CcTBOBaTh 00 06mielt mpeAKoBOI GopMe [jiA BCeX mpoa-
HaJIM3UPOBaHHBIX Oatikanbckux Diacyclops, xotopas
JUBEPTrUpoBasa 1 Aajia Hauyaao BUJOBBIM KOMILJIEKCaM,
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Habr0gaeMbIM cefiyac. JlaHHBIN ClfeHapHUi BO3MOXEH B
CBA3U € YHUKAJIBHOCTHI0 balikasia, KOTOPBIH MUJUIMOHBL
JjeT octaBajicai pudyruymMoM H LEeHTPOM BHJ00Opa-
30BaHUA [JIA MHOTUX TPYIII XHUBOTHEIX, B TOM 4YHCJIe
pakooOpa3HbIX: aMUIOA, OCTpaKod U TapHaKTULN[
(TumomkuH, 2001; Schon et al.,, 2017; Moskalenko
et al., 2020). A c Opyroii CTOpOHH B HamieM HaGope
JaHHBIX TMPUCYTCTBYIOT BuUnbl Diacyclops 13 pasHBIX
Mop(doJIOTHYecKUX TIpynil (BHUIOBBIX KOMILJIEKCOB) U
TOJIBKO GalikaJibCcKue BUIBI OTHOCATCA K languidoides-
rpynme. CyiiecTByeT MHeHue, 4to pon Diacyclops —
MOoJIM- WM NapadueTUYHBIN U BHIABJIEHHBIE MOpP()O-
JIoru4ecKye TpyIIbl MOTIYT MpeACTaB/IATh OTAEJIbHbIE
poxst (Monchenko, 2000; Karanovic, 2006). Mopdo.Jio-
ruvecKkye I'PyNIbl BbIZeJIeHB HA OCHOBE WIEHHCTOCTHU
[JIaBaTeJIbHBIX HOT ¥ aHTeHHYJ1. Ha HameMm fpeBe o 12S
BKJIIOUEHH! TI0CJIe10BaTEJIbHOCTU BUIOB U3 TpeX IPYIIIL:
languidoides-, bicuspidatus- u aticola-rpynmn. CunTaetcs,
yT0 3BOsTIONUA ¥ Cyclopoida uzeT B cTopoHy osiurome-
pusarnuu npuaaTkoB. Takum obpasom bicuspidatus- u
aticola-rpynmbl SBJSAIOTCSA CaMBIMU «IIPUMUTHUBHBIME»
rpynmamu, Torga Kak languidoides-rpynma sBjseTcCA
6oJsiee DSBOJIIOIMOHHO MPOJABUHYTOW U YCIENIHOW,
ABJIAACH OJHOM M3 caMBIX OOraThix IO YHCJTy BHUIOB
(Pesce, 1994; Monchenko and Klein, 1999). B Hamem
ananuse languidoides- u aticola-rpymnmbl mpeacTaBIeHB
PHAEMUYHBIMU BuJaMu u3 balikajma u ABcTpaiuy,
bicuspidatus-rpynma mpejcTaBjeHa HajieapKTUYeCKUMU
BUAaMu. Buasl u3 Tpex rpynm npezackasyemMo chopmu-
pOBaJIM TPpY MOHOGWJIETUYHBIE IPYIIIEl U NUHTEPECHBIM
0KazaJioch T0, 4To bicuspidatus- sBIsAETCA CECTPUHCKOM
u Goslee TeHeTuuecku Osm3koii languidoides-rpyme,
yeM K cxoxeill mo Mopdosioruu aticola-rpynme. s
[IOJIHOTO TOHUMAaHMA KapTUHB B3aWMOOTHOIIEHUN
BUJIOBBIX KOMILIEKCOB B mpeneyiax poga Diacyclops
Heo0XOAMMO JOIOJIHUTEJIbPHOE MCcCcileJoBaHue KOHCcep-
BaTUBHBIX fAJIePHBIX MOJIEKYJIADHBIX (PparMeHTOB U
BKJIIOUEHME MpeACcTaBUTesIell BceX MOP(OJIOrHYecKnux
TPYIIIL

B npepenax MOHOMUIIETUYHON I'PYNIBI IpOaHa-
JIM3UPOBAHHBIX GaliKaJIbCKUX 3HAeMUYHHIX Diacyclops
oOHapyXeHBl [ABa KjacTepa CeCTPUHCKHUX TaKCOHOB.
IepBeiii kitactep ¢Gopmupyor D. sp. (VIG2) u
KOMILJIEKC BUOB improcerus-rpyIlnbl, BTOPOIl KjacTep
BKTIouaeT D. konstantini, V JUHUIO, U Versutus-TpyIImy.
Ocobu improcerus-rpynnsl npuHafajexat K Diacyclops c
HauMeHbIllell JJIMHOHM Tejla B JaHHOM HCCJIeJOBaHUU
U B LeyioM cpeau Oalikaibckux Diacyclops sBissAch
KpyIIHee TOJIBKO TpeX 3HJEeMHYHBIX BUOB: JIMTOPAJIb-
Horo D. ghimulevi u uHTepcTuinaabHbix D. biceri u D.
eulithoralis. Bo3MOXHO, yMeHbIIIEHHE pa3MepoB Teja
BJIMAET Ha 5KOJIOTUYECKUN yCIeX improcerus-rpynmnsl 1
CBA3aH C afanTanuel K NUTaHUI0 MeJKUMHU popmamu
KUBOTHBIX, BOJOPOCJIENl WU JeTputoM. V3BecTHo,
YTO HEKOTOpble MeJIKHe JINTOpaJIbHble U WHTEPCTH-
[UajibHble LUKJIONMABl OTHOCATCA K TpyImme coOu-
pateneii. OHU o06CiaenylT JOeTpUT, CcTeO/I BOOHBIX
pacTeHMH U BKJIIOYAIOT B MUTaHUe SNU(UTHBIE BOJO-
POC/IH, MIPOCTEHIINX, TPYIbl MeJIKUX 0eCI03BOHOYHBIX
(MonaxkoB, 1998). B.1. MOHYEHKO, HCIOJIb3Ys PO
Diacyclops B xauecTBe MOAEJIBHOTO 00BEKTa, MOKA3aJI,
4yTO B XO0Jle MOP(GOJIOTr0-3BOJIIOIMOHHOTO Pa3BUTHA
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Cyclopoida mpoucxoaAUT yMeHbIIEeHHE pa3MepPOB Teja
1 oJiuroMepu3anys TOpaKaJbHBIX KOHeuHocTed. [Ipu
3TOM yMeHbIlleHle pa3MepoB TeJjia ABJIAeTCS BeAyIIUM
nmporieccoM. ABTOp CBA3BIBaJI 00a mpoliecca Co 3HA4U-
TeJIbHO COKpalaloI[MMUCA 3HEpPreTM4ecKMMM 3aTpa-
tamu (MoHuenko, 2003).

BeposTHO, NepBOHAYaJIbHO MPedOK improcerus-
TPYIIIBL ABEPIUPOBaJl CUMIIATpUYeCKU HapAay ¢ Ipes-
Kamu versutus- u galbinus-rpynmel, B TO BpeMs, KaK B
JanbHeNIeM B improcerus-rpyIie MOTJIA IPOUCXOOUTh
cilyyau U IepullaTpuyeckoro BHAooOpa3oBaHUA. B
HaIeM HccjaeqoBaHuM 0coOb IX reHeTyeckon JIMHUU
improcerus-rpynmnsl Obl1a HalfleHa B reorpaduyecku
TOM JXe MecCTe U B OJHO BpeMs, 4TO U 4acTh ocobeil XI
JIMHUMU, HO ¢ rayOuHsl 30 MeTpoB, Torga kak ocobu XI
JIMHUY Ob1TN coOpaHH ¢ ri1yonHsl 10 MeTpoB. KoHeuHo,
JlaHHOe TMpeNINoJIoKeHe O IEePUNTPUYECKOM BUJIO-
ob6pasosanuu IX u XI nuHNUH TpebyeT JOMOJTHUTEIbHON
IIPOBEPKU.

CaMbIMU OTHOCHUTEJIBHO 3BOJIOIMOHHO MOJIO-
IBIMHU Ccpequ paccMatpuBaeMbix Diacyclops ABsioTCA
MOTeHI[MaIbHble BUIBL Versutus-rpynibsl. OHU UMeIT
HauMeHblllie reHeTudyeckne paccrosaHua no COI
u ITS1. Ina [aspHeUIero wuccjefoBaHUs OaHHON
IPYIIBL Ifejiecoo0pa3sHO MCIO0JIb30BaTh OoJjiee MOJIH-
MopdHBIe TeHeTHuYecKue MapKepbl. Hampumep, reH
nad2 mtJHK, xoTopsiii y Copepoda mMmeeT OTHOCH-
TeJIbHO 0oJiee BEICOKYI0 CKOPOCThH 3BoJIONMH, yeM COI
(He et al., 2023). [lanHas rpymma XapaKTepU3yeTcs
YKOPOUEHHBIMHU, VTOJIIeHHBIMM aHTeHHyJlaMH, He
JOCTUTAIIINMU 3ajHero kpacs edaoTopakca, apMu-
pOBaHHBIE OOJIBIINM YKCJIOM HIETUHOK U BOOPYXXKeHHeM
TpeTbero sHAonoauTra P4 Tpemsa munamy U ABYyMA
metuHkamMmu. I'.®D. Ma3zemnoBa cBsi3bIiBajia Hajuure 60JIb-
IIOT0 YmMcJia MeTUHOK Ha aHTeHHyJie Y D. versutus ¢ ero
obuTaHUeM Ha MATKUX IPYHTax, B TOM 4ucJie Wiax. B
Hamux cbopax ocobu versutus-Tpynnsl ObLIN COOpaHBI
C pasHOro Tumna cyocTpaToB B TOM YHCJIe U TBEPABIX: C
recka, KaMHell 1 KaMHel ¢ ecKkoM. Bo3aMoXHO, 13Me-
HeHre Mop@doJioruyu aHTeHHYJ U dHaonmoauTta P4 y
IpegKoBON (POPMEI Versutus-TpynIbl Takxe IIPUBEJIO
K 2KOJIOTHUYECKOMY ycIiexy, KaK M yMeHblIeHHe Teja
y improcerus-TpymIibl, ¥ CBf3aHO C NPeUuMyI[eCTBOM
B XMIIHOM NUTaHUM. MOXHO Takxe IPeIIOJIOXUTE,
YTO AaJjibHelllee BHAOOOpasoBaHue B TIpyle, ObLIO
nepuraTpuyeckoe BOJIb rpajueHTa riiyouH. Tak kak
ocobu VIII reHeTnyeckol JMHUU OBLIM OOHApPyXEHBI
Ha MMHUMAaJIbHBIX IJTybuHax no 1 metpa, a ocobu VII
u VI quHuil HaiijleHsl Ha Gojbmux rayouHax 10 u 15
MEeTpOB.

Camoii 3arajoyHo# B vcciefoBaHHBIX Diacyclops
sBiserca  galbinus-rpynma.  Bo-mepBBIX,  BayMg-
HocTh Buja D.galbinus BBI3bIBajia BOIPOCHL TOCJIE €TO
onucanusa. B.MA. MoHYeHKO cyuTajl 3TOT BUJ CHUHO-
HuMoM D. moravicus (Sterba, 1956), oGuramiiero
B KapcTtoBbix Bojgax MopaBuu (Monchenko, 1974).
K coxanenuio, cukBeHcoB D. moravicus HeT B 6a3ax
JaHHBIX, YTOOBl CpaBHUTH ero c galbinus-rpynmoii.
Bo-BTOpBIX, 3TO eJUHCTBEHHHBIN BUJ U3 ONMCAHHBIX
sHAeMuYHbIX Diacyclops, KOTOpHINl HaiifleH 3a mpepe-
Jamu o3epa bBaiikan, B o3epe IllapTinHCkoe U ABJIA-
eTcA TakuMm obpa3oM cyOsHAeMUKOM. M3 GeHTOCHBIX
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OalikaJbCKMX KOMemnoj, obuTaromux B o3epe Batikai,
M3BECTEH TakXe cyOsHOeMuuHslll Bup Harpacticella
inopinata, BcTpeuatomuiica B peke EHmceii. MoJeky-
JIIpHOE HcCcJieloBaHue 3Toro Bujaa u3 p. Exucelt noka-
3aJI10 ero OTHOCUTEJIbHO HeJlaBHee OalikaJIbCKOe IIPOUC-
XOXJleHle, BepOSTHO, CBA3aHHOE C aHTPOIOTeHHBIM
BcesienvieM (Fefilova et al., 2023). UTOObI O1IEHUTD My TH
paccenenus galbinus-rpynnsl HeOOXOAUMO HPOBECTHU
aHajii3 MOJIEKYyJIApHO-TeHeTUYeCKUX JaHHBIX U3 o3epa
MaptinHckoe. U B-TpeThUX, Hallle UCCIIeOBaHNE [10Ka-
3bIBa€T, UYTO XOTh galbinus-rpynma u BXOAUT B MOHO-
puneTuyHy0 TPyNIy C OCTAJIbHBIMU OaliKasibCKUMU
Diacyclops, HO TeM He MeHee 3aHUMAaeT AUCTAHTHOE
nosioxxeHue. MOXHO NpeJiNnoJIoKUTh, 9TO, AUBEPIreHIA
npeakoBoil ¢opmsel galbinus-rpynmel, Mpou3ounLIa Ha
OTHOCHUTEJIbHO paHHUX dTanax sBooiuu Cyclopoida B
o3epe Dafikan miu, BO3MOXHO, MMeJja APYIYI0 Iped-
koBy10 (opmy Diacyclops, yeM ocTasibHbIe aHATU3UPY-
eMble sHAeMuuHbie Diacyclops. B HalieM mccjieJ0BaHUN
oOHapyXeHO HaJInyue YeThlpeX reHeTUYeCcKUX JIMHUIM,
cpenu ocobeil, moxoxux mo Mmopdosioruu Ha D.galbinus.
Bo3MoXxHO, KaxAasd M3 HUX ABJIAETCA NOTEHIMaJIbHO
HOBBIM BUJIOM.
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