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ABSTRACT. The presence of internal telomeric sequences (ITSs) in chromosomes typically indicates
instances of genome reorganization. Changes in morphology and chromosome number can be sources
of intraspecific polymorphism and also lead to speciation. Both variants are found in flatworms, but
ITSs are rare in chromosomes, as is common in other invertebrate animals. Out of 23 flatworm species
ITSs has been identified in only three parasitic species. Using FISH with telomeric probes, we found
that ITSs are also present in the chromosomes of the endemic Baikal planarians Baikalobia Kenk, 1930
(Tricladida, Continenticola, Dendrocoelidae). This is the first time that ITSs has been identified in free-
living flatworms. Like Shistosoma Weinland, 1858, the appearance of ITSs in the Baikal planarians could
be associated with the process of speciation. There is no data yet on ITSs in other dendrocoelids, and
the question remains whether ITSs are a specific feature of Baikal planarians or a special feature of all

dendrocoelids.
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1. Introduction

Internal telomeric sequences (ITSs) are telomeric
DNA located anywhere on the chromosome except the
terminal regions (Meyne et al., 1990). They can arise for
several reasons, including as a result of chromosomal
rearrangements during genome evolution, repair of
double-strand DNA breaks, and the introduction of
extrachromosomal telomeric DNA into chromosomes
and its amplification (Bolzan and Bianchi, 2006; Ruiz-
Herrera et al., 2008; Bolzan, 2012). As a rule, ITSs are
not associated with telomere functions, unless one takes
into account their specific role in maintaining genome
plasticity, since they are known to induce mutations
and are localized at fragile sites where chromosome
breaks occur (Moore et al., 2018; Lin and Yan, 2008).

There are four groups of ITSs: short ITSs,
subtelomeric ITSs, fusion ITSs (resulting from the fusion
of chromosomes) and heterochromatic ITSs (Bolzan,
2017). They differ in size, location and nucleotide
environment, and also arise through different
mechanisms. Short ITSs have a size of 100-120 bp and
can be surrounded by both unique sequences and SINE,
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LINE, LTR retrotransposons. The length of subtelomeric
ITSs is measured in hundreds of nucleotides and may
include degenerate telomeric repeats. The ITSs fusions
have a head-to-head orientation and are flanked
by subtelomeric DNA, indicating instances of two
chromosomes joining at telomeric regions. Their sizes
can vary from several kilobases (kb) to several tens of
kb. Heterochromatic ITSs are the largest sequences,
up to several hundred kb in size. They are often found
in pericentromeric regions, but can also occur on
chromosome arms and also form microchromosomes
(Bolzan, 2017).

The sensitivity of conventional Fluorescence in
situ hybridization (FISH) allows the visualization of
sequences 1000 bp or longer (Poon et al., 1999), i.e. it is
difficult to detect short and subtelomeric ITSs using this
method. However, this method is capable of recording
the most significant chromosomal rearrangements in the
evolution of the karyotype, which can affect telomeric
regions. In the chromosomes of vertebrates, ITSs larger
than 1000 bp are quite common and are located mainly
near centromeres (Meyne et al., 1990; Bolzén et al.,
2017; Vicari et al., 2022). Usually, this is a consequence
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of Robertsonian translocations (Slijepcevic, 1998),
although such chromosomal mutations do not always
lead to the appearance of ITSs (Souza et al., 2016).
ITSs longer than 1000 bp are not so widespread among
invertebrates (Vitkova et al., 2005; Traut et al., 2007;
Vicari et al., 2022). For example, among mollusks, such
ITSs were found in only two of 23 species studied in
this regard (Nomoto et al., 2001; Godwin et al., 2012).
Among flatworms, FISH data with telomeric probes are
known for 23 species, most of them parasites (Table 1),
and ITSs were found only in the sex chromosomes of
two trematode species (Hirai, 2014) and one cestode
species (Spakulova et al., 2019). ITSs have not yet been
identified in free-living flatwormes.

We used FISH with telomeric TTAGGG probes
to identify the localization of telomeric repeats in the
chromosomes of two species of endemic planarians of
the genus Baikalobia, an autochthonous group of Baikal
Dendrocoelidae. ITSs were found in both worm species.
Also in this work, we analyzed the phylogenetic
relationships of flatworms taking into account ITSs in
their chromosomes.

2. Materials and methods

Planarians were manually collected in the
Listvyanichny Bay of Lake Baikal (51°52’02.4”N
104°49’°55.2”E) in September 2011. The material
was collected on the outside of stones at the depth of
about 1 m. After that, worms were placed in a thermal
container with Baikal water and taken to the laboratory,
where they were kept until analysis. Tissues from
two Baikalobia species were used for FISH: B. guttata
Gerstfeldt, 1858 and B. variegata Korotneff, 1912 (3
individuals of each species). Species included in the
phylogenetic analysis are presented in Table 1.

2.1. Fluorescence in situ hybridization
(FISH)

Chromosome preparations were prepared from
homogenized worm tissues. Tissues were placed in
0.56% KCl, minced and left at 37°C for 15 min. Then
they were fixed with a mixture of methanol and acetic
acid (3:1), kept at +5°C for 15 minutes, centrifuged,
the supernatant was removed, and the procedure was
repeated three times. A cell suspension was dropped
onto glass slides cooled to -20°C over water vapor (70-
80°C) and dried for 10 minutes. Before hybridization,
the preparations were kept at room temperature for
several days.

The telomeric probe was generated by template-
free PCR (Ijdo et al., 1991) and labeled with Bio-11-
dUTP by PCR with primers for telomeric regions.
FISH of the telomere probe on the preparations was
carried out in accordance with the protocol (Joffe et
al., 1998) with some modifications. After washing in
1x PBS containing 50 mM Mg2+, the preparations
were treated with 0.12% trypsin for 20 s. Next, the
preparations were fixed in 0.5% formaldehyde and 1 x
PBS for 10 min, washed in 2 X SSC, and dehydrogenated

in ethanol. The hybridization mixture (20 pul) contained
50% formamide, 2xSSC and a telomeric probe. Before
hybridization, the mixture was denatured for 5 min
at 96°C, cooled in ice, and applied to the preparation.
Hybridization proceeded overnight at 42°C. Detection
of the biotinylated probe was carried out using
fluorescently labeled streptavidin (Streptavidin-Cy3,
Sigma, USA). The preparations were stained with
DAPI fluorochrome (4,6-diamino-2-phenylindole, 0.5
pug/ml) in Vectashield medium (Vector laboratories,
UK) and analyzed on an Olympus BX51 fluorescence
microscope. Chromosomes were photographed at 100x
magnification (DP70 camera, X-Cite 120Q light source).

2.2. Phylogenetic analysis

DNA extraction, PCR of the 18S rRNA gene and
sequencing were carried out as described in article by
Porfiriev and coauthors (Porfiriev et al., 2018). The
alignment of the resulting nucleotide sequences was
carried out in the ClustalW1.6 program (Thompson et
al., 1994). The execution of phylogenetic reconstruction
was done using MrBayes 3.2.7 (Huelsenbeck and
Ronquist, 2001) in accordance the GTR+G model.
The calculation of Markov chains (MCMC) involved
10 000 000 generations (4 chains in parallel) and the
recording of parameters every 1000 generations. The
likelihood method was stabilized by using the first 25%
of generations, while the rest was used to estimate the
posterior probability. The reliability criterion was a
posterior probability exceeding 95%. MEGA7 (Kumar et
al., 2016) was also used to reconstruct trees, which was
accomplished by using both Neighbor-Joining and K2P
models, which were tested in 1000 replications using a
bootstrap test. The implementation of graphic editing
of the tree was done in FigTree version 1.4.2 (http://
tree.bio.ed.ac.uk/software/figtree/) and MEGA?7.

3. Results
3.1. FISH

B. guttata and B. variegata, two species of Baikal
planarians, were the targets of this method’s using (Fig.
1). Their haploid set is the same and amounts to 15
chromosomes, that was shown by T. M. Umylina in the
70s (Umylina, 1973; 1976; 1977). Figure 1 shows that
TTAGGG repeats are present not only at the ends, but
also inner of chromosomes, which indicates the presence
of ITSs in the analyzed species. Moreover, in the species
B. guttata they are located on one chromosome (Fig. 1 c,
d), and in the species B. variegata ITSs they are probably
located on two different chromosomes (Fig. 1 h).

3.2. Phylogenetic analysis and ITSs

To carry out phylogenetic analysis, nucleotide
sequences of the 18S rRNA gene were obtained for
B. guttata and B. variegata, for other species of flatworms,
the sequences of this gene were taken from the GenBank
database (Table 1). The length of the analyzed regions
after the alignment was about 2000 bp. 655 informative
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Table 1. The analyzed species with/without ITSs and the sequenced 18S rRNA gene

Species 2n ITSs (FISH) Accession number
18S rRNA (GenBank)
TRICLADIDA
Baikalobia guttata Gerstfeldt, 1858 30 yes! KY848668.1
B. variegata Korotneff, 1912 30 yes! OR758633.1
Polycelis tenuis Ijima, 1884 14 no? 799949.1
Dugesia ryukyuensis Kawakatsu, 1976 14 no? AF050433.1 (type 1I)
MONOGENEA
Paradiplozoon homoion Bychowsky et Nagibina, 1959 14 no® KY640614.1
CESTODA
Caryophyllaeus laticeps Pallas, 1781 20 no* AJ287488.1
Caryophyllaeides fennica Schneider, 1902 20 no* KF990172.1
Nippotaenia mogurndae Yamaguti et Miyata, 1940 28 no* AJ287545.1
Atractolytocestus huronensis Anthony, 1958 24 (3n) yes® OM972659.1
TREMATODA
Schistosoma mansoni Sambo, 1907 16 yes® U65657.1
S. haematobium Bilharz, 1852 16 yes® 711976.1
S. japonicum Katsurada, 1904 16 no® 711590.1
S. sinensium Pao, 1959 16 no® AY157225.1
Clonorchis sinensis Looss, 1907 14 no® JF823988.1
Metorchis xanthosomus Creplin, 1846 14 no® OK384552.1
M. bilis (Braun, 1790) Odening, 1962 14 no® OK384551.1
M. orientalis Tanabe, 1920 - - JF314771.1
Opisthorchis viverrini (Poirier, 1886) Stiles & Hassal, 1896 14 no° JF823987.1
O. felineus Rivolta, 1884 Blanchard, 1895 14 no® MF077357.1
Bucephalus minimus (Stossich, 1887) Nicoll, 1914 14 no’ -
B. australis (Szidat, 1961) Yamaguti, 1971 14 no’ -
Monascus filiformis (Rudolphi, 1819) Looss, 1907 18 no’ -
Cercaria longicaudata Tang, 1990 16 no’ -
Bacciger bacciger (Rudolphi, 1819) Nicoll, 1914 12 no’ -
MACROSTOMORPHA
Macrostomum lignano Ladurner, Schérer, Salvenmoser, & 8 no® FJ715306.1
Rieger, 2005
ACOELOMORPHA
Hofstenia miamia Correa 1960 - - AM701817.1

Note: 1 - gene sequences and FISH results were gave by us; 2 - Joffe et al., 1996; 3 - Tasaka et al., 2013; 4 - Bombarova et
al., 2009; 5 - Hirai et al., 2000, Hirai, 2014; 6 - Zadesenets et al., 2012; 7 - Garcia-Souto and Pasantes, 2015; 8 - Zadesenets et
al., 2016; 9 - Spakulova et al., 2019. Dash means absent of complete information.

sites were identified. Both MrBayes 3.2.7 and MEGA7
programs produced trees of similar topology. Figure
2 shows the phylogenetic tree obtained in MrBayes.
In general, representatives of different orders cluster
into separate clades with high statistical support; the
representative of Macrostomorpha forms a separate
branch, along with the outgroup Hofstenia miamia.

4. Discussion and conclusions
4.1. ITSs in parasitic and free-living
flatworms

In the evolution of some groups of animals,
intra- or interchromosomal rearrangements, as well as
genomic mutations, played a decisive role (Trifonov
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et al., 2012; 2016; Dehal and Boore, 2005). In this
regard, tracking chromosomal mutation markers such
as ITSs makes it possible to assess the contribution of
chromosomal rearrangements to speciation.

During the evolution of flatworms, numerous
karyotype transformations also occurred. As in the case
of nematodes and other types of invertebrate animals
(Stein et al., 2003; Ghedin et al., 2007; Dubinin et al.,
1936), a significant contribution of intrachromosomal
rearrangements was noted for flatworms (Swain
et al., 2011), which is probably due to the presence
of a large number of repeating sequences in their
genome, including LTR retroelements (Grohme et al.,
2018). ITSs data were obtained for a small number of
representatives of different orders/classes (Table 1).
Based on these data, we can conclude that ITSs are not
typical for the chromosomes of these animals, as for
other invertebrates. Previously, ITSs were found only
in parasitic flatworms (Hirai, 2014; §pakulové et al.,
2019). The detection of ITSs in the sex chromosomes of
parasites, in this case schistosomes, is associated with
several inversions and heterochromatization (Hirai et
al., 2012; Hirai, 2014). The appearance of ITSs was
associated with the spread of these parasites from Asia
to Africa and with subsequent speciation (Hirai, 2012).
It is worth noting that schistosomes have a unique sex
determinationsystemamonghermaphroditictrematodes
(ZZ male, ZW female), and the sex chromosomes
have undergone significant reorganization during the
evolution, as evidenced by ITSs. Baikal planarians,
like most flatworms, are hermaphrodites and do not
have separate gonosomes. Similarly, speciation in
Baikalobia worms may have been accompanied by the
emergence of ITSs (Fig. 1). Free-living flatworms often
have genomic mutations associated with changes in the
number of chromosomes. They can be random, as in the
case of the macrostomorph Macrostemum lignano, which
has a high percentage of aneuploids (Zadesenets et al.,
2016). In the case of planarians, the adaptive nature of
changes in the number of chromosomes was revealed:

B. guttata

Fig.1. Telomere signals (pink) in meiotic chromosomes
of Baikal planarians (chromosomes stained with DAPI,
blue): a, e — appearance of worms, the scale is 1 cm; b, f —
15 pairs of chromosomes; ¢, d, g h — FISH shows telomeric
repeats TTAGGG in B. guttata and B. variegata. Arrows point
at chromosomes with ITS. Yellow asterisks indicate ITS. A
number of chromosome sets is shown in figure d.

Macrostomum lignano
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Fig.2. 18S rRNA gene phylogenetic tree (MrBayes 3.2.7). Species with ITSs are highlighted in pink. On the right are the
flatworm order names. The nodes indicate the posterior probability values. The scale shows genetic distances.
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with increasing latitude, the number of chromosomes
also increased (Lorch et al., 2016). At the same time,
changes in the number of chromosomes during the
evolution of planarians accompanied speciation, for
example in the genus Bdellocephala, including among
the Baikal representatives (Umylina, 1971; Kuznedelov
et al., 2000; Novikova et al., 2006). Concurrently,
changes occurred in the morphology of chromosomes,
which indicates a significant reorganization of the
genome. The endemic planarians of Lake Baikal have,
as a rule, 30 chromosomes with a predominance of
metacentrics and submetacentrics in the karyotype
(Umylina, 1973, 1976, 1977). The stability of the
number of chromosomes and the rarity of telocentric
and acrocentric chromosomes in this morphologically
and ecologically very diverse group of triclads may
indicate the predominance of intrachromosomal
changes during the evolution of their genomes, as
in other flatworms. Unfortunately, we do not know
whether the common ancestor of all Baikal triclads had
ITSs in their chromosomes or whether they appeared
only during the evolution of a separate branch of
Baikalobia.

4.2. ITSs and flatworm phylogeny

Early in the evolution of flatworms, an important
event occurred involving the loss of centrosomes
(Azimzadeh et al.,, 2012). This accompanied the
emergence of several groups of flatworms, which are
now combined into a taxon Acentrosomata. It includes
four orders Tricladida, Fecampiida, Prolecithophora,
Bothrioplanida and three class of parasitic worms
Monogenea, Cestoda and Trematoda (Egger et al., 2015;
Collins, 2017). ITSs were identified in representatives of
Tricladida, Trematoda and Cestoda, but were absent in
the studied representatives of other Acentrosomata, as
well as in the rather distant clade Macrostomorpha (Fig.
2), indicating the independence of the pathways leading
to the appearance of ITSs in free-living and parasitic
flatworms. Within the order Tricladida, representatives
of the two families Planariidae and Dugesiidae lack
ITSs, but they appear in the family Dendrocoelidae
among Baikal endemics (Fig. 1). Representatives of
only this family are found in Lake Baikal.

Further study of ITSs in representatives of the
family Dendrocoelidae will help to understand at what
stage of evolution the genome reorganization occurred,
leading to the appearance of ITSs, and whether this
event was a feature of the Baikal endemics or all
dendrocoelids.
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BHyTpeHHHe TeAOMepHble
NOCAEAOBaTEAbHOCTH B XpomMmocomax
6aMKanbCKUX NAaHaApPUH

I JTumHostocudeckuti uHcmumym, Cubupckoe omdesteHue Poccuiickoii akademuu Hayk, 664033, Yran-Bamopckaa, 3, Hpkymck, Poccus

2 HHcmumym MoJteKyJIApHOUL U KiTemoyHoll 6uostoeuu, Cubupckoe omoesieHue Poccutickoii akademuu Hayk, 630090, npocnekm
Jlagpernmvesa, 8/2, Hosocubupck, Poccus

3 Batikatsckuti Mmy3etl, Cubupckoe omdesieHue Poccutickotli akademuu Hayk, 664520, Akademuyeckas, 1, JlucmasaHka, Poccus

4 KazaHckuti ¢pedepastbHulil yHugepcumem, HHcmumym ¢yHOameHMatbHOL MeduyuHsl u 6uostoeuu, OmaoesteHue 300102uul U o6uyet
buostocuu, 420008, Kpemeackas, 18, Kazanb, Poccua

AHHOTAILIUS. Hanuurue BHYTPEHHUX TeJOMEpHBIX IocjefioBaTesibHOCTel B XxpoMocomMax (ITS), kak
NIpaBUJIO, YKa3blBaeT Ha Clyyau peopraHusanuu reHoma. MismeHeHnsa MOp(OJIOrUH U YKcJia XPOMOCOM
MOT'yT OBITh NCTOYHMKAMY BHYTPHUBUAOBOIO IOJIMMOpdU3Ma, a Takke IPUBOAUTH K BUA00OPa30BaHUIO.
VY nockux uyepBell oOHapyxeHbl o0a BapuaHTa, IIpu 3ToM ITS B xpoMocomax BCTpedaroTcs pefaxo,
YTO XapaKTepHO U AJiA APYIHMX OeclO3BOHOYHBIX XMBOTHBIX. M3 23 mcciieJOBaHHBIX BUJOB IIJIOCKUX
yepBell ITS ObLIN BBIABJIEHBI TOJIBKO y TpeX nmapasutuyeckux BuoB. C nomoiuisio FISH ¢ TeoMepHBIMU
30HAaMU Mbl OOHapyxuiH, uyTo ITS Takke MpUCYyTCTBYIOT B XpOMOCOMAax SHAEMUYHBIX OaliKaJIbCKUX
wiaHapuii Baikalobia Kenk, 1930 (Tricladida, Continenticola, Dendrocoelidae). 3To mepBbIii ciyuait
BbLABJIeHNA ITS y cBOOOAHOXUBYIIUX IJIOCKUX YepBer. Kak y Shistosoma Weinland, 1858, nossieHue
ITS y GarikajabCKUX IJIaHAPUI MOTIJIO OBITh CBA3aHO C IIpolieccoM BUAooOpa3oBaHusA. [Ioka HeT JaHHBIX
o ITS y apyrux aeHApoLen/a, U OCTaeTCs OTKPBITBIM BOIIPOC O TOM, ABJsAI0TCA M ITS cnenuduyeckoi
yepTol GalikaJIbCKUX OOMTAaTeJIell TN 3TO 0cobas uepTta Beex mpezcraBuTeseil Dendrocoelidae.

Kitiouegsie ctoga: BHyTPUXPOMOCOMHBIE TeJIOMepHEIe nocjienoBaresbHocTy, ITS, FISH, niockue yepsy,
wiaHapuu, batikan

1. Beepenne 2017). OHu oTJIMYalTCA pa3Mepamu, JoKaju3aluei

U HYKJIEOTUAHBIM OKpYXeHHeM, a TakXe BO3HUKaT
Osarogapss pas3HbiIM MexaHusMaM. Koportkue ITS
nmeroT pasMmep 100-120 mH ¥ MOTYT OBITb OKPYXXEHBI
KaK YHUKaJIbHBIMU II0CJIe[OBATEJIbHOCTAMU, TaK U
SINE, LINE, LTR perpoTpaHcno3oHamu. [nnHa cyoOTe-
JoMepHBIX ITS m3Mepsercsa COTHAMM HYKJIEOTULOB U
MO’XeT BKJIIYaTh B ce0s BBIPOXAEHHBIE TeJIOMepHbIe
noBTOpHL Cautsle ITS MMeEOT OpreHTaLNIo roJIoBa-K-Io-
joBe u uaHKkupoBaHbl cyoOTesoMmepHor [HK, uto
yKasbplBaeT Ha cJiydan OObeVHEHHs JBYX XPOMOCOM
B TeJIOMepHBIX obsacTax. VX pa3mepbl MOTYT Bapbu-
pOBaTh OT HECKOJIbKUX TIH A0 HECKOJIBKUX AEeCATKOB
TnH. I'etepoxpomaTtnHoBele ITS — 3T0 camble Gosbne
IOCJIeOBATEJIBHOCTU Pa3MepPOM [0 HECKOJIbKUX COTE€H
TnH. OHUM 4YacTo OOHApyXWBAIOTCA B IPULEHTPO-
MEpPHBIX 00J1aCTAX, HO MOTYT BCTPeYaThCs 1 Ha Ijiedax
XPOMOCOM, a TakXe O0pa3oBbIBATh MUKPOXPOMOCOMEI
(Bolzan, 2017).

BHyTpeHHUEe  TeJlOMepHble  IOCJIeJOBaTeJIb-
HoctH (ITS) — aTo Tenomepnasa AHK, jokanu3zoBaHHas
B JIIOOOM ydYacTKe XpOMOCOM, KpoMe TepMHUHaJIbHBIX
peruoHoB (Meyne et al., 1990). OHM MOTYT BO3HUKaTh
10 HEeCKOJIbKMM IpHUYrMHaM, B TOM YHCJIE B pe3yJib-
TaTe XpPOMOCOMHBIX IIepeCcTPOeK B IIPOLiecce 3BOJIIOIUN
reHoMa, penapanuu AByxlelodyeuHblx pa3pbiBoB JHK
U BHeJpeHUs SKCTPaXpoMOCOMHOM TesioMmepHoi [JHK B
XpOMOCOMBHI 1 ee amiudukarmu (Bolzan and Bianchi,
2006; Ruiz-Herrera et al., 2008; Bolzan, 2012). Kak
npasuJio, ITS He cBA3aHbI ¢ QYHKUUAMM TEJIOMEP, €CJIN
He YYMTHIBAaTh UX OINpeAesIeHHYI0 POJib B MOAAepKaHUU
IJIACTUYHOCTU F'eHOMa, T. K. U3BECTHO, YTO OHU HHAY-
LUPYIOT MyTallU U JIOKAJIU3YIOTCA B XPYNKUX CcalTax,
10 KOTOPBIM MPOUCXOAAT pa3psiBhl xpoMocoM (Moore
et al., 2018; Lin and Yan, 2008).

Boimensaior detwslpe rpynnel ITS: KopoTkue,

cyOTesioMepHEbIe, cjiuThle (MTOABUBIINECS B pe3yJibTaTe
CJTUSIHUS XPOMOCOM) U TeTepoxpoMaTuHOBHIEe (Bolzan,
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YyBCTBUTEJBHOCTh OOBIYHOUM Fluorescence in
situ hybridization (FISH) no3BoJisieT BU3yaIHM3UpPOBATh
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nocJyiegoBaTtesibHOCcTU AyiHon 1000 mH u 6osiee (Poon
et al.,, 1999), T.e. ¢ IOMOIIbI0O 3TOI'0 MeTOo[a CJIOXXHO
00HapyXUTh KOPOTKUE U cybTesioMepHsele ITS. OnHako
HauboJiee 3HAUMMEbIE B 3BOJIIOI[MU KapUOTHUIIA XPOMO-
COMHBIE [IepecTPOiKM, KOTOpble MOTYT 3aTparmuBaTh
TeJIOMepHble PervoHBl, 3TOT MeTOJ CrocobeH 3aduK-
cupoBaTh. B XpoMocomMax MO3BOHOYHBIX >XHMBOTHBIX
ITS pasmepom Gosiee 1000 IH AOBOJIBHO 4acTO BCTpe-
YalTCA W PacHojIoKeHBl TJIaBHBIM 00pa3oM BOJIN3U
nentpomep (Meyne et al., 1990; Bolzan et al., 2017,
Vicari et al., 2022). Kak npaBujio, 3TO ABJAETCA CJIE/I-
cTBUEeM pobepTCcOHOBCKUX TpaHcaokauui (Slijepcevic,
1998), xoTa He Bcerga Takue XpOMOCOMHBIE MyTallln
npuBoAAT K mosieieHuro ITS (Souza et al., 2016). U3
TOr0, YTO H3BECTHO O XpOMOCOMax OeCl03BOHOUYHBIX
KUBOTHBIX MOXHO cKazath, 4To ITS pasmepom GoJiee
1000 mH B HUX He TaK MIMPOKO PaCIPOCTPAHEHHI
(Vitkova et al., 2005; Traut et al., 2007; Vicari et al.,
2022). Hanpumep, cpeau MoJutiockoB Takue ITS 6bun
oOHapyXeHbl TOJBKO y ABYX U3 23 HCCJIeJOBAaHHBIX B
aToM oTHoIeHnu BugoB (Nomoto et al., 2001; Godwin
et al., 2012). Cpeu IJIOCKUX YePBEil N3BECTHHI JAHHBIE
FISH c TetoMmepHBIMU 30HAAMU [JiA 23 BUAOB, IpHUYEM
OOJIBIIMHCTBO M3 HUX — mapa3utsl (Tabauna 1), u ITS
obHapyXeHBl TOJIBKO B IIOJIOBBIX XpOMOCOMax [IBYX
Bui0B Tpemaroy (Hirai, 2014) u omgHOTO BUAA 1[€CTO.
(épakulové etal., 2019). Y cBOGOTHOXUBYITUX TMJIOCKUX
yepsell ITS emje He GBI BBHIABJIEHHL.

Mser  wucnose3oBasu  FISH ¢ TesnoMepHBIMU
30HJAaMU [JIS BBISBJIEHUS JIOKAJIM3ALUN TEJIOMEPHBIX
MOBTOPOB B XPOMOCOMAaX [IBYX BUIOB 3HAEMUYHBIX
IUIaHapuii pojaa Baikalobia, aBTOXTOHHOM T'PYIIIBI
Hatikanbpckux Dendrocoelidae. ITS 6511 0OHAPYXXEHBL Y
o6oux BUA0B uepBeil. Takxe B 3TOI paboTe MbI TpoaHa-
JM3upoBaiud GUIOreHeTUYecKre OTHOMIEHU IJI0CKUX
yepBeli ¢ yueTom ITS B ux xpomocomax.

2. MaTepuanbl U METOADI

[Inanapuu 6bIM cobpaHbl B ceHTsA0pe 2011 r B
3asmBe JIucTBAHMYHBIN o3epa batikan (51°52’02.4»N
104°49’55.2»E). CHop ocCyllecTBJJIC  BPYYHYIO
KHUCTOYKOM c riybuHsl 1 M ¢ kamHeill. Ocobu 6bUIn
ToMellleHbl B TEPMOKOHTeliHep ¢ 6aliKaJIbCKOW BOJIOM
U JJ0CTaBJIeHBl B JIabOpaTopUIo, TJe COAEePXKaJUCh 10
a”amnu3a. Jyia FISH ucnosib3oBanrch TKaHU ABYX BUJIOB
3HJIeMHUYHOro Gaiikaibckoro poxa Baikalobia: B. guttata
Gerstfeldt, 1858 u B. variegata Korotneff, 1912 (no mpu
ocobu Kadxc0oeo guda). Busl, BKIIOUeHHBIE B (ryIoreHe-
TUYeCcKUll aHasus, pejcranseHs B Tabauie 1.

2.1. dayopecueHTHAA rubpuansaumsa in
situ (FISH)

XpoMOCOMHBIE TpernapaTrhl TOTOBUJINW U3 T'OMO-
reHU3MpPOBAHHBIX TKaHell dYepBell. TkaHU MoMemlaan
0.56% KCI, usmenpuasmn u ocrasum npu 37°C Ha
15 mMuH. 3ateM (QUKCHUpPOBaJIM CMECBI0 MeTaHoJa U
yKcycHoOU kucioTsl (3:1), BeigepxuBanu mpu +5°C 15
MUH, IeHTpudyruposany, yoOupanu HagoCaJOYHYIO
’KUIKOCTh 1 CHOBA MMOBTOPAJIU NpOILelypy Tpu pasa. Ha
oxyiaxaeHHble 10 -20°C mpegMeTHbIe CTeKJIa Karaju

CyCIeH3UI0 KJIeTOK HaJl BoAsHbIMU mapamu (70-80°C)
U BeicymuBasiud B TeueHue 10 muH. Ilepen rubpuau-
3anuell mpemnapaTsl BbIAEPXUBAINA INPU KOMHATHOMN
TeMIlepaType HeCKOJIbKO CYTOK.

TesmomepHyo mpoby mnosydanu Oe3mMaTpUYHON
TP (Ijdo et al., 1991) u merunu ee Bio-11-dUTP
nocpeacrsoMm IIIP ¢ mpailiMepaMu Ha TeJOMepHbBIE
pationsl. FISH TesoMepHOl mnpoObl Ha Mpenaparax
MPOBOIVJIN B COOTBETCTBUM C npoTokojom (Joffe et al.,
1998) c HekoTOpBIMU HM3MeHeHuAMU. [locjie OTMBIBKU
B 1-xpaTtHOM PBS, comepxamem 50 MM Mg2 +, npena-
paThl obpabatsiBasu 0.12% TpurncuHoMm B TeueHue 20
c. Janee npenapatsl ¢pukcrupoaau B 0.5% popmasnbae-
rueu 1-kpatHoMm PBS 10 MuH, mpoMbIBaii B 2-KpaTHOM
SSC u gerugpupoBaiu B 3TaHoJie. [ubpuansanrioHHasn
cMech (20 mxit) comepxaia 50% dopmamu, 2xSSC u
TeJioMepHBIY 30H. [Tepe rubpuausaiiyeil cMech feHa-
TypUpOBaJIy B TeueHne 5 MuH npu 96°C, oxJiaxxgaiu BO
JIbAY U HAHOCWJIM Ha npenapart. ['mbpuausanus mia B
TeueHre Houu npu 42°C. [eTtekuus OHMOTUHUINPOBAH-
HOT'0 30HJa IPOBOAWJIACH C TOMOIIBI0 (PIyOpeCcieHTHO
MeueHoro crpentaBuguHa (Streptavidin-Cy3, Sigma,
CIIIA). IlpenapaTsl okpatrBaiy ¢iryopoxpomom DAPI
(4,6-mnamubo-2-pennuagon, 0.5 MKr/mir) B cpefe
Vectashield (Vector laboratories, BemukoGpuTaHUsI)
U aHaJIM3UPOBAIM Ha (PJIyopecleHTHOM MHUKPOCKOIEe
Olympus BX51. Xpomocomsl ¢oTorpadpupoBanu npu
yBesuueHun 100x (xamepa DP70, HMCTOYHUK CBeTa
X-Cite 120Q).

2.2. PunoreHeTHUECKUN aHANU3

Beinenenne JTHK, IILP rena 18S pPHK u cekse-
HUPOBaHUE TPOBOIWJINCH, KaK OMUCAHO B paboTe
IMopdupreBa ¢ coaBropamu (Porfiriev et al., 2018).
BelpaBHUBaHUE TMOJyYeHHBIX HYKJIEOTUAHBIX IMOCJIe-
JIOBAaTEJIbHOCTEN  OCYIIECTBJIAJIOCH B MpPOTpaMMe
ClustalW1.6 (Thompson et al., 1994). ®uioreHeTu-
Yyeckas PEKOHCTPYKIUS MPOBOAWJIACHE B IMporpaMme
MrBayes (3.2.7) (Huelsenbeck and Ronquist, 2001)
npu ucnosas3oBanuu mofenau GTR + G. Ilenu Mapkosa
(MCMC) paccuutsiBasiuch B TeueHre 10000000 moxo-
JeHut (4 1enu napasuiesbHO) C YaCTOTOM 3alKCcH rapa-
MeTpoB kaxayio 1000 renepauuii. [lepsoie 25% rene-
paUui MCHOJIb30BAJINCH [JI CTAaOWJIM3alUd MeToAa
MpaBAonoAo0HsA, a OCTaJIbHble — I OL[€HKH arocTe-
PHOPHOHM BepOSTHOCTU. KpuTepmeM [JOCTOBEPHOCTHU
CJTy’XHJIa allOCTEPUOPHAs BEPOSATHOCTH, MPEBHIIIA0IIAs
95%. Takxe PEKOHCTPYKIMA JepeBheB IPOBOJUIIACH
B makere nporpamMm MEGA7 (Kumar et al., 2016),
rJe MCIOJIb30BAJIMCh MeTOoJ OJImKalIIux cocelei
(Neighbor-Joining) u aBynapameTrpuveckas MOJeb
Kumypnt (K2P) ¢ 6yTcTpen tectoM (1000 permmkanuii).
I'paduveckas pefaknua JepeBa OCYLIECTBJIATIACh B
nporpammax FigTree v1.4.2 (http://tree.bio.ed.ac.uk/
software/figtree/) m MEGA?7.

3. Pe3syabTartbl
3.1. FISH

FISH ObLa nmpoBefeHa [j1A ABYX BHUAOB Oaiikaib-
cKkuxX maHapuil B. guttata u B. variegata (Puc. 1).
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Ta6auna 1. Bunsl, npoananu3upoBaHHble Ha Hasnuue ITS, u ux renst 18S pPHK

Buasl 2n ITS (FISH) Homep B GenBank
18S rRNA
TRICLADIDA
Baikalobia guttata Gerstfeldt, 1858 30 ecTp! KY848668.1
B. variegata Korotneff, 1912 30 ecTh! OR758633.1
Polycelis tenuis Ijima, 1884 14 HeT? 799949.1
Dugesia ryukyuensis Kawakatsu, 1976 14 Het? AF050433.1 (type 1I)
MONOGENEA
Paradiplozoon homoion Bychowsky et Nagibina, 1959 14 Het? KY640614.1
CESTODA
Caryophyllaeus laticeps Pallas, 1781 20 Het* AJ287488.1
Caryophyllaeides fennica Schneider, 1902 20 Het* KF990172.1
Nippotaenia mogurndae Yamaguti et Miyata, 1940 28 HeT* AJ287545.1
Atractolytocestus huronensis Anthony, 1958 24 (3n) ecTp’ OM972659.1
TREMATODA
Schistosoma mansoni Sambo, 1907 16 ecTh® U65657.1
S. haematobium Bilharz, 1852 16 ecTn® 711976.1
S. japonicum Katsurada, 1904 16 HeT® 711590.1
S. sinensium Pao, 1959 16 HeT® AY157225.1
Clonorchis sinensis Looss, 1907 14 HeT® JF823988.1
Metorchis xanthosomus Creplin, 1846 14 Het® OK384552.1
M. bilis (Braun, 1790) Odening, 1962 14 HeT® OK384551.1
M. orientalis Tanabe, 1920 - - JF314771.1
Opisthorchis viverrini (Poirier, 1886) Stiles & Hassal, 1896 14 Her® JF823987.1
O. felineus Rivolta, 1884 Blanchard, 1895 14 Het® MF077357.1
Bucephalus minimus (Stossich, 1887) Nicoll, 1914 14 Het’ -
B. australis (Szidat, 1961) Yamaguti, 1971 14 Het’ -
Monascus filiformis (Rudolphi, 1819) Looss, 1907 18 HeT’ -
Cercaria longicaudata Tang, 1990 16 Het’ -
Bacciger bacciger (Rudolphi, 1819) Nicoll, 1914 12 Het’ -
MACROSTOMORPHA
Macrostomum lignano Ladurner, Schérer, Salvenmoser, & 8 Het® FJ715306.1
Rieger, 2005
ACOELOMORPHA (BHewHsA rpynmna)
Hofstenia miamia Correa 1960 - - AM701817.1

IIpumeuanue: 1 — nosryueHsl HaMmy; 2 - Joffe et al., 1996; 3 - Tasaka et al., 2013; 4 - Bombarova et al., 2009; 5 - Hirai et al.,
2000, Hirai, 2014; 6 - Zadesenets et al., 2012; 7 - Garcia-Souto and Pasantes, 2015; 8 - Zadesenets et al., 2016; 9 - Spakulové et

al., 2019. Tupe o3HavYaT OTCYTCTBUE MH(MOPMAIUU.

FamougHbll HabOp y HUX OAWHAKOB U COCTaBJIAET
15 xpomocomMm, uTto ObIO Mmoka3aHo T. M. YMBLIUHOM
B 70-pix romax (Ywmeuiuaa, 1973; 1976; 1977). U3
pucyHka 1 BugHo, yto moBTOpHl TTAGGG mnpucyt-
CTBYIOT He TOJIBKO Ha KOHIIaX, HO ¥ BHyTPU XPOMOCOM,
YTO TOBOPUT 0 Hajuuuu ITS y aHamu3upyeMsix BUIOB.
[Ipu stom y Buaa B. guttata oHU pacnojaramTcsa B
oaHoit xpomocome (Puc. 1 ¢, d), a y Buma B. variegata
ITS, BepoATHO, OHM pacnoJyiaralTcsA Ha ABYX pa3HBIX
xpomocomax (Puc. 1 h).

3.2. dunoreHeTnuecKu aHanus BupoB U ITS

Juia npoBeneHusa GUIOreHeTUYecKOro aHaInsa
OBLIM MOJTy4YeHBbl HYKJIEOTUHBIE IOCJIe/I0BAaTEIbHOCTU
reHa 18S pPHK s B. guttata v B. variegata, [Jisl ApyTUX
BUJIOB ILJIOCKHX 4YepBell NOoCJIef0BaTEIbHOCTH 3TOTO
reta ObLIM B3ATH 13 0a3bl faHHBIX GenBank (Ta6iuiia
1). JniuHa aHaJIMU3UupPyeMBIX PEeriuoHOB IOCJie BBIpaB-
HUBaHUA cocTaBmwyia okosio 2000 mH. 655 mHpOpMa-
TUBHBIX caiiTa ObLJIO BHIABJIEHO. B obenx mporpamMmax



Koponesa A.I" u dp. / Limnology and Freshwater Biology 2024 (1): 1-13

MrBayes 3.2.7 u MEGA7 ObUIM MOJIy4YeHBI J€PEBbs B. guttata

cxoxell Tomosioruu. Ha pucynke 2 mpefcraBjeHO
duoreHeTrueckoe aepeBo, nojydyeHHoe B MrBayes. B
1[eJIOM TpeJICTaBUTeIM Pa3HBIX OTPSANOB KJlacTepusy-
I0TCSI B OTJieJIbHBIE KJIaJIbl C BBICOKOM CTATHCTHUYECKOM
MOAAEPXKKOM, TpeAcTaBuTesb Macrostomorpha oGpa-
3yeT OTJieJIbHYI0 BEeTBb, HapsAy C BHeIIHel Tpynmnoi
Hofstenia miamia.

4. 06cy)xpeHue U BbIBOAbDI
4.1. ITS y napa3uTUYECKUX U
CBO6OAHOXHBYLHUX NAOCKUX uepBen

B 3BOMIONMM HEKOTOPHIX TPYMN KUBOTHBIX
BHYTpU- WM MEXXPOMOCOMHBIE IIEPECTPOMKU, a
TakXe reHOMHbBIE MyTaI[UM ChITPAJI PEMIAOIIyI0 POJib
(Trifonov et al., 2012; 2016; Dehal and Boore, 2005). B
CBSI3U C OTUM, OTCJIEXUBAHUE TaKUX MapKepoOB XPOMO-
COMHBIX MyTauuii Kak ITS mo3BoJisieT OlleHUTh BKJIA[
XPOMOCOMHBIX TIEPECTPOEK B BU00Opa3oBaHMUe.

B 5BOJIIOIUM TIJIOCKHUX YepBel TakXke MPOHCXO-
JUIM MHOTOYMCJIEHHBIE MPeobpa3soBaHUA KapHOTHUIIA.
Takke KaK B cjIyuyae HEMAaTOJ U JPYTUX THUIOB Gecrio-
3BOHOYHBIX XMBOTHBIX (Stein et al., 2003; Ghedin et
al., 2007; Dubinin et al., 1936), oA TJIOCKUX YepBeN
OTMeueH 3HAYUTEbHBIN BKJIAJ, BHYTPUXPOMOCOMHBIX
nepectpoek (Swain et al., 2011), 4TrO, BEpPOATHO,
CBsI3aHO C TIPUCYTCTBUEM B UX TeHOMe GOJIBIIIOTO KOJIU-
YecTBa MOBTOPSIOIINUXCS MOCJIeI0BATEIbHOCTEN, B TOM
uyncyie LTR perpoasiementoB (Grohme et al., 2018).
Jannple no ITS mosydeHbl Ajia HeOOJBIIOTO YHCJIA
MpeJICTaBUTEJIEN pa3HBIX OTPAA0B/KJaccoB (Tabsuia

Puc.1. TenomepHsle curHajbsl (pO30BBEII) B MeHOTHYe-
CKHX XpoMocoMmax O0alKaJbCKUX IUIaHApUH (XPOMOCOMBI
okpatieHsl DAPI, cuHuii): a, e — BHEIIHUH BU/T YepBel, IIKajia
1 cm; b, f — 15 map xpomocom; ¢, d, g h — FISH noka3seiBaeT

1). Ucxoas w3 9TUX AAHHBIX, MOXHO cJieJIaTh BBIBOJ O
TOM, 4TO AJIA XPOMOCOM 3THX KUBOTHHIX ITS He xapak-
TEpPHBl, KaK U JUIA APYyrux Oeclo3BOHOYHBIX. PaHee

TesioMepHble oBTOpEl TTAGGG y B. guttata u B. variegata.
CrpeJsiku yKasbplBaloT Ha xpoMocoMbl ¢ ITS. XKenteiMu 3Be3-
aoukamu otMmedeHsl ITS. HeckobKO XpOMOCOMHBIX HaOOpOB

TOJIBKO y TMApa3UTUYECKUX I[UIOCKUX YepBell ObLIn TOKA3aHO HA PHUCYHKe d.

obHapy>xensl ITS (Hirai, 2014; Spakulova et al., 2019).
O6napyxenue ITS B IOJIOBBIX XpOMOCOMAax apa3uToOB,
B JJaHHOM cCJIy4ae IIKHCTOCOM, CBA3aHO C HECKOJIbKUMU

Hofstenia miamia

Macrostomum lignano

lBaikalobia variegata . .
0.78 E Baikalobia guttata Tricladida
1 Polycelis tenuis
Dugesia ryukyuensis
Paradiplozoon hemiculteri
Caryophyllaeides fennica
Caryophyllaeus laticeps
Atractolytocestus huronensis
Nippotaenia mogurndae
0.99 — Schistosoma haematobium
Schistosoma mansoni
Schistosoma japonicum
Schistosoma sinensium
1 Clonorchis sinensis
Metorchis orientalis
1| Metorchis xanthosomus
Metorchis bilis
Opisthorchis viverrini
Opisthorchis felineus

Monogenea

Cestoda

Trematoda

P
01

Puc.2. ®usnoreHeTnyeckoe AepPeBO, PEKOHCTPYWPOBAHHOE IO IocjieoBaresibHOCTAM reHa 18S pPHK (MrBayes 3.2.7).
Po30BBIM I1BeTOM BBIIesIeHB! BUAB ¢ ITS. CnpaBa npuBefieHB Ha3BaHUA OTPAAOB. B y3jiax ykasaHbl 3HaUeHUs alloCTEPHOPHOM
BeposATHOCTHU. [IIkajia JeMOHCTPUPYET r'eHeTUYeCcKre pacCTOSHUA.
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VHBEpPCUsAMHU W rerepoxpomarusanueii (Hirai et al.,
2012; Hirai, 2014). Iloasnenue ITS y Hux ObLI0 acco-
LIUMPOBAHO C PpaclIpOCTpaHEHWEM JTUX [apa3UTOB
u3 A3uu B AQpuUKy U ¢ MocJieAyHIM BUI000pa3o-
Banuem (Hirai, 2012). CToUT OTMETUTh, YTO IIKCTO-
COMBI UMEIOT YHUKAJIbHYI0 cpefu repMadpoauTHBIX
TpeMaToJ CUCTeMy olpejesieHus noja (ZZ cawmer,
ZW caMKa), 1 UMEHHO I10JIOBble XPOMOCOMEI IIOJIBEP-
IJINCh 3HAQUUTEJIbHOM peopraHusaluu B Ipolecce
SBOJIIOLIUM 3TOT0 poAda, O yeM cBupaeTeabcTBYIOT ITS.
Balikajbpckue mjaHapuy, TakkXe KakK U OOJIbIIMHCTBO
IJIOCKUX YepBel, ABJAITCA repMadpoautamMud U He
UMeIOT OTAeJIbHBIX TroHocoM. O[HaKo NOsBJIeHUE Y
npefcraBuTesiell pofga Baikalobia ITS (Puc. 1) Takxe
MOTJIO CONPOBOXJaTh BHUAOOOpasoBaHue. Y CBOOOI-
HOXUBYIIMX IUJIOCKUX YepBell YacTO BCTPEvyarnTCA
reHOMHbIe MyTalllH, CBSI3aHHBIE C U3MEHEHHEeM YHCIIa
xpoMocoM. OHM MOT'YT HOCHUTH CJIYYAHHBIN Xapakrep,
Kak B ciayuyae Makpoctomopdsl Macrostemum lignano,
Yy KOTOPOM OBLI OTMEYeH BBICOKUH MPOLEHT aHEeyILIo-
unoB (Zadesenets et al., 2016). B ciyuae miaHapuii
OBLT BBISIBJIEH AQAAlTUBHBIN XapakTep W3MeHEHUs
YHcJia XpOMOCOM: C YBEJIMYEHHEM IIHUPOTHI OOUTAHUS
YHCJI0 XPOMOCOM Takxke yBenauuuBasioch (Lorch et al.,
2016). B 1O xe Bpewms, U3MEHEHHE YKCJa XPOMOCOM
B IIpoIlecce DSBOJIIOIMU IJIAHAPUN COTPOBOXIAJIO
BUA00Opa3oBaHue, Hampumep B pofe Bdellocephala,
B TOM 4uCJie cpefu OailkaJbCKUX MpefCcTaBUTeseH
(YmbutnHa, 1971; Kysuemesnos u ap., 2000; Novikova
et al., 2006). [Ipy1 3TOM MPOUCXOAWIN U HU3MEHEHUs
B MOpP(OJIOTUM XPOMOCOM, YTO YKA3hIBAET HA 3HAYH-
TEJIbHYI0 PeopraHu3anuio reHoma. Balikasibckue 3He-
MUYHBIe [JITAHAPUU UMeEI0T, KakK Npasuiio, 30 XxpoMocoM
¢ mpeoOJialaHMEM B KapUOTHUIIE METAaleHTPUKOB U
cybmerarnienTpukoB (YwmbummHa, 1973, 1976, 1977).
CTabuJIBHOCTh YMCJIa XPOMOCOM U PeOKOCTb TeJIOLleH-
TPUYECKUX U AKPOIEHTPUYECKUX XPOMOCOM Y 3TOU
OYeHb Pa3HOOOPaA3HON B MOP()OJIOrMYEeCKOM U 3KOJIO-
TAYeCKOM ILJIaHe TPYIIIbI TPUKJIAJ MOXeT YKa3blBaTh
Ha npeoOJiafjlaHue B MPOILeCCe IBOJIIOIUN X T€HOMOB
BHYTPUXPOMOCOMHBIX WU3MEHEeHUH, KaK U y JPYyrux
iockux yepBeil. K coxasieHHio, Mbl He 3HAaeM, UMeJT
a1 o6 TpefoK Bcex Oaiikanbckux Tpukian ITS B
XpPOMOCOMAaxX WJIM OHU MOSIBUJIUCH TOJIBKO B IpoIecce
SBOJIIOI[HN OTOeJIbHON BeTBU Baikalobia.

4.2. ITS " PUNOreHHA NAOCKHUX YepBeH

B camom Hauajie 5BOJIIOIMM IUJIOCKUX YepBel
[IPOM30LLIO BaXHOe COOBITHE, CBS3aHHOE C IOTeper
neHtpocoMm (Azimzadehetal., 2012). 3To comyTCTBOBAJIO
BO3HMKHOBEHUIO HECKOJIBKUX T'PYHI IJIOCKUX 4YepBeli,
KOTOpBHIe ceffuac 00beAUHAIOT B TAKCOH Acentrosomata.
OH BkJiovaeT 4etsipe otpsanga Tricladida, Fecampiida,
Prolecithophora, Bothrioplanida u Tpu kiacca napas-
nTudeckux depsell Monogenea, Cestoda u Trematoda
(Egger et al., 2015; Collins, 2017). ITS 6bLTH BBISBJIEHEI
y npexncrasutesieil Tricladida, Trematoda u Cestoda,
HO OTCYTCTBOBAJIM ¥ HCCJIEIOBAHHBIX IIpe/icTaBUTeN el
apyrux Acentrosomata, a TakXe y JOBOJIbHO JajleKoM
kiagel Macrostomorpha (Puc. 2), 4To ykasbiBaeT Ha
He3aBHCHUMOCTb IIyTel, IpUBeAIINX K nosasjeHuto ITS
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y CBOOOJHOXHUBYIIMX U TAPA3UTUYECKUX IIJIOCKUX
yepBell. BHyTpu oTpsga Tricladida y nmpencraBureneit
nByx ceMmerictB Planariidae m Dugesiidae ITS otcyT-
CTBYIOT, HO MOABJIAIOTCA B ceMmelicTBe Dendrocoelidae
cpenu Gatikanbckux sHAeMukoB (Puc.1). B Baiikase
BCTPEYAIOTCSA NMPeICTaBUTEJIN TOJIHKO 3TOI'0 CeMeCTRa.

JanbHeiimee unccnenosanue ITS y npexncrasu-
Tejien cemerictBa Dendrocoelidae nmomoxkeT nMoHATH, Ha
KaKOM 3Talle 3BOJIIOLUY IPOU30LLTIA PeopraHu3alusa
reHoMa, NpuBefmas K mnospieHuio ITS, u 610 U
3TO 0COOEHHOCTHIO HAKAJIBCKUX SHAEMUKOB MJIN BCEX
JIeHIpOLIeJIH/I.
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The detection of three species complexes
similar to Diacyclops galbinus, D. versutus
and D. improcerus (Copepoda: Cyclopoida)
from Lake Baikal

Mayor T.Yu.*", Zaidykov I.Yu.”, Kirilchik S.V.

Limnological Institute Siberian Branch of the Russian Academy of Sciences, Ulan-Batorskaya Str., 3, Irkutsk, 664033, Russia

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.

Keywords: Baikal, Diacyclops, Cyclopoida, biodiversity, endemic species

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

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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languidoides-group. Diacyclops inhabit from interstitial
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

© Author(s) 2024. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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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 v Date Locality | Coordinates |Depth, |Substrate (Morpho-| ITS NCBI accession numbers
4 m l‘ag‘tcal length | cormepNa | 125 ITS1
atd 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, A - 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** ¢ 04.2018 | Listvyanka | 51°52.022’ N [0.3-0.5| stones 4 - 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 - - - aF - MT176790 - -
Koty
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ID v Date Locality Coordinates |Depth, | Substrate | Morpho-| ITS NCBI accession numbers
a m l(:igltcal 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 | MT020871 | MK207047
Goloustnoye | 105°23.514’ E sand
BK21 ¢ 04.06.2018| Bolshiye 51°54.114’ N |0.3-0.5| stones, + 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 - S - MT176795 | MT020876 -
Olchonskiye | 106°54.008’ E
Vorota
MM3 g 23.12.2018 Malye 53°01.073’ N 0.5 - + - MT176796 - -
Olchonskiye [ 106°54.008’ E
Vorota
r2 | ¥ [31.05.2021 Bolshiye | 51°54.128’ N 6 stones 4 314 - - OR502812
Koty 105°06.168’ E
F96 g 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 g 26.09.2022| Arul cape | 53°27.855’ N 10 stones, - - - - OR502820
107°33.192’ E sand
F112-3 g 26.09.2022| Arul cape | 53°27.855’ N 10 stones, 3 - - - 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, I - - - 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 4 - - - OR502800
103°46.486’ E
F116-2 ¢ 17.09.2022| Angasolka |51°43.6301’N| 20 sand + - OR501221 - OR502801
103°46.486’ E
F120 ¢ 25.09.2022| Nizhniy 54°21.47’ N 15 stone + 330 - - OR502803
Kedroviy 108°30.4’ E
F130 ¢ 26.09.2022| Arul cape | 53°27.962’ N 30 - + 300 - - OR502804
107°33.999’E
F135-1 ¢ 16.09.2022| Ulanovo |51°47.7913’N| 30 sand + 303 - - OR502805
104°31.515’ E
F135-2 g 16.09.2022| Ulanovo |51°47.7913’N| 30 sand + 325 - - OR502806
104°31.515’ E
F136-1 g 17.09.2022| Angasolka |51°43.6301°’ N 5 sand 3 320 - - 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 s 328 OR506693 - OR502810
104°31.515’ E
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ID v Date Locality Coordinates |Depth, | Substrate | Morpho-| ITS NCBI accession numbers
é m l(:igltcal length| cormepna | 128 ITS1
ata rRNA rRNA
F156-3 g 16.09.2022| Ulanovo |51°47.7913’N 10 sand + OR506691 OR502817
104°31.515’E
F191-1 ¢ 27.04.2023| Bolshiye |51°53.5859’ N 1 stones, - 333 - OR502811
Koty 105°03.502’ E sand
F191-3 g 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, + - -
Koty 105°03.502’ E sand
F191-5 g 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, aF - -
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 Bilintzow, 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 % /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
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magnesium, 0.5 uM of each primer, 0.2 mM of each
dNTP, 0.5 units of Encyclo DNA polymerase, and 2 pl
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
15s, 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, 128, 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/ | LAl/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 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
Fo6 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
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

99

D. konstantini

xg\ae®

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, IT) 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 (VI), 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, Tl 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

roup
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IAS/ 7
. sp. (VIG)
® .05
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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
396

Vil

BG.

— F156-3, MM3, F193

—— 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

VIl

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 um.
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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

Xl 366

- [193, F156-2, F156-3
366, VIG2

VI

D. sp. (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

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 um; 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
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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
366

= Fi D16, 366, aVIG2

b VIG2, D16

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 um.
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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; Hotynska 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; Véinola 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; Schoén
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 128 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.

Acknowledgments

We thank A.P. Fedotov (LIN SB RAS), L.V.
Sukhanova (LIN SB RAS), S.V. Usov (LIN SB RAS),
A.G. Luchnev, and E. Safonov for sample collection.
We are grateful to E.B. Fefilova (Institute of Biology,
Komi Scientific Centre UB RAS), to M. Hotynska
(Museum and Institute of Polish Academy of Sciences)
and to J.P. Sapozhnikova (LIN SB RAS) for their
valuable consultations and translation assistance. This
study was performed in the Framework of The State
Assignment No. 0279-2021-0005 (121032300224-
8). The nucleotide sequences using a Nanophor 05
genetic analyzer (Sintol, Russia) and CLSM study was
performed at the Instrumentation Center “Electronic
Microscopy” of the Collective Instrumental Center
“Ultramicroanalysis” (LIN SB RAS).

28

Conflict of interest

The authors declare no conflicts of interest.

References

Alekseev V.A., Arov L.V. 1986. A New cyclopoid of the
genus Diacyclops (Crustacea, Copepoda) from a costal zone of
Lake Baikal. Zoologicheskiy Zhournal 65(7): 1084-1088

Bouckaert R., Heled J., Kiihnert D. et al. 2014. BEAST
2: A Software Platform for Bayesian Evolutionary Analysis.
PLoS Computer Biology 10: e1003537. DOI:10.1371/journal.
pcbi.1003537

Boxshall G.A., Evstigneeva T.D., Clark P.F. 1993. A New
Interstitial Cyclopoid Copepod from a Sandy Beach on the
Western Shore of Lake Baikal, Siberia. Hydrobiologia 268:
99-107. DOI:10.1007/BF00006880

Boxshall G.A., Halsey S.H. 2004. An Introduction to
Copepod Diversity. Ray Societ

Darriba D., Taboada G.L., Doallo R. et al. 2012. jModelTest
2: More Models, New Heuristics and Parallel Computing.
Nature Methods 9: 772. DOI:10.1038/nmeth.2109

Fefilova E., Popova E., Mayor T. et al. 2023.
Morphological and Genetic Identification of Harpacticella
Inopinata (Harpacticoida, Copepoda) from Lake Baikal and
the Yenisei River (Russia). Inland Water Biology 16: 863-872.
DOI:10.1134/5S1995082923050061

Flossner D. 1984. Two new species of the genera
Acanthocyclops and Diacyclops (Crustacea, Copepoda)
from Lake Baikal. Limnologica (Berlin) 15 (1): 149-156. (in
German)

Folmer O., Black M., Hoeh W. et al. 1994. DNA Primers
for Amplification of Mitochondrial Cytochrome c Oxidase
Subunit I from Diverse Metazoan Invertebrates. Molecular
Marine Biology and Biotechnology 3: 294-299

Hammer O., Harper D.A.T., Ryan P.D. 2001. PAST:
Paleontological Statistics Software Package for Education and
Data Analysis. Palaeontologia Electronica 4(1):1-9

He L., Zhou Z., Huang Y. et al. 2023. Evolutionary
Rates Divergence Rates and Performance of Individual
Mitochondrial Genes Based on Phylogenetic Analysis of
Copepoda. Genes 14:1496.DOI:10.3390/genes14071496

Hotyniska M., Stugocki I., Ghaouaci S. et al. 2021.
Taxonomic Status of Macaronesian Eucyclops Agiloides
Azorensis (Arthropoda: Crustacea: Copepoda) Revisited
-Morphology Suggests a Palearctic Origin. European Journal
of Taxonomy 750:1-28.D01:10.5852/¢jt.2021.750.1357

Huys R., Boxshall G.A. 1991. Copepod Evolution. The
Ray Society. Nat. Hist. Mus. London.

Karanovic T. 2006. Two New Genera and Three New
Species of Subterranean Cyclopoids (Crustacea Copepoda)
from New Zealand with Redescription of Goniocyclops
Silvestris Harding 1958. Contributions to Zoology 74. 223-
254. DOI:10.1163/18759866-0740304002

Karanovic T., Bldha M. 2019. Taming Extreme
Morphological Variability through Coupling of Molecular
Phylogeny and Quantitative Phenotype Analysis as a
New Avenue for Taxonomy. Scientific Reports 9:2429.
DOI:10.1038/s41598-019-38875-2

Karanovic T., Grygier M., Lee W. 2013. Endemism
of Subterranean Diacyclops in Korea and Japan with
Descriptions of Seven New Species of the Languidoides-Group
and Redescriptions of D. Brevifurcus Ishida 2006 and D.
Suoensis Ito 1954 (Crustacea Copepoda Cyclopoida). ZooKeys
267: 1-76. DOI:10.3897/zookeys.267.3935

Karanovic T., Krajicek M. 2012. First Molecular Data on
the Western Australian Diacyclops (Copepoda Cyclopoida)
Confirm Morpho-Species but Question Size Differentiation




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

and Monophyly of the Alticola-Group. Crustaceana 85: 1549-
1569. DOI:10.1163/156854012X651709

Kochanova E., Nair A., Sukhikh N. et al. 2021. Patterns
of Cryptic Diversity and Phylogeography in Four Freshwater
Copepod Crustaceans in FEuropean Lakes. Diversity 13.
DOI:10.3390/d13090448

Kumar S., Stecher G., Li M. et al. 2018. MEGA X: Molecular
Evolutionary Genetics Analysis across Computing Platforms.
Molecular Biology Evolution 35:1547-1549. DOI:10.1093/
molbev/msy096

Letunic I, Bork P. 2021. Interactive Tree Of Life
(iTOL) v5: An Online Tool for Phylogenetic Tree Display
and Annotation. Nucleic Acids Research 49:W293-W296.
DOI:10.1093/nar/gkab301

Li G.Q., Hu Y.L, Kanu S. et al. 2003. PCR Amplification
and Sequencing of ITS1 rDNA of Culicoides Arakawae.
Veterinary Parasitology 112:101-108.DOI:10.1016/S0304-
4017(02)00409-0

Luo A., Ling C., Ho S.Y.W. et al. 2018. Comparison of
Methods for Molecular Species Delimitation Across a Range
of Speciation Scenarios. Systematic Biology 67: 830-846.
DOI:10.1093/sysbio/syy011

Machida R.J., Miya M.U., Nishida M. 2002. Complete
mitochondrial DNA sequence of Tigriopus japonicus
(Crustacea: Copepoda). Marine Biotechnology 4: 406-417.
DOI:10.1007/510126-002-0033-x

Mayor T., Sheveleva N., Sukhanova L. et al. 2010.
Molecular-Phylogenetic Analysis of Cyclopoids (Copepoda:
Cyclopoida) from Lake Baikal and Its Water Catchment Basin.
Russian Journal of Genetics 46: 556-1564. DOI:10.1134/
§$102279541011013X

Mayor T., Zaidykov L., Kirilchik S. 2019. Morphological
and Genetic Polymorphism of New Diacyclops Taxonomic
Group from Lake Baikal (Copepoda: Cyclopoida). Limnology
and  Freshwater Biology. DOI:10.31951/2658-3518-
2019-A-1-163

Mayor T.Yu., Galimova Yu.A., Sheveleva N.G. et al.
2017. Molecular Phylogenetic Analysis of Diacyclops and
Acanthocyclops (Copepoda: Cyclopoida) from Lake Baikal
Based on COI Gene. Russian Journal of Genetics 53: 252-258.
DOI:10.1134/51022795417020041

Mazepova G.F. 1978. Cyclopoids of Lake Baikal. Nauka:
Novosibirsk. (in Russian)

Michels J., Biintzow M. 2010. Assessment of Congo Red asa
Fluorescence Marker for the Exoskeleton of Small Crustaceans
and the Cuticle of Polychaetes. Journal of Microscopy 238:
95-101. DOI:10.1111/7.1365-2818.2009.03360.x

Minh B.Q., Schmidt H.A., Chernomor O. et al. 2020. R. IQ-
TREE 2: New Models and Efficient Methods for Phylogenetic
Inference in the Genomic Era. Molecular Biology and
Evolution 37:1530-1534. DOI:10.1093/molbev/msaa015

Monakov A.V. 1998. Feeding of Freshwater Invertebrates;
Moscow: Printing house of the Russian Agricultural Academy.
(in Russian)

Monchenko V.I. 2003. Free-living Cyclopean copepods of
the Ponto-Caspian Basin; Kiev:Naukova dumka. (in Russian)

Monchenko V.I. 1974. Gnathostoma Cyclopoida
Cyclopidae. Fauna of Ukraine. Kiev: Naukova dumka. (in
Ukrainian)

Monchenko V.V., Klein J.C. 1999. Oligomerization
in Copepoda Cyclopoida as a kind of orthogenetic
evolution in the animal kindom. Crustaceana 72: 241-264.
DOI:10.1163/156854099503320

Monchenko V.I. 2000. Cryptic species in Diacyclops
bicuspidatus  (Copepoda:Cyclopoida):  evidence from
crossbreeding studies. Hydrobiologia 417: 101-107.
DOI:10.1023/A:1003811606429

Moskalenko V.N., Neretina T.V., Yampolsky L.Y. 2020.
To the origin of Lake Baikal endemic gammarid radiations

29

with description of two new Eulimnogammarus spp. Zootaxa
4766 (3):zootaxa.4766.3.5. DOI: 10.11646/zootaxa.4766.3.5

Novikov A., Fefilova E. 2021. Morphology of the
Cephalothorax Integument of Bryocamptus Pygmaeus
(Copepoda: Harpacticoida: Canthocamptidae) Based on a
New Research Method. Zoosystematica Rossica 30:320-330.
DOI:10.31610/zsr/2021.30.2.320

Pentinsaari M., Vos R., Mutanen M. 2017. Algorithmic
Single-Locus Species Delimitation: Effects of Sampling Effort
Variation and Nonmonophyly in Four Methods and 1870
Species of Beetles. Molecular Ecology Resources 17: 393-404.
DOI:10.1111/1755-0998.12557

Pesce G.L. 1994. The genus Diacyclops Kiefer in Italy: a
taxonomic ecological and biogeographical up-to-date review
(Crustacea Copepoda Cyclopidae). Arthropoda Selecta 3(3-
4):13-19

Phillips R.B., Matsuoka M.P., Konon I. et al. 2000.
Phylogenetic Analysis of Mitochondrial and Nuclear
Sequences Supports Inclusion of Acantholingua Ohridana
in the Genus Salmo. Copeia 2: 546-550 DOI:10.1643/0045-
8511(2000)000[0546:PAOMAN]2.0.CO;2

Puillandre N., Brouillet S., Achaz G. 2021. ASAP: Assemble
Species by Automatic Partitioning. Molecular Ecology
Resources 21: 609-620. DOI:10.1111/1755-0998.13281

Reid J.W., Strayer D.L. 1994. Diacyclops dimorphus
a new species of copepod fom Florida with comments on
morphology of interstitial cyclopinae cyclopids. Journal of
the North American Benthological Society 13(2): 250-265

Rozas J., Sdnchez-DelBarrio J.C., Messeguer X. et al. 2003.
DnaSP DNA Polymorphism Analyses by the Coalescent and
Other Methods. Bioinformatics 19: 2496-2497. DOI:10.1093/
bioinformatics/btg359

Rylov V.M. 1948. Cyclopoida of freshwater. In Fauna of
the USSR. Crustacea (in Russian)

Schoén 1., Pieri V., Sherbakov D.Y. et al. 2017. Cryptic
Diversity and Speciation in Endemic Cytherissa (Ostracoda,
Crustacea) from Lake Baikal. Hydrobiologia 800: 61-79.
DOI:10.1007/5s10750-017-3259-3

Shaburova N.I. 2010. Biodiversity and zoogeography
of Rotifera, Branchiopoda and Maxillopoda of Lakes Sagan
Maryan and Shartlinskoye (The State Nature Reserve Baikalo-
Lenskyi). In The second interregional scientific-practical
conference, devoited to the 10th anniversary of the the
Tigirek State Natural Reserve establishment, Russia. Mountain
ecosystems of Southern Siberia: study, conservation and
rational nature use. Proceeding of the Tigirek State Natural
Reserve 3: 215-219. (in Russian)

Sheveleva N.G., Mirabdulaev .M., Ivankina E.A. et al.
2012. The species composition and ecology of Cyclopoids in
Lake Baikal. In: International Conference “Actual problems
of studying of the Crustaceans of continental waters“, Borok,
Russia, November 5-6, 2012; Kostroma Printing House:
Kostroma

Sheveleva N.G., Proviz V.I., Lukhnev A.G. et al. 2013.
Biology of the coastal zone of Lake Baikal. Part 4. Taxonomic
diversity of the benthic fauna in the splash zone of Lake Baikal
(in the vicinity of Berezovy Cape — Bol’shye Koty Bay) Izvestia
Irkutskogo Gosudarstvennogo Universiteta. Seria “Biologia.
Ecologiya” 2: 132-143

Sheveleva N., Timoshkin O., Aleksandrov V. et al.
2010. A New Psammophilic Species of the Genus Diacyclops
(Crustacea: Cyclopoida) from the Littoral Zone of Lake Baikal
(East Siberia). Invertebrate zoology 7: 47-54, DOI:10.15298/
invertzool.07.1.03

Sheveleva N.G., Mirabdullaev I.M. 2017. Redescription of
the Female and the First Description of the Male of Diacyclops
Arenosus (Mazepova 1950) (Copepoda, Cyclopoida) from Lake
Baikal. Zoologicheskii Zhournal 96: 631-640. DOI:10.7868/
S0044513417060095




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

Sukhikh N., Abramova E., Holl A. et al. 2020. Comparative
Analysis of Genetic Differentiation of the E. Affinis Species
Complex and Some Other Eurytemora Species, Using the
CO1, nITS and 18SrRNA Genes (Copepoda, Calanoida).
Crustaceana 93: 931-955. DOI:10.1163/15685403-bjal0074

Timoshkin O. 2001. Index of animal species inhabiting
Lake Baikal and its catchment area Lake Baikal. In Diversity of
Fauna, Problems of Its Immiscibility And Origin,Ecology and
“Exotic” Communities; Timoshkin O.A.;. Nauka: Novosibirsk.
(in Russian)

Viinola R., Kamaltynov R.M. 1999. Species diversity
and speciation in the endemic amphipods of Lake Baikal:
molecular. Crustaceana 72: 945-956

30

Zagoskin M.V., Lazareva V.I., Grishanin A.K. et al. 2014.
Phylogenetic Information Content of Copepoda Ribosomal
DNA Repeat Units: ITS1 and ITS2 Impact. BioMed Research
International: €926342. DOI:10.1155/2014,/926342

Zhang J., Kapli P., Pavlidis P. et al. 2013. General Species
Delimitation Method with Applications to Phylogenetic
Placements. Bioinformatics 29: 2869-2876. DOI:10.1093/
bioinformatics/btt499




Limnology and Freshwater Biology 2024 (1): 14-47 DOI:10.31951/2658-3518-2024-A-1-14

OpuruHanbHan cTaTbA

O6Hapy)xeHue Tpex BUAOBbIX KOMNAEKCOB,

6An3kux no mopdonorumn Kk Diacyclops LIMNOLOGY
: ) FRESHWATER

galbinus, D. versutus n D. improcerus BIOLOGY

(Copepoda: Cyclopoida), u3 o3epa bamkanh — — —

Mariop T.}O.*", 3angeikoB U.10.", Kupuipuuk C.B.

JIumHostozudeckutl uHcmumym Cubupckozo Omdenenus Poccutickoti Akademuu Hayx, yit. Ynan-Bamopckaa, 3, Hpkymck, 664033, Poccua

AHHOTAILIUA. Cyclopoda npeficTaBiiAo0T pa3sHOOOpa3Hyo I'PyNIly pakooOpa3HbIX, OOUTAIIINX B 03€pe
Batikan. Cpenu HUX HauboJjiee Gorat BHAAMHU U BeICOKO3HAeMuueH pop Diacyclops Kiefer, 1927. (A
Tpex 0aliKaJIbCKUX BUIIOB AAaHHOTO pofa, D. improcerus, D. galbinus u D. versutus, XapakTepHa BhICOKasd
UHAWBYAyaJbHasA Mopdosiorniyeckasd W3MEHUYHMBOCTb TakuM o00pa3oM, BO3HHKAET BOIPOC, BCE JIU
ocobu, oTHeceHHBIe K D. versutus, D. galbinus wnu D. improcerus pyuHajiexaT K 5TUM Bugam? MoJte-
KYJIAPHBINA 1 MOP(OJIOTUYECKUIT aHAIM3bI ObLTU MpoBeAeHb! Ay Diacyclops u3 o3epa Batikasi, KOTopbie
mo mMopdoJstoruu cxoxu ¢ D. improcerus, D. galbinus u D. versutus. AHaIV3 AaHHBIX IO TPEM MOJIEKY-
asapHeIM MapkepaM MT/IHK (COI, 12S) u snepHoii JTHK (ITS1) mo3BoynI BELABUTH TPU KJIacTepa, COOT-
BETCTBEHHO pasfeJIeHnI0 0co0ell Ha TpU IPymibl o MOpdoJIornyeckuM nprusHakaM. Kaxaplil kiacTep
Npe/iCTaBjeH HECKOJIbKUMU TFeHeTHYeCKMMH JIMHUAMM. MBI IIpeArnoJiaraeM, 4TO 3TO TPU KOMILJIEKCa
6JIM3KOPOJICTBEHHBIX BUJIOB: improcerus-, galbinus-, v versutus-rpynmsl. MeTo/ TJIaBHBIX KOMIIOHEHT Ha
OCHOBe MOPGOMETPUYECKUX MHAEKCOB, IIMPOKO KUCIIOJIb3yeMbIX B TakcoHomuu Cyclopoida, orpanuien
B pa3fieJieHnu OJIN3KOPOACTBEHHBIX BUAOB BHYTPU AAHHBIX KOMIJIEKCOB. B paboTe mpuBeAeHbl MUKPO-
doTorpadun u puCyHKH YeTBEPHOU MapHI IJIaBATEIbHBIX HOT (P4) 11 aHTEeHH 0cO0el pa3HbIX TeHeTHYe-
CKUX JIMHUU Vversutus- U improcerus-rpyni. OTMeueHbl 3HaUuTeJIbHbIe OTJINYKA B OpaHMEHTAIN KOKCO-
MIOAWTA M COEAVHUTESIbHON ITacTUHKYU P4 1 6a3unoguta aHTeHHH y 0co0ell 13 pa3HbIX reHeTHUeCcKUuxX
JIMHUN.

Kimoueawie ctosa: o3epo Batikasn, Diacyclops, Cyclopoida, 6nopasHoo6pasue, 3HAEMUYHbIE BUIbI

1. Beeaenue coryiacHo Ileme (1994) uu k rpynne 2 (languidoides)

. corimacHo Petin (1994). [BeHaquaTh SHAEMUYHBIX

Cyclopoida mpencTaBiAiOT OHY U3 CAMBbIX Buz0B Diacyclops umeroT 11-4jieHUCTbIE aHTEHHYJIbI,
Pa3sHo00pa3HbIX I'PYII pakooOpa3HbIX B o3epe balikau, (GOpMyJIy €IEHHCTOCTH IJIABATENbHBIX (IK30MOAUT/
Cleflyss 1O YHMCJIEHHOCTH BHJIOB TOCTIe aMUIOZ, sgpomoguT):  2.2/3.2/3.3/3.3 u  5K30IOAAJIBHYIO
octpaxop u rapnaktunuy (Tumomnrkux, 2001). Cambeivu IeTHHKY HA OA3UIOAUTE AHTEHHe U MPUHALIEXAT
6oraThMu 110 BUJOBOMY COCTaBy CP€IY HUX ABJIAKTCA languidoides-rpyrme. Diacyclops B o3epe 0GUTAIOT B
poast Diacyclops Kiefer, 1927 u Acanthocyclops Kiefer, TeyeHHe KPYIJIOro rofa Ha BCex JIyGMHAX, HAUMHAs
1927. O6a pona TaKCOHOMIHYECKU CJIOXHBIE B CBASH C 30HHI 3aIJIecKa, HO Haubojiee PasHOOOPA3HBI OHU B
¢ uX GJM3KUM POJICTBOM U BBICOKMM Da3HOOGpasHem suTopanu Baiikana Dupemuunsie Diacyclops npezncras-
BUJIOB.  BBINEJIAIOT  HECKOJIBKO ~ MOP(OJIOTHYeCcKUX JIeHbl MHTEPCTUIMAJIbHBIMY, OGEHTOCHBIMUA M CBS3aH-

rpymn cpenu Diacyclops, KOTOpbie paccMaTpHUBaioTCs, HBIMU ¢ Ty6kamu Bugamu (Tumomkus, 2001; Alekseev
Kak BUIOBbIe KoMmiuieKchl (Pesce, 1994; Karanovic, and Arov, 1986).

Krajicek, 2012; Reid and Strayer, 1994). Diacyclops B
o3epe balikan npezcrasyieH 17 BupaMu, K3 KOTOPBIX
15 sagemuku (MasernoBa, 1978; Sheveleva et al., 2012;
Flossner, 1984). Tpu Buna Diacyclops 3 o3epa Baiikau,
u3 KoTopbix D. talievi (Mazepova, 1970) - 3HOEMUK,
npuHaaiexat bicuspidatus-rpynme. J[Ba 3HIEMUYHBIX
Buma, D. eulithoralis Arov, Alekseev, 1986 u D. biceri
Boxshall et al., 1993, oTHOcAT K Virginianus-rpyrre

[MomaBiAlomasa 4acTh OHAEMWYHBIX  BHJOB
Diacyclops 6buta omucana I'.d. MazenoBoir B 1950-
1960-e rr., OTKpHIBIIEN 3Ty pa3sHOOOpPa3HYI0 U BHICO-
kosHAeMuyHyo rpymnmny (Masamnosa, 1978). Ilpunep-
KMBAsACh  TAaKCOHOMMYECKOW  cucTeMbl  PrljioBa
(1948), aBTOp OTHecJa BCce OMMCAaHHBIE BUIBI K POAY
Acanthocyclops. B nociefnyoniyie roasl 6bI0 OMMCAHO
eme 4eTsipe Buaa Diacyclops v mepeomnucaH OAWH BULJ

*ABTOp ISl HEPENUCKU.
Anpec e-mail: tatyanabfo@mail.ru (T.FO. Maiiop)
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Onyb6stukogaua online: 29 despasna 2024 Commons Attribution-NonCommercial 4.0.
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D. arenosus (Mazepova, 1950), obuTtamiux B 03epe
batikaJ (Flossner, 1984; Boxshall et al., 1993; Sheveleva
et al., 2010; Sheveleva and Mirabdullaev, 2017).

OupemuuHsle D. versutus (Mazepova, 1962), D.
improcerus (Mazepova, 1950), D. konstantini (Mazepova,
1962) u cy6angemuunbiii D. galbinus (Mazepova, 1962),
CXOXHU 10 MOPGOJIOTUH U ABJIAIOTCA CUMIIATPUYECKUMU
Bugamu. D. improcerus, D. konstantini u D. galbinus
MIMPOKO PaclpoCTpaHeHkl, TOra Kak D. versutus pesiko
BCTpevaeTcs B OalikayibCKOM JINTOpaibHOM 30He (Mase-
noBa, 1978). D. galbinus u D. improcerus Takxe 0OMUTaOT
B MHTEpCTHUI[MaIN o3epa Batikan. D. galbinus 6611 06Ha-
pyXeH 3a npeneyiamu Baiikana B o3epe [lapTinHCcKoe,
PacIoJIOKeHHOM B CeBepo-3alafgHOM 4acTd Oalikab-
ckoui 6eperosoii tuHuM (Sheveleva et al., 2013; II1a6y-
poBa, 2010).

B omucanuu D. improcerus, D. galbinus u D.
versutus TPUBOAATCA 3HAUMTEJIbHBIE Bapuanuu Mopdo-
JIOTUYECKUX TMPU3HAKOB. TakuM 006pa3oM, BO3HUKaeT
BOIIPOC, BCce JI1 ocobu, oTHeceHHBle K D. versutus, D.
galbinus vy D. improcerus MpyUHAAJIeXaT 3TUM BHUAAM?
I.®. MazenoBa oOOBsCHAJA 3HAUUTEJIbHYI0 WHOVIBU-
OyaJibHyl0 Mop@oJiorudecky BapuabesbHOCTh D.
galbinus i D. improcerus MpOJOJDKAIOUIMMUCA y HUX
rpolieccaMy aKTUBHOTO BHAooOpa3oBaHus (Masemnosa,
1978).

IMepBbie pe3ysbTaThl uccaenoBanus Cyclopoida
u3 o3epa balikayn BBIABWIM HECOIJIAaCOBAaHHOCTH
MOJIEKYJIIDHBIX M MOP(®OJIOTUYEeCKUX HaHHBIX MO
LUKJIONOB, MO0 MopdoJiornu cxoxux ¢ D. versutus, D.
improcerus u D. galbinus. (Matiop u ap., 2017). IIpoa-
HaJIM3MPOBaHHBIE 0COOH LUKJIONOB IO MOJIEKYJIAPHBIM
JaHHBIX BONUIM B (UIOTPYHIBI C HeONpeneeHHBIM

TaKCOHOMUYECKUM cTaTycoM. Ilocnenyrommil aHamn3
I[UKJIONOB, OTHOCSIINXCSA K OAHOU U3 3TUX GUJIOTpyII,
oburaromux B KOxxHom batikase, nokasas, 4To Mopdo-
JIOTUYeCKU U TeHeTHYeCcKH BCe HCCJIeJOBaHHBIE 0CcOo0U
OJIM3KKU MeXAy coboil U, MOo-BUAUMOMY, OTHOCATCS K
HoBoMy Buay D. sp. (VIG2) (Mayor et al., 2019).

B aToil paboTre MBI IIpofoJDKaeM HcCCeqOBaHIe
Diacyclops u3 o3epa Batika, 6su3kux no mopdosioruu
D. versutus, D. improcerus u D. galbinus v D. konstantini,
ucrosib3yss Mopdosiorndeckue U MOJIEKYJIApHBIE
MeTOZBI.

2. MaTtepuanbl 1 MEeTOADI
2.1. C6op maTepuna U TAKCOHOMMHYECKOe
onpepeneHue

Luxnonsl  Obumm  coOpanel B HOxHOM,
LenTpanbHoM u CeBepHOM OacceiiHax o3epa batikas B
2018 - 2023 rr. [IpubpexHbie po6s 0OTOMPATI CAUKOM
c paaMmepoM sA4den cetu 100 Mxm. Bosiee riTry6oKOBOAHEIE
npoOsI (2-30 M) oTOUpaM C MOMOIIBI0 aKBaJIAHTUCTA.
HeckoJibko HUMKJIONOB OBLIN JII00OE3HO NpeI0CTaBJIEHBI
CyxaHnosoii JI.B. u JlyxaessiM A.I'. (JINH CO PAH).
ukiionos ¢ukcupoBaau B 96% sTaHOJIe U XpaHUIIU
mpu - 20°C.

TakcoHOMHUYecKoe  oIpefejieHre  I[UKJIOTOB
[IPOBOJANJIN, WCIOJIb3ys TaKCOHOMUYecKui kiiod I'.O.
MasemnoBoii (1978). B uccjieoBaHUU MCIOJIb30BAJIA
ocobeii, MopdoJIoTuiecKu CXOAHbIX ¢ D. versutus, D.
improcerus, D. galbinus u D. konstantini. Xapaktepu-
cTUKU 0TOOpa NMpob npeacTassieHsl B Tabnune 1.

Ta6smna 1. Xapakrepuctuku ot6opa npo6, NCBI Homepa AocTyna [JiA MOJyYeHHbIX HYKJIEOTHUJHBIX [10CJIeJOBATEIbHOCTEHN
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Howmep = Jara MecTto Koopaunarsi | I'iry- Cy6erpatr |Mopdosio- |JiauHa NCBI HOMep gocTymna
ocobu |<::> orbopa |or6opa npob6 6uHa, ruyeckue | ITS1 coI 125 ITS1
npo6 M nanubie | (m.H.) MIDNA pPHK
BG5** ¢ 28.05.2018 |moc. Bosbmoe| 52°01.352’ N |0,3-0,5 KaMHU + 318 |MK207031 [MT020872|MK207045
TosioyctHOe |105°23.514’ E
84** g 06.2008 |3anuB Kypma | 53°10.114’ N |0,3-0,5 KaMHU - - GUO055755 - -
106°58.424’ E
BG2** ¢ 28.05.2018 |moc. Bospmoe| 52°01.352’ N |0,3-0,5| kaMHU, ITECOK + - MK207029 - -
TonoyctHoe |105°23.514’ E
BG4** g 28.05.2018 |moc. Bospmoe | 52°01.352’ N |0,3-0,5| kaMHM, ITECOK + - MK207030 - -
TonoyctHoe |105°23.514’ E
D10** ¢ 04.2018 moc. Jluer- | 51°52.022’ N [0,3-0,5 KaMHU + - MK207035 - -
BSIHKA 104°49.567’ E
DL ¢ 04.2018 moc. Jlucr- | 51°52.022’ N |0,3-0,5 KaMHU + - MK207037 - MK207051
BSAHKA 104°49.567’ E
BK4** ¢ 04.06.2018 |noc. bospmue| 51°54.114’ N |0,3-0,5| kamHu, 11€COK - 318 |MK207027 |[MT020873|MK207049
Kotsl 105°04.267’ E
266* ¢ - 03. Barikait - - - + 338 |MT176788 |MT020868|MT010631
270% ¢ - o3. batikan - - - + 338 |MT176789 - MT010632
366* g 17.06.2019 |noc. Bosbmme| 51°54.111° N 1,2 KaMeHb C + 314 |MT176791 - MT010628
Kotsl 105°04.061’ E JIAITAaHUKOM
369* g 17.06.2019 |noc. Boasmne| 51°54.111° N 1,2 KaMeHb C - 314 |MT176792|MT020870|MT010629
Kotsl 105°04.061’ E JINIIAaTHUKOB
397+ || 03.2014 |moc. Bonbume : : : + - |mT176790| - :
Kotsl
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Howmep = Jara MecTto KoopauHnarsl | I'imy- Cyo6crpatr |Mopdoio-|dnuna NCBI HOMep gocTymna
ocobu Ig 0T601éa otr6opa npob6 6uHa, ruyeckue (ITSI) coI 125 ITS1
npo M naHHble | (m.H. MIDNA pPHK
D16 ¢ 19.05.2018 | r. Cirogsnka | 51°40.017° N |0,3-0,5 KaMHU + 314 |MK207039 |MT020874|MT010630

103°42.532’E
BG14 ? 28.05.2018 |moc. Bospmroe | 52°01.352’ N [0,3-0,5| kamuwM, necok I - MT176787 - MK591137
TonoyctHoe |105°23.514’ E
BG15 ¢ 28.05.2018 |noc. Bospmoe | 52°01.352’ N |0,3-0,5| kamaM, mecok + 320 |MT176793 |[MT020871|MK207047
TonoyctHoe |105°23.514’ E
BK21 ¢ 04.06.2018 [noc. Bospmme| 51°54.114’ N |0,3-0,5| kaMHH, IIECOK ar 333 |MK207028 - MK207050
KoTsl 105°04.267’ E
MM1 ¢ 23.12.2018 Mauieie 53°01.073’ N | 0,5 - + - MT176794 |[MT020875|MK591138
OspxoHckue |106°54.008’ E
Bopora
MM2 ¢ 23.12.2018 Mauieie 53°01.073’ N | 0,5 - I - MT176795 |MT020876 -
OsbxoHckue | 106°54.008’ E
Bopota
MM3 ¢ 23.12.2018 Mauieie 53°01.073’ N | 0,5 - + - MT176796 - -
OspxoHckue | 106°54.008’ E
Bopora
F2 g 31.05.2021 |moc. Bosbmme| 51°54.128’ N 6 KaMHU A 314 - - OR502812
KoThr 105°06.168’ E
F96 ¢ 05.06.2021 | p. Hemusnka | 55°32.32’ N 6 ryoka + - - - OR502819
109°48.57’ E
F107 ¢ 19.09.2022| msic KatkoB [53°11.3512’N| 10 KaMHU aF 314 | OR506695 - OR502813
108°25.679’ E
F112-1 g 26.09.2022| wmbic Apyn | 53°27.855’ N | 10 |kamHH, IIEeCOK - - - - OR502820
107°33.192’ E
F112-3 ¢ 26.09.2022| wmbic Apya | 53°27.855’ N | 10 |kamHH, IECOK + - - - OR502821
107°33.192’E
F112-5 ¢ 26.09.2022| w™sbic Apyn | 53°27.855'N | 10 [kamHu, necox + - - - OR502822
107°33.192’ E
F112-6 ¢ 26.09.2022| wmsbic Apyn | 53°27.855'N | 10 [kamHWH, ecok aF - - - OR502823
107°33.192’E
F112-7 ¢ 26.09.2022| wmsbic Apyn | 53°27.855'N | 10 [kamHWH, necok - - - - OR502814
107°33.192’E
F116-1 g 17.09.2022 | n. Anracosika [51°43.6301’ N| 20 KaMHU aF - - - OR502800
103°46.486’ E
F116-2 ¢ 17.09.2022 | n. Auracosika [51°43.6301’ N| 20 TeCoK + - OR501221 - OR502801
103°46.486’ E
F120 g 25.09.2022 | mbic HuxHuii | 54°21.47° N 15 KaMHU A 330 - - OR502803
KepoBbIit 108°30.4’ E
F130 ¢ 26.09.2022| wsbic Apyn | 53°27.962’N | 30 - + 300 - - OR502804
107°33.999°E
F135-1 ¢ 16.09.2022| VmaHoBo [51°47.7913’N| 30 IecoK I 303 - - OR502805
104°31.515’ E
F135-2 ¢ 16.09.2022| VYmanoBo [51°47.7913’N| 30 [ecoK + 325 - - OR502806
104°31.515’E
F136-1 ¢ 17.09.2022 | 1. Auracosika |51°43.6301° N 5) MeCcoK + 320 - - OR502807
103°46.486’ E
F136-2 ¢ 17.09.2022 | . Auracosika |51°43.6301’ N 5 ecoK + - - - OR502815
103°46.486’ E
F144 ¢ 27.09.2022 | YepToB Moct | 51°56.133’ N 15 |kamHH, IecoK + - PP280626 - OR502808
105°15.672’ E
F156-1 ¢ 16.09.2022| Vmanoso |[51°47.7913’N| 10 MeCoK + - OR506692 - OR502809
104°31.515’E
F156-2 g 16.09.2022| Vmanoso |[51°47.7913’N| 10 MIECOK A 328 | OR506693 - OR502810
104°31.515’E
F156-3 g 16.09.2022| Vmanoso |[51°47.7913’N| 10 MIECOK + - OR506691 - OR502817
104°31.515’°E
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Howmep = Jara MecTto KoopauHnarsl | I'imy- Cyo6crpatr |Mopdoio-|dnuna NCBI HOMep gocTymna
ocobu Ig 0T601éa otr6opa npob6 6uHa, ruyeckue (ITSI) coI 125 ITS1
npo M nauaeie | (m.H. MIDNA pPHK

F191-1 g 27.04.2023 |moc. Bospmue|51°53.5859’ N 1 KaMHHU, TIECOK - 333 - - OR502811
KoThl 105°03.502’ E

F191-3 ¢ 27.04.2023 |moc. Bospmne | 51°53.5859’ N 1 KaMHH, IeCOK + - - - OR502802
KoTht 105°03.502’ E

F191-4 ¢ 27.04.2023 [moc. Bosbime | 51°53.5859’ N 1 KaMHU, [1eCOK AF - - - -
KoTet 105°03.502’ E

F191-5 g 27.04.2023 |noc. Bospmne|51°53.5859’ N 1 KaMHH, TIeCOK + - OR506696 - OR502818
KoTet 105°03.502’ E

F193 ¢ 27.04.2023 |noc. BoJspmne|51°53.5859’ N 1 KaMHU, TIeCOK + - - - -
KoTst 105°03.502’ E

I[IpumeyaHue:

«*» — IIUKJIONBI, 6bLIN JII06e3HO npeocTasyieHsl JI.B. CyxaHoBoil u A.T. JlyxHeBbIM
«**» — MaHHBIE OJI UKJIONOB OBUTIN Omy6JiMKoBaHbI paHee (Mayor et al., 2019)

«+» — MaHHbIE UMEIOTCA
«=» — JJAaHHbI€ OTCYTCTBYIOT

2.2. Mopdonornueckum aHarus

Mopdosornueckuili ~ aHaJu3 NPOBOAWIN C
nomolpio crepeomukpockona MCII-1 (JIOMO, Poccus)
u Mukpockona Olympus CX 41 (Olympus, AnoHus).
Ocobu BBIMauuBaju B Boje, dororpaduposanu u
n3Mepsii ¢ nomomnpio nudposoil kameps Levenhuk
M 800 Plus, npucoeguHeHHON K MUKpockomy Olympus
CX 41 u mporpammHoro obecrneueHus LevenhukLite
(Levenhuk, Inc., CIIA). PucyHKHM 4YeTBEPTOH MaphI
IJIaBaTeJIbHBIX HOI OBLJIM BBHINOJIHEHBl C IIOMOIIBIO
Mukpockona Olympus CX 41 u pucoBajIbHON HacaJKu
U-DA (Olympus, fAmonus). PucyHku wmopdosorude-
CKHX NIPU3HAKOB BHINOJIHAIM C IOMOINbI0 PUCOBAJIbHOM
Hacagku U-DA Olympus Drawing Attachment pgma
Olympus CX41 (Olympus, AnonusA). JAauHy Teja mnoy-
yajuy, CyMMUpYs AJIMHY HedasoTopakca, TOpaKaJabHbIX
U abJOMUHAJIbHbIX CETMEHTOB.

CokparujeHus Mopdosiorniuecknx 0603HaUeHN:

Juia xoH@oOKaIpHOU Jia3epHON CKaHUpYIOUen
Mukpockonuu (KJICM) o0pasijbl caMOK I[UKJIOTIOB
OKpammBaau KpacHeIM KOHTo B TedeHre HOYHM U TIOMe-
maau Ha NpegMeTHOe CTeKJIo, cjefysA Ipoueaype,
omricaHHor MuxesnbcoM u bBionmoseiM (Michels and
Biintzow, 2010). MaTepuasn ckaHUPOBaJIM C IOMOIIbIO
Jla3epHOro KoHGpOoKaJIbHOro Mukpockomna Carl Zeiss LSM
710 (Zeiss, Tepmanus) c JyimH3amu Plan-Apochromat
20x% /0,8 u 63 X /1,40 Oil DIC M27; dpunbtphl 570-670
HM; 561 HM, nipu 3,0 % morrHocTH J1a3epoB. Hanborsiee
U3MeHYNBBIe MOPGOJIOTHYECKHE [MOKa3aTeJnu OI[eHU-
BaJI C TIOMOIIbI0 aHAaJIM3a COOTBETCTBUSA U MCIIOJIb30-
BaJIM JJIs1 MeTO/a I'JIaBHBIX KOMIIOHEHT. Bce craTucTu-
YyecKre aHaJIM3bl ObLJIM BBIITOJIHEHBI C HCIOJIb30BaHHEM
Past 4.11 (Hammer et al., 2001).

2.3. Boipenenue AHK, NUP n
CeKBeHUupoBaHue

Ti BHYTPEHHSA TEPMHIHAJIbHAS IIETHHKA O6uiyro JIHK BHOEIAIN U3 ANIEBHIX MEIIKOB
Te BHEIIHAA TepMHUHAJIBHAA METHHKA WIM COMaTHUYecKOM TKaHU cJefynmmM o0pa3oMm:
Td AopcajibHas METUHKA ocobu I[KJIOIIOB, puKcrpoBaHHbIE 3TaHOJIOM,
Tl JlaTepasibHasl METHHKA MIOBTOPHO PErMAPATUPOBAJIA B JEMOHM30BAHHOI BOZE
Tmi  cpeaHsAA BHYTPEHH:A TePMHUHAJIbHAA B TeueHue 20 MuH. 3aTeM OHOJIOTMYECKUN MaTepua
Im[eTUHKa MHKyOupoBaiu B 2-kpatHoM 6ydepe Encyclo ays TP
Tme cpeaHsis BHENIHSA TePMUHAJIbHASA I[ETUHKA (6e3 Mg2+) (Evrogen, Poccus), cogepxamem 0,1 mr/
Lf JUTMHA KaydaJIbHBIX BETBEM it [Iporennasst K, mpu 65°C B Teuenue 1 vaca. ITocite
WE IIMPHHA KAy aabHBIX BeTBeil 3TOro MPOBOAWIM MHKybOaruo npu 94°C B TeueHue 5
Enp3 TpeTumii SHANOAUTHBI WIEHNK MUH. Ui fJeaktuBanuu IIportennassl K. IlosmyueHHBIN
P4, P5 ueTBepTas, MATas Napa MiaBaTesIbHbIX HOT pactBop, coziepxamuii TotanbHyo JHK, xpaHumi npu
LP5  jmMHHAK QUCTAIBHOTO wieHnKa PS5 Temneparype -20°C u wucnosib3oBasu B 10-kpaTHOM
IAS BHYTDEHHMI ATMKAIEHEL A TDETHET pasBeaenuu aia [P B kauectBe JJTHK-MaTpuiis.
yTpe anuKas peTbero
SHIIOUTa P4 [P HEOBOHHHH C VCIIOJIb30BaHUEM YHUBEp-
EAS  BHEIIHWIT aNVKAJIbHBIY LIUI TPETHETO SH/IO- Ca/bHEX mpaumepos, LCO-1490 m HCO-2198 puu
uTa P4 ammuudukanuu pparmenTa COI (Folmer et al., 1994),
L f— KP2 (5-AAAAAGCTTCCGTAGGTGAACCTGCG-3’)
- mpuHa u 5,8C (5’-AGCTTGGTQQGTTCTTCATCGA-3’)
Al asermya s ammmdukarnuu ITS1 (Phillips et al., 2000), u
H13845-12S  (5-GTGCCAGCAGCTGCGTTA-3’) mu
A2 amerenHa L13337-12S  (5-YCTACTWTGYTACGACTTATCTC-3")
Cphth nedanoropaxc s ammmdukanuu  12S  (Machida et al., 2002).
Sp L Amnundukanuo TpoBoguM B TepMonnkiiepe 100TM
se METUHKA
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(Bio Rad, CIIA) c ucnosib30BaHUEM peareHTOB JJiA
[P (Evrogen, Poccus). Peaxiuio mNOpoBOOWIN B
cmecu oobemom 20 Mk 1x Encyclo 6ydep, 3,5 MM
marnus, 0,5 MxM kaxgoro npatiMmepa, 0,2 MM Kaxxaoro
dNTP, 0,5 egqunaur JHK-nomruMepassl Encyclo u 2 M
pactBopa, conaepxaiero JJHK.

[Iporpamma amiumMpukanuy BKJIOYasa dTall
HarpeBaHus cMecu 10 94°C B TeueHue 4 MuH., 35-40
LIUKJIOB, COCTOSAIIIUX W3 cJieAyoommx stamoB: 94°C B
TeueHrue 15 cek., 48°C wiu 57°C (ana ¢parMeHTOB
COI u ITS1, 12S cooTBeTcTBeHHO) B TeueHue 20 cex.,
72 °C B TeyeHue 1 MuH. 3aKJIIOUYUTEJIBHYIO CTAqUIO
3JIOHranuu npoBofuau mpu 72°C B TeueHHe 4 MUH.
JIJIs CeKBeHMPOBAHUS AMIUIMKOHBI 3KCTPAarvupoBaJiv
U3 arapo3HOrO reJisi ¢ WCIOJIb30BaHMEM IIPOTOKOJIA,
omucaHHoro panee (Masiop u gap., 2010). Hykieo-
TUHBIE TIOCJIE/IOBATEJIBHOCTU IIeJIeBBIX (PparMeHTOB
OIpe/Ie/IsUTA ¢ TIOMOIIbI0 Habopa A1 CEKBEHUPOBAHUA
ABI PRISM BigDye Terminator v. 3.1 B 8-kanuJIJIAPHBIX
reHeTuveckux aHaymsaropax ABI 3500 (Thermo Fisher
Scientific, CIITA) u Harnodop 05 (CunroJi, Poccus).

2.4. MoneKyrapHO-GUAOreHEeTHUECKUH
aHanu3

[NosryueHHbIE [ocjieJOBaTeIbHOCTU OBLTIN
BHeceHHl B 0a3dy maHHbIXx GenBank, m ux HoMmepa
poctyna B NCBI npusenensl B Tabiuue 1. Broipas-
HUBaHMe HYKJIEOTHJHBIX II0CJIeJOBaTeJIbHOCTEN U
pacueT reHeTUYeCKHX PacCTOSAHUII ObLIM BBIIOJIHEHBI
¢ UcmoJb30BaHueM mporpaMmmbl MegaX (Kumar et al.,
2018). INomumoppusm JJHK olieHHBasu C TOMOIIBIO
nporpamMmbel DnaSP  5.10.01 (Rozas et al., 2003).
BHyTpureHoMHBIN moIUMOp®U3M ObLI OOHApyXeH B
HEKOTOPHIX nocjiegoBaTeapbHOCTAX [TS1, 1 MBI 3aKoqu-
poBajiid calThl C ABOMHBIMM NHKaMHU B COOTBETCTBUU
¢ IUPAC. [lnsa ananuza HabopoB maHHeix COIL, 12S u
ITS1 me1 BeiOpanu moaenu GTR + G, HKY +G u TN93
+ G, COOTBETCTBEHHO, HAa OCHOBe MH(pOPMAaLKOHHOI'O
kpuTepusa Akalike u bBaiiecoBckoro uH@OpMaIMoH-
HOTO KPUTEPHS, PACCIUTAHHBIX ¢ oMonisio jModelTest
2.1.6 (Darriba et al., 2012). [IepeBbA MakCHMaJIbHOTO
IIpaBAoNoAo0Ms OBLIM IIOCTPOEHHI C UCIOJIb30BaHUEM
IQ-TREE2 (Minh et al., 2020). [Toaaepxka y3J0B AJIA
BeTBel OLleHHBaJlach C IOMOLIBI0 OYyTCTPaIl aJlrOpUTMa,
ucnob3ysa 1000 pemnmkanuii. Kpome Toro, Mul BKJIIO-
YMJIM B aHAJIU3 [OcJejoBaTesbHOCTU BuoB Diacyclops
U IPYyTUX LUKJIONOB, JOCTYIHBIX B 6a3e reHeTUYeCcKuX
maHHbIX. VX HOMepa noctyna B GenBank mpuBefeHsI
Ha (PUIIOTeHeTUYECKUX JlepeBbsaX. JlepeBbs ObLIN BU3Y-
aJIM3UPOBAHBI U OTPENaKTHPOBAHKI C UCIIOJIb30BaHUEM
Interactive Tree Of Life (iTOL) Bepcuu 6.8.1 (https://
itol.embl.de, mocTynm ocymiectBieH 16 ceHTsa0psa 2023
r. u 3 okTa6ps 2023 r.)) (Letunic and Bork, 2021).

Jna pgenuMuTanuM BHOB Ha OCHOBe Habopa
paHHeix COI, MBI NpUMEHANIM METOMBl OmnpeesieHus
rpaHUll BUAOB, KOTOPHIE MCIOJIB3YIOT IONApPHEIE TeHe-
TUYeCKHe pacCcToAHUA U GujloreHeTUYecKre JepeBbsl.
Msl ucnoJib3oBai MHCTpyMeHT Assemble Species by
Automatic Partitioning (ASAP) c¢ p-AgucTaHuIUAMU U
Hactporikamu no ymoJiuaduio (https://bioinfo.mnhn.
fr/abi/public/asap/ nata obparrenus: 3 okTsa6ps 2023
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roga) (Puillandre et al., 2021). B aHajM3e MCIIOJIb30-
Basim Takxe Mertogbl Poisson Tree Processes (PTP) u
Bayesian Poisson Tree Processes (bPTP) (Zhang et al.,
2013) c HacTpoiikaMu N0 yModaHuio u ML-epeBowm,
MOJIyYeHHBIM B XOofe uccieaoBaHusa. Kpome Toro,
6nL1 ucmoJsib3oBaH Generalized Mixed Yule Coalescent
(GMYC) wmeTon ¢ yJIbTpaMeTPUYECKUM JepPeBOM,
[IOJIy4YeHHBIM B mporpamMme Beast 2.5.2 (Bouckaert et
al., 2014). Ccpuikyu Ha ucTouyHUKU Ajiss PTP u GMYC
https://species.h-its.org/ptp/ wu https://species.h-its.
org/gmyc/, COOTBETCTBEHHO, Jnara oOpamjeHusa 20
okTa6pa 2023 roxa.

3. Pe3yabTartbl
3.1. TakcoHoOMHuYecKana upeHTUPUKaLUA

Copok Tpu o0cO0U B3POCJBIX CAMOK U OOUH
camern Diacyclops 6suti oToGpaHbl U3 o3epa Baiikas ¢
PA3JIMYHBIX CyOCTpaTOB U IJIyOUH OT ype3a Boabl Ao 30
M (Tabsmra 1). Cempb u3 HUX otHeceHs! K D. sp. (VIG2).
Hma 38 ocobett nostydens! ¢pororpaduu 1 MpoBeeHbl
n3MepeHns MoOp(dOJIOrMYecKrux IPU3HAKOB, BKJIIOYAA
AHTEHHYJIBl, KayAaJIbHble BETBU U UX IIeTUHKY, IJaBa-
TeJIbHBIE HOTU 4 1 5 mapsl U JJIMHY Tesia. OnpejiesieHbl
MopdomeTpuueckrie WHAEKCH MCIOJIb3yeMble Kak B
TaKCOHOMUY LIVKJIOIOB, TaK U IpuBoguMele I'.d. Masze-
moBoii (1978) B ommcaHum Garikaibekux Diacyclops.
BoapmmHCTBO paukoB Obuiu choTorpad@upoBaHbBl O
Beigesienusa JIHK. Tpu sk3ockesieta ObLIUM NOTEPSAHBI
nocsie skcrpakuuu JHK, u ana stux ocobeil ecTb
TOJIBKO MOJIEKyJIApHble AaHHble. J[Be M3 HUX IIpUHAaA-
nexar Diacyclops ¢ HauMeHbIIel OJWHON TeJjia B
aHasnuse.

Cpeoqu 10 ocobeil, Haubojee OJIM3KUX IO
Mmopdosiorun D. improcerus, 4acTb OTJIWYajiacb OT
JaHHOro Bujaa Oojiee KOPOTKUM IedasioToOpakcoM U
OoJiee JJIMHHBIMYM aHTEHHyJIAMH, [Ipyras 4acTb OTJIU-
yasach BoopyxeHueM Enp3P4, xoTtopoe cocTosyio u3
Tpex HIMIOB U [IBYX IIEeTMHOK BMECTO ABYX LIWIIOB U
Tpex meTuHoK. M3 10 ocobeit cxoxux c D. galbinus, 6
oco0ell OTJIMYaInCh OT 3TOro BHAa OoJjiee MAJIMHHBIMU
KayaaJbHbIMH BeTBAMU, 60Jiee KOPOTKOH JlaTepabHOMN
HIETUHKOM  OTHOCUTEJbHO IIMPUHBL  KayJaJIbHBIX
BeTBeH U 6oJiee gyiuHHON Te. OnHa oco6s (MM1) oTyiu-
yajlach 0oJjiee KOPOTKMMM anMKaJIbHBIM IIWANOM P5 u
nedanoropakcom. Jlpe ocodbu (BGl4, F144) umenu
b6osee kopoTkuil Iedanoropakc (Tabmuna 2). dda
oxHoil ocobu (F112-7), 6muskoii o crpoeHuio EnpP4
K D. galbinus numeloTcs TOJIBKO MOJIEKYJIApHBIE JJAHHBIE.
B nccieqoBaHue ObLIM BKJIIOUeHBI 14 ocobell, O6J13Kue
no mopdosiorun Ha D. versutus. Ho Bce OHU UMeEOT
0oJsiee OJIMHHYIO JIaTepasIbHYIO0 I[eTUHKY OTHOCHUTEJIbHO
IMpUHBl KaydasjibHbIX BeTBel. JlBe ocobu (F156-1,
F156-3) otsimuasnuck ot D. versutus Takxe 60Jiee KOpOT-
KUMU KayJaJIbHBIMU BETBAMU U MeHbIIeH Iporopuuei
JopcaibHOU meTuHkU U Te. Ocobs F156-2 oTinvasiach
oT D. versutus Takxe MeHbllelr npomnopuuei Ti u Te.
Cawmery (F191-5) 61 cx0x M0 MOP(OJIOTUN K caMKaM
(F193, F191-1 — F191-4) u D. versutus B BOOpPYy>Xe€HUU
Enp3P4 u Taxxe ObLI BKJIIOUEH B aHaIW3. Tpu ocobu
OBLTU OTpefiesieHbl, Kak D. konstantini.
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Ta6umna 2. Mopdomerpruyeckye mapaMeTpsl aHAJIN3UPYEMBIX [[MKJIONOB

Bun, Homep | Lf/Wf | Te/Ti | Tmi/ | Td/Te | Tl/Wf |Lenp3P4/| IAS/ | LA1l/Lcphth Lephth/nymnaa LspP5/LP5
ocobu 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 xoporkue, - Jina muna P5
(2,5) (1,2) (1,8 | (1,2) | (0,5 (1,49 (1,0) eBa JOCTH- 3HAYUTEJIBHO
raiT cepearHbI BapbUpyeT
nedasoTopakca
D. galbinus* | 2,9- |0,6-1,8/1,3-1,9/0,8-1,2|1,4-2,0| 1,6-3,0 [1,1-1,8| Al gocTurawmr 2 JmiHa 1muana
5,4 (1,2) | (1,6) | (1,00)| (1,6) (2,0) (1,3) | 3amnero kpas P5 paBHa unu
3,7) yegarromopaxca HEeMHOI'0 MeHbIIIe
JJTAHBI TUCTaIb-
HOro cermeHra P5
D. improcerus*| 1,8- |1,0-2,1 - - - 1,0-1,4 |1,0-1,9| Al xopotkue, 1,6-2,3 (1,86) JinHa muna
4,1 (1,6) (1,2) (1,35) | 06BIYHO JOCTH- P5 paBHa wiu
(3,0) ralT cepeNHEI HEMHOTO MEHBIIIE,
nedanoTopakca O0JIbIIIe JIJIMHBI
JUCTAJIbHOTO
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
Fl16-1 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
I[Ipumeuanue:
«*» — manuele .M. Ma3zenosoii (1978), B ckoOKax JaHbl CpeHIE 3HAUeHUs

«-» — JaHHbI€ OTCYTCTBYIOT

36




Madiop T.FO. u dp. / Limnology and Freshwater Biology 2024 (1): 14-47

3.2. MonekynapHaa GUAOreHUA U
A€AMMHUTaLUA BUAOB

B xone ucciieqoBaHus MoJleKyJIApHble MapKephl
amMmnuIupoBaJ B OAWHAKOBBIX YCJIOBUAX [JIA
MOpGOJIOTUYECKH CXOIHBIX oco0ell, CcOOpaHHBIX B
omHoM MecTe. OpHako amimpukanusa GparMeHTOB
JAHK pasnuuanack no cnenquduuHOCTA U BBIXOAY
npoxykra (Tabsuna 1) K npumepy, u3 mAaTu ocobeit
(F193, F-191-1, F191-3, F191-4 u F191-5), co6paHHbBIX
B OAHOHN mpobe u OJU3KUX MO MOPQOJIOTHHU, TOJIBKO
AnA Tpex oco0eil ObUIM yCHEMHO aMILTU(ULIIPO-
BaHBl MOJIEKyJIIpHBle MapKephbl. B pesysbraTe ObLIN
onpepneseHsl 10, 35 1 21 HyKJI€OTHUAHBIX MOCJIEAOBA-
TespHOCTEN AJiA pparmeHToB reHoB 125, ITS1 u COI
cootBeTcTBeHHO (Tabsuna 1). BHyTpUreHOMHBII 0JIU-
Mopduam i ITS1 6b1 otmeueH i 10 ocobeii. B
IIeCTH HyKJIEOTUIHBIX II0C/IeJOBATEIbHOCTAX ABOMHBIE
MUKW HakfeHbl B OJHOM camrte (266, BG15, BK21,
F116-1, F120 u F135-1), B Tpex HyKJI€OTHUAHBIX TIOCIe-
JoBartenpHOCTAX (BG14, 369 u F130) — B ABYyX caiiTax,
a y OHON HyKJIeOTUAHOH IocjiefoBaTebHOCTU (366)
— B cemu camitax. Cpeau MyTanuil B caiiTax ¢ ABOH-
HBIMM NMKaMu 0bUI0 14 TpaH3unuii u 3 TpaHCBEPCHUU.
IMo3unuu caiitoB ITS1 ¢ ABOMHBIMU NMHMKAMH COBIIAaJIN
nJia pa3Hbix o6pasiuos (BG14/366, BG14/BK21 u F116-
1/266).

Tpu xopotkue ITS1 HykjeoTUHBIE IIOCJIENOBA-
tesapHOCTH (F96, F116-2 11 F136-2) 6bUIM JENOHUPOBAHBI
B GenBank, HO wucKII0YeHB M3 (UIOTEHETUYECKOTO
anaimza. HabGop paHHBIX U1 (PUIIOTEHETHYeCKOro
aHaam3a coctaBui 31 HyKJIEOTUAHYIO ITOCJIeI0BaTeIb-
HOCTb C AJIMHOU o0Imiero BelpaBHUBaHUA 461 m.H., 73
noJuMOpdHEIMU callTaMu U 69 mapcuMoHU-UHDOP-
MaTUBHBIMU caliTamMu. Ha ¢uioreHetnueckomM Apese
mo ITS1 (ML) HykjIeOTUAHBIE MOCJIEIOBATEIHBHOCTU
ocoberi, 6am3kux no Mopdosorun D. galbinus, D.
improcerus u D. versutus chopMHpOBaJIM TPU KJlacTepa:
galbinus-rpymnmna, versutus-rpynma u improcerus-rpymnma
(Puc. 1). Kaxmpiil KJIacTep COJIEPKUT HECKOJIBKO TeHe-
TUYeCKUX JIMHUI. B galbinus-rpymme BbISBIEHO YeTHIpE
qunnu (I-1V), B versutus-rpymre — Tpu Jiuauu (VI-VII) n
B improcerus-rpynie Takxe Tpu juHuu (IX-XI). Hykie-
OTHJHaA MocjenoBaresibHOCTh F156-2 mpepncraBiseT
otnenpHyI0 JIMHUO (V), KOTOpas He BXOAUT HU B OAHY
13 Tpex rpymil.

HyxieoTuHble MOCIeq0BaTEJbHOCTU Versutus-
rpymmsl, F156-2 (V), D. konstantini, D. sp. (VIG2)
u  improcerus-rpynmbl  cGOPMHUPOBAIN  OTAEJIbHBIN
6oJsibmioN kjactep. IlpencraButenu galbinus-rpymnisi
reHeTu4yeckyd 000COOJIEHHBI OT JAHHOTO KJlacTepa.

Habop manHbix no dparmenty COI ¢ ymHOM
obniero BepaBHUBAHUA 693 m.H. U 57 NapCUMOHU-UH-
popMaTHUBHBIMU caliTaMu, BKJII0OUAJ 22 HYKJIeOTUHBIE
nocenoBartesibHocTU Diacyclops w3 o3epa Barikai, 11
HYKJICOTUAHBIX IOCJIef0BaTeJIbHOCTel TpeX BHJIOB
bicuspidatus-rpynmsl u3 ITosemm 1 Kopeu (D. bisetosus,
D. crassicaudis v D. bicuspidatus) v 4 HyYKJIE€OTHUIHbIE
nocyuenoBaresibHocTu D. sp. u3 Ascrpanuu. Ha COI
(dusioreneTryecKkoM JApeBe HYKJIEOTUAHBIE I0CJIe[O-
BatesbHOCTHU Diacyclops u3 o3epa Batikan popmMupyoT
MOHO(UJIETUYHYI0 TpyNiy, KOTopas TIeHeTu4ecKu
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D. sp. (VIG2)
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Puc.1. (a) Kapra-cxema ot6opa npo6 (Tabsuma 1), uer
KpYTOB COBIaJjaeT C TAKOBBIM Ha (UJIOreHeTHUYeCKOM JpeBe.
(b) ®usoreHeTHYecKoe [OpPEBO, MPOCTPOEHHOE HAa OCHOBE
ITS1 uykneotumHbeix nocienoBatesbHOcTelr (ML, TN93 +
G). YucJio B y3Jie — 3HaUeHUe OYTCTPIII MOJ/IepXKU. PruMckue
uudpsl 0003HAYalT reHeTudyeckue JIMHUU. Kpyr psagom c
HYKJIGOTUHON TII0CJe[0BaTeJIbHOCTbI0O OTpaXxaeT MecTo
c6opa ocobu.

yaaJieHa OT Apyrux mnpefcrasutesieil Diacyclops. Tormo-
JIOTHU JIpeB MO JBYM MOJIEKYJIAPHBIM MapkepoM, COI
u ITS1, cornacyrorca. Ha COI gpese Takxe OTAEJIBHO
IPYIIUPYIOTCA IOCJIeJOBATEIbHOCTH versutus-, galbinus-
U improcerus-TPyIII, KaxJas 13 KOTOPBIX MpeAcTaBjieHa
HECKOJIbBKUMU reHeTrndeckumu JuHusmu (Puc. 2)

JlBe reHerwyeckue JIMHUHU  Versutus-group
(VI, VIII) moctroBepHO cectpuHcku F156-2 (V) u D.
konstantini 1 GOpMHUPYIOT BMeCTe OTIeJIbHBIN KJlacTep.
Hyxneotunnasle mnocyiegoBarenbHoct D. sp. (VIG),
nByx jmHUN galbinus-rpymner (I, II) u AByX JUHUI
improcerus-rpynnsl (IX, X) ¢opMupyoT Tpu APYyrux
OT/IeJIbHBIX KJIacTepa.

Metoabl pgenumMutanuu BuAoB ASAP u PTP
mpu aHanuse Habopa maHHbIXx COI mya 6alikajibCKUX
Diacyclops Beigenmiu 10 «BuAoB». Pe3yJIbTaTh B IIeJI0M
coryacyioTcsa ¢ TomoJjiorueln apea mo COI, ojgHako
npencrasutenu [ gunum BG15 u 84, MM1 pasgeseHsl
Ha 1Ba «BuJa». Meroasl aeaumMuTaruu bPTP u GMYK
naeHTUGUUUPOBAIU B 3TOM e Habope 11 «BUAOB»
U TOKa3ajy pasHble pe3ysJbTaThl MpPU pasAesieHuu
versutus-rpynnbl. Meton bPTP Beimesnn F156-1 (VI),
F156-3 (VI) u VIII renetnueckyto junauio (MM2, MM3,
BG14, F191-5, u BK21) kxak Tpu OTHeJbHBIX BHJA.
Meton GMYK Beigenua F156-1 (VI) u F156-3 (VI)
Kak oauH «BUA», HO noxpasaenuii VIII renetnyeckyro
JUHUIO Ha ABa «Buga»: MM2/MM3 u BG14, F191-5,
BK21.

B Habop gaHHbIX 110 12S BOULIN 9 HYKJIEOTUIHBIX
mocjefoBaTeJIbHOCTel Oalikasibckux Diacyclops 1 9
HYKJIEOTUAHBIX TOCJiefoBaTebHOCTeN Diacyclops w3
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Puc.2. (a) Kapra-cxema ot6opa npo6 (Tabsmia 1), nBeT KpyroB COBIAaJaeT C TaKOBBHIM Ha ¢uiioreHeTrndeckom apese. (b)
duIoreHeTUYeCKOoe APEBO, MPOCTpoeHHoe Ha ocHoBe COI HyKIeOTHIHBIX nocsefoBaTesibHOcTel (ML, GTR + G). Uuco B y3sie
— 3HaueHWe OYTCTP3N MOAJEepPXKU. PuMckue 1udpsl 0003HAYAIOT TeHeTUYecKre JMHUU. [IpSIMOYTOJIBHUKY PSAJIOM C JIepeBOM
OTpaxaloT «BU/Ibl», UAeHTUUIpoBaHHble MeTofgamMu ASAP, PTP, bPTP u GMYC. Kpyr psifioM ¢ HyKJIeOTU/IHO TI0C/Ie[0BaTE b~

HOCTBIO OTpaxiaeT MecTo cObopa 0coOmu.

ABcrpanmuu, flnoHun u YkpauHbel. OOlljee BBIpaBHU-
BaHue ¢parmeHra fasno 497 n.H., Bkjiwdad 186 nomu-
MOpGHBIX No3Uluii 1 162 mapcuMoHU-MHGOPMATUBBIX
nosunui. Ha 12S, xak u Ha COI gpese, Gaiikajibckue
Diacyclops GopMupy0T MOHODUIETUIHYIO TPYTITY. DTa
rpylmna BMecTe ¢ HyKJIeOTHOHBIMHU II0CJIeJOBATEeJIbHO-
cTAMHU bicuspidatus-rpymisl, BKodanmumu D. bisetosus
u3 fAnoHuu u D. bicuspidatus 3 YKpawHbl, BXOAUT B
oTnenbHbIN Gosbmioit kiactep (Puc. 3). Tpu sHpe-
MUYHBIX BUAA U3 ABCTpajiy, OTHOCAIIMecs K aticola-
rpymne, D. scaloni, D. sobeprolatus v D. humphreysi,
reHeTUYeCcKH yIaJIeHBl OT 3TOro kjacrepa. TomoJioruu
JpeB IO TpeM MOJIeKyJApHBIM MapKepaM corJjiacy-
I0TCA JUIA 3HAEeMUYHBIX Oarikanbckux Diacyclops. Ha
apese no 12S mpencraButesnu I gunuu (BG15, MM1)
galbinus-rpynnsl  GOpMHUPYIOT OUCTAHTHBIN KJIacTep.
Hyxneotunnasle nocyiegoBaresbHoct D16 (X) u 369
(XI) improcerus-rpynnbsl Takxe (GOpMHUPYIOT KjacTep,
KOTOpOMY HauboJiee GJIM3KU HYKJIEOTHHBIE TIOCTIE0-
BaTespHOCTU D. sp. (VIG2).

3.3. FeneTHueckKue AMCTAHLUUM

[MonHasa pajMHA TEpBOTO TPAHCKPUOWPYEeMOTO
cneticepa (ITS1) BapspupoBasia B AuamazoHe oT 300
no 338 m.H. u 6puUta cneruduYHa OJIA KaXO0U reHe-
Tnueckor JsumHuM (Tabauia 1), 3a HCKIIOYEHUEM
improcerus-epynnst, Tae anuHa ITS1 y nauunii XI n X
O6puTa OoAMHAKOBOU - 314 m.H. MoAesb-CKOpPEKTHUPO-
BaHHBIe reHeTnueckue nuctaduu (TN93+G) mexay
ITS1 HyKJIEOTHIHBIMU MTOCJIEAOBATETLHOCTAMU JTUHUN
batikanbckux Diacyclops 6s1t GIM3KM TAKOBBIM 3HAYe-
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HUAM p-AuCTaHUUM U BapbupoBanu oT 0,7% 1o 20,1%
(ITpunoxenue, Tabmunma S1-S3). MaxkcumanbHas
reHeTuyeckas JUCTAHLUA MeXy HYKJICOTUAHBIMU
10CJIeJOBAaTeIbHOCTAMU BHYTPU JIMHUN COCTaBUJIA
0,4%. 3HaueHusa p-AUCTAHLUIN B Habope NAaHHBIX IO
COI MexJy reHeTU4YecKUMU JIMHUAMHU OaliKajbCKUX
Diacyclops BapbupoBanu oT 9,1% o 20,9%. Cameie
OoJIpIlINie reHeTHYeCKre PacCTOAHNUA B IpefesiaxX JUHUN
cooTBeTcTBOBaIM 5,6% mia I u 2% muia II ouumi. Ilo
060MM MOJIEKYJIAPHBIM MapKepaM MHUHUMaJibHble
reHeTuyeckre OUCTAHLMUY MEXIy JIMHUAMM ITOKa3aHbI
ana versutus-rpynmbsl. OHu cocrasuiau 0,7-1,6% nuia
ITS1 u 9,1% pna COI HabopoB faHHBIX. ['eHeTHUYeckue
nucranuuy o ITS1 u COI cpenu uHMi galbinus-rpyniel
COCTaBUJIM COOTBeTCTBeHHO 3,5-4,0% u 17,7%. Cpenu
JIMHUH improcerus-rpyIsl 3TU 3HaUeHNs ObLIN CXOXU U
coctaBuu 3,3-7,2% 1 16,1% cooTBeTcTBeHHO AJ1 ITS1
u COI pnanHbIX. MakcuMasibHbBlE T€HEeTUYEeCKHe PacCcTo-
AHuA no ITS1 u COI ObUIN BBIABJIEHBI MEXAY JIMHUAMU
galbinus-rpynmnel U improcerus-Tpymnbsl M COCTaBUJIU
cooTBeTcTBeHHO 12,2-20,1% u 20,1-20,9%. 'eHeTnue-
CKHe p-AuCTaHWIM B Habope mol2S Mexay JMHUAMU
Gatikanbckux Diacyclops BapbupoBau ot 11,8% no
23,1%. HauboJsiee O0JsM3Kyde 3HAUYeHMsA JAUCTAHIIUN
nosiydeHsl Mexay X v XI JIMHUAMU improcerus-rpyIibl.
Hawubosiee fucTaHTHB MeXay coOO0M JIMHNAU U3 Pa3HBIX
rpynm: XI sjmHUA improcerus-rpynnel U VIII juHUMA
versutus-rpynmsl (20,9%), VIII juHUA versutus-rpyTinbI
u I jgunusa galbinus-rpynmer (20,5%), X u XI nuHUM
improcerus-rpynmsl u I sunus galbinus-rpynmsr (21,6%
and 21,7 %).
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Puc.3. ®usoreneruyeckoe peBo, nocrpoeHHoe Ha ocHoBe 12S mtIHK (ML, HKY + G). YucJio B y3ye — 3HaUeHe 6yTCTpan
noAAepxku. Pumckue nudpsl 0603Ha4a0T reHeTH4ecKue JIMHUU.

3.4. PacnpocTpaHeHHe reHeTHYEeCKHX
AUHUMH

IpencraBurtenu galbinus-, improcerus-, v versutus-
rpyIn pacnpocTpaHeHsl cumnarpudecku (Puc. 1la).
Oco6u D. konstantini, D. sp. (VIG2), VIII tuHuu versutus-
rpynns!l U XI JIMHUW improcerus-rpymmsl ObLIN COOpaHBbI
B patioHe noc. Bospmie KoTel B pazHoe Bpems. [pe-
crasuresnu D. sp. (VIG2), VIII, I reHeTHYeCKUX JIMHUN
ObLI coOpaHbl B OOHOM IIpobe B paiioHe noc. bosibioe
T'onmoyctaoe (Tabsura 1). Takke B OJHOU MPOOBI MBI
HaxoAWIu IpeAcTaButesiell versutus-rpynmnel (F156-1,
F156-3 - VI) u reHetuuecku OJM3KONH UM V JIMHUUA
(F156-2); ocoGent galbinus-rpynnet (F112-7 - 1) u
improcerus-rpynnsl (XI) wiu npencraButesein galbinus-
rpynnel (MM1 - I) u versutus-rpynnsl (MM2, MM3 -
VIID).

B kax[oii rpynme Mbl OOHApYyXWJIu Haubosee
MPEe/ICTABJIEHHYI0 TeHEeTHYeCKyl JIMHHUI, O0co0u
KOTOPOH MBI HaxOOWIN IIePUOOUYECKH B Pa3HBIX
Toukax baiikanma. TakoBeIMU ABJIAIOTCA |  JTUHUA
galbinus-rpynmei, XI juHus improcerus-rpynnsl U VIII
JIMHUA Versutus-rpyIIbL.

3.5. MopdomeTpuyecKu aHannu3

MeToa TJIaBHBIX KOMIIOHEHT IIPUMEHsIN K
JMaHHBIM MOp(OMeTpHUYEeCcKUX HHJIEKCOB, IOJIyYeHHBIX
ana 37 ocobeii. M3 Hux 9 ocobeii mpuHaasexayu
galbinus-rpymrie, 12 ocobeli - versutus-rpymre, 8 ocobeii
- improcerus-rpymre, 3 ocobu - D. konstantini u 5 ocobei
D. sp. (VIG2) (BG2, BG4, BG5, D10, D12). Moseky-
JIIpHBIe JJaHHble ObUIM MOJIy4eHbl JJiA OOJIBIINHCTBA
aTUX ocobeil. [To pe3ysibTaTam aHaM3a COOTBETCTBUH
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8 MopdomeTpuueckux mapamerpos, Tmi/Tme, Td/Te,
Ti/Tmi, Ti/Tme, Ti/Td, LA1/Lcpht, Ltena u LseP5/
LspP5, BMecTe 00BACHAIT 5% BapuabesIbHOCTU EPBOM
ocu (obmjas BapuabesbHOCTD - 25.6%) U ObLTH MCKITIO-
4yeHbl M3 HaOOp AaHHBIX [JIA JajibHeNIero aHaamsa
MeTozioM riiaBHbIXx komroHeHT (PCA). Bosiee Bapu-
abeJibHBIE TapaMeTpbl, Takue kKak Lf/Wf, Te/Ti, Tl/
Wi, Lenp3P4/Wenp3P4, IAS/EAS, pacmoJioxeHue Ha
kaynayspHbeix BeTBsiX Tl, IAS/Lenp3P4, IAS/Wenp3P4,
Ti/Lf, Tl/Te, Ti/Td, Ti/Te, LP5/WP5, LspP5/LP5 u
WP5/LspP5 6binin BkjItoueHsl B aHaiu3 PCA. IlepBeie
aBe riaBHbIX KoMmoHeHTHI (PCl1, PC2) oOBACHAIOT
76,1% wn3MeHYMBOCTM MOpP(POMETPUYECKUX MapaMe-
TpoB. PC1 u PC2 obGbsacusawT 61,5% u 14,6% Bapu-
auuu. IlepBasd rjiaBHasg KOMIIOHEHTa HMeeT CHUJIbHYIO
[I0JIOKUTEJIBHYI0 KOPPeJIALUIO C IPOoNopLuell AJIUHEL U
IIUPUHBI KayaaJibHbIX BeTBel (Lf/Wf), MeHee cribHYIO
[IOJIOKUTEJIBHYI0 KOPPeJIALMIO ¢ NPONopLUel IJINHBI
1 IIAPHUHBI TpPeThero SHAONOAWTA YeTBepTOH Iaphl
rtaBaTesibHBIX HOr (Lenp3P4/Wenp3P4), nponopuueit
JUIVHBL JIJaTepajIbHOM MEeTUHKN U MIUPUHEL KayJaIbHBIX
BetBell (T1/Wf) U oTpumaTesbHYI0 KOPPEALUI0 C
MpomnopIyell AJWH BHEIIHEN U BHYTpeHHel KpalHuX
anukaJibHbIX meTuHokK (Te/Ti), a Takxe ¢ mponopuuen
JUIVH BHYyTPEHHEero alvKaJbHOI'0 IIWIA TPeThero 3H0-
noguta P4 u pgnunHbl aTtoro wieHuka (IAS/Lenp3P4).
Bropas rnaBHasA KOMIIOHEHTAa MMeeT CHUJIbHYIO I10JIO-
KUTEJIbHYI0 KOpPPeJIALMI0 C MPONOpIUeNd AJIUHEI
BHYTPEHHEro amnMKaJIbHOTO INWIA TPEeThero 3SHJOIO-
auta P4 u mupuHs gaHHoro wienuka (IAS/Wenp3P4)
U C MPONOpIHeN [UIMHBI W MIMPUHBI TPEThEro 3HIO-
noguta P4 (Lenp3P4/Wenp3P4), MeHee CUJIBHYIO
MTOJIOKUTEJIBHYI0 KOPPEJIAIMI0 C OTHOIIeHHEeM [JIMHBI
U HIMPUHBL OucTajibHOro uieHuka P5 (LP5/WP5) u
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OTpUIATe/IbHYI0 KOPPEeJIAILMI0 C OTHOLIeHHWeM JJIMHBI
anukajJbHoOro mwuna PS5 u [inHE! AUCTaIbBHOTO WiIeHHKa
P5 (LspP5/LP5) (Puc. 4). PesynbraTel PCA u MoJieky-
JIIpHOM (UJIOTeHUU COIJIacyloTCA B pasfiesieHuu reHe-
TUYECK! OTJaJIeHHBIX BUIOBBIX KOMILIeKcOB Diacyclops.
Bhonp ocu mepBoil TJjIaBHOUW KOMIIOHEHTHI Pacriosio-
xeHsl D. konstantini 1 npeJicCTaBUTEJIN Versutus-rpyTiibl,
TOrJa Kak npejacrasutenu galbinus- u improcerus-rpymi,
¢ D. sp. (VIG2) pacrosioxeHsl I'JIaBHBIM 00pa3oM BIOJIb
BTOPOI TJIaBHOU KoMmoOHeHThl. Ocobu D. sp. (VIG2)
HauboJsiee OJM3KU K Improcerus- W Versutus-Tpyrmmam.
Oco6u F130 (IX) improcerus-rpynnst u F156-2 (V) nepe-
KpBIBaIOTCA ¢ 0co6saMu versutus-rpymmbl. Oco6s F116-1
(D) galbinus-rpynnel Haubosiee 6ym3ka D. konstantini,
4yeM K galbinus-epynne. MeToA rJIlaBHBIX KOMIIOHEHT He
MO3BOJIAET SICHO pa3fesiuTh Bce OJIM3KOPOJCTBEHHBIE
redHerndeckre juHun. OmgHako, ocodou F156-3 (VI) u
F156-1 (VI) orsim4arTcsa OT APYyrUx IpeAcTaBUTeNeN
versutus-Tpynnbl HauMeHbIeH Nponopuuel AJUHB U
IIMPUHBL KayJaJIbHBIX BeTBell U 3aHMMAIOT KpaiiHee
noJjioxxeHue BaoJib PC1.

3.6. Mopdonoruueckoe pazHoobpasue
versutus- v improcerus-rpynn

Ha puc. 5-7 npusefeHsl MUKpodoTorpaduu u
pucyHku P4 1 anTeHHBI 0oco0el versutus- U improcerus-
rpynmn. Bce mnpoaHanu3upoBaHHBIE OCOOU  versutus-
TPyIIbl UMEIT BOOPYXXeHUe TPeThero sHaopoauTta P4,
cocTosmee M3 Tpex LIWMNOB W ABYX IeTWHOK. Ocobu
MM3 u BG14 renetudecku O0JM3KU OPYT APYTY U OTHO-
carcsa K VIII reHetudeckod jimHuK. OHU OBLIN HIEH-
TUQUITMPOBAHBI KaK OUH «BU» MeToaoM ASAP u kak
nBa «Buga» Metogom GMYC. AHann3 MUKPOIIPU3HAKOB
1oKasaJi, 4YTO 3TU 0CO0U OTJIMYAIOTCA B OpHAMEHTAaI[u1
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KayJaJbHON CTOPOHBI COEeQUWHUTEIbHON TJIAaCTUHKU
P4 (Puc. 5). ¥ ocobei1 BG14 u F193 (VIII) gaHHas
IUIacTUHKA 6e3 opHaMeHTaI[uu, B TO Bpems, kak y MM3
Ha Hel MMeIoTCsA JiBa psA/la KOPOTKUX LIUTIOB I10 I{eHTPY
U BO3JIe AucTaabHOro Kpas. Y ocobu F156-3 (VI) coenu-
HUTeJIbHAsA TJIacTMHKa P4 ¢ Kay[dajbHOU CTOPOHHI C
ABYMs psAaMU KOPOTKUX U AJIMHHBIX TOHKUX IITUTIOB IO
LIeHTPY U BO3Jie AucrajibHoro kpasd. Cpeau MM3 (VIID),
F193 (VIID) u F156-3 (VI), nocjeqHsAs 0cobb OTJINYAETCs
caMbIM GOJIBIIIMM YKMCJIOM IIETUHOK U IIUTIOB Ha KOKCO-
nogute P4. Ocobp F156-3 (VI) Takxe oTsiMyaeTcs OT
F193 (VIII) unicsoM H[eTMHOK Ha BTOPOM SHAOMNOAUTE
AHTeHHBI, KOTOPHIII HeceT 9 MIETMHOK B OTJIMYKe OT 8
TOMOJIOTUYHBIX MeTHHOK y F193. bazunogut A2 ocobu
F156-3 (VI) HeceT ABa AuaroHaj bHBIX psfa ILIWIIOB B
[[EHTPaJIbHON U MPOKCUMAJIBHON YacTAX PPOHTATIbHON
[MOBEPXHOCTH, AUATOHAJIBHBIN PsAJ LIWIOB B IPOKCU-
MaJIbHI YaCTH U P CaMbIX JJIMHHBIX IIUIIOB B CpeIHEN
YacTH KayJaJIbHOHM TMOBEPXHOCTH, JBa psfa JJIMHHBIX
IITMIIOB BIOJIb OOKOBBIX IOBEPXHOCTEH W BOOPYXKEH
OBYMs KOPOTKMMM II[ETMHKAMU, OJ[HA M3 KOTOPHIX
VMeEeT CETYJIbl U 3K30IO0/IaJIbHOU IETUHKON C CeTy-
jgamu. Basunoaut F193 (VIII) opHaMeHTHPOBaH TpeMs
pAfaMH IIUIIOB Ha MPOKCHMMAJIbHOM U IEeHTPaJIbHOMU
YacTsAX KayAaJIbHOM TOBEPXHOCTHU W ABYMS psgaMu
TOHKUX IIWIOB BJI0JIb 00enX OOKOBBIX MOBEPXHOCTEN
U apMHPOBAaH JIByMsA KOPOTKUMM IIETUHKAMU, OAHA
13 KOTOPBIX HeCeT CEeTYyJIbl, U TOJIOU 3K30I0AaJIbHON
mjetuHkou (Puc. 6)

Ocob6u D. konstantini u F156-2 (V) reHeTHUYecKu
OJIU3KM M OTJIUYAIOTCS OT Versutus-rpynmnsl B BOOPY-
skeHnn Enp3P4. OHu NMeIoT [Ba XA U TPU IIEeTUHKU.
Y ocobu F156-2 (V) coemuHuTe bHas IJIACTUHKA
P4 Hecer ABa pAga AJUMHHBIX muNoB. bazunoaut A2
ocobu F156-2 (V) opHameHTUpOBaH [BYMs pAAaMu
IIMIOB U TPYNION MeJIKUX WINWIUKOB Ha KayAasbHOMN

pynna

Component 2

. sp. (VIG)

BGS5
F112:5%°

LspP5/tP 'FZ.F1 126
10

-1.0 F107

improc¢erus-rpynna
366

2.0

4397
D. konstantini

Component 1

Puc.4. Pe3yJsibTaThl aHaIM3a [JIaBHBIX KOMIIOHEHT, IPUMEHEHHOro K GaiikasibckumM Diacyclops Ha ocHOBe MopdomeTpuye-
CKUX UHJEKCOB. Yncyo o3HauaeT HOMep ocoOu. 3ejieHble CTPEeJIKU MOKAa3blBAIOT MHIEKCH U MX BKJIAJ B [IepBbie ABE IJIaBHbIE
KOMIIOHEHTHL. [[BeTa 0OBaJIOB COOTBETCTBYIOT I[BETaM I'PYII, OTMEUYEHHBIX Ha (PUIIOTeHETUYECKUX JIePEBbX.
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TOBEPXHOCTHU, JIByMs PsAlaMU TOHKUX MIUIOB Ha MPOK-
CHMaJIbHOM 4YacTh (PPOHTAJBHON TOBEPXHOCTU U
TOHKUMU HIMIAMU BJOJb 00enx OOKOBBIX IMOBEPXHO-
CTell 1 BOOpYXXeH ABYMs TOJIBIMU I[eTMHKAMHU U 3K30-
MoJJaJIbHOM 1IeTUHKOM ¢ ceTysamu (Puc. 5, 6). Bropoii
SHJIONOIUT aHTEHHBI HECEeT CEMb IETUHOK.

Ocobu D16 (X), F130 (IX) u 366 (XI) npuHan-
JexaT TpeM reHeTUYeCKUM JIMHUAM improcerus-rpyTibl.
D. sp (VIG2) renetudecku 61130k Kk HUM. Ocobu D. sp
(VIG2) u XI auHuu improcerus-rpynmnsl HecyT Ha Enp3P4
JBa IIWIa U TpU MeTHHKU. ¥ ocobeii D16 (X) u F130
(IX) oTOT 4ysleHUK BOOpPYXeH TpeMsA WINUMNaMH U JIByMA
metuHKaMu. D. sp (VIG2) oTsnyaeTcs OT NpeAcTaBU-
Tesjeil Improcerus-TPynn anuKaJbHBIM I10JIOXEHUEM
BHyTpeHHel meTuHkU Ha Enp3P4, psagom c IAS (Puc.
7). Y ocobeii F130 (XI) u D. sp (VIG2) coequnnTeIbHAA
1acTuHka P4 opHaMeHTHpOBaH ABYyMsA PSAJAMU IININOB
B CpelHel 4acTU W BAOJIb AWCTAJIBLHOU MMOBEPXHOCTU.
Y ocobu 366 (XI) Takxe MMelTCA OBa psAda MIUIIOB
Ha COeQUHUTEJbHOM ILIacTUHKe P4, ogHako OHU
NpephIBaOTCA B CpefHer YacTu IUIacTUHKU. Ocobb

D. konstantini
396

F156-3, MM3, F193

—— BG14, F156-2, 396

D16 (X) mMmeeT coeQUWHUTEJBHYIO IJIACTUHKY P4 c
JBYMs TpynmaMy HEMHOT'OYHCJIEHHBIX ILIWIOB. Basu-
noautel aHteHHBl D. sp (VIG2) u 366 (XI) B mesom
CXO0XU 1 OpHAMEHTHPOBAHHI JByMs PSAJAMU IIUINOB Ha
KayJaJIbHON MOBEPXHOCTU U PAAOM IETUHOK B MPOK-
CUMaJIbHOM YacTU OGOKOBO MOBEPXHOCTHU, OAHAKO V D.
sp (VIG2) nmeetcs 60Jibllie MIMIOB B KaX oM pAAy (8 u
9), yeM y ocobu 366 (XI) (Puc. 6).

4. 06cyxpeHue

4.1. Tpu BHAOBDLIX KOMNAEKCa, OAM3KHX NO
mopdonorum Kk D. improcerus, D. galbinus n
D. versutus

XoTa MBI oOHapyxuiu obpasmsl Diacyclops co
cxoiHOUN MopdoJiorHel ¢ TpeMs UHTepecyonuMU Hac
SHAeMUYHBIMU Bupamu D. improcerus, D. versutus u
cyb6anmemuuHsiM D. galbinus, HaM He ynasnoch ujeH-
TUPUIMPOBATh UX TAaKCOHOMUYECKU [0 YPOBHA BHAA.
duoreHetTndeckuii aHaims Diacyclops, ocHOBaHHBIH

VIl

Puc.5. KJICM mukpodoTtorpadbuu (396, BG14) u pucyHky KayJaJibHOI oBepxXHOCTH P4, versutus-rpynmst (VI, VIII), V rene-
trueckoit uanu (F156-2) u D. konstantini (396). ApabGckue urciia 03Ha4YalT HOMEP 0cOOU, PUMCKHE YKCJia — HOMep reHeThye-
ckoit uanu. BG14 — P4, coequHnTHEbHAA IUTACTUHKA C KayAasibHOU cTopoHsl. IIkana: BG14, F156-2 = 20 um; F156-3, MM3,

F193, 396 = 10 um.
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Ha AByXx MTJAHK 1 ogHOM AQepHOM MOJIEKYJISAPHBIX
MapKepax, BBIABMJI TPU KJlacTepa B COOTBETCTBUH
Cc paszeneHueM ocobeil Ha TpU Tpynmsl Mo Mopdo-
JIOTUYECKUM TpU3HaKaMm: improcerus-, galbinus- u
versutus-rpynnsl. Kaxpgas u3 HUX BKJIIOYaeT B cebs
HECKOJIPKO I'eHeTHYeCcKUX JIMHUH. MBI mpeAnosaraem,
yTo improcerus-, galbinus- u versutus-rpynmsl ABJIs-
I0TCS  OJIM3KOPOACTBEHHBIMU KOMILJIEKCAMU  BHJIOB.
CyImiecTBOBaHNE 3THX KOMILJIEKCOB, BEPOATHO, 00bsC-
HAeT 3HauWTeJIbHble BapHalu{ AUArHOCTHUYEeCKUX
[IPU3HAKOB, KOTOpBle TPUBOAATCA B omucaHuu D.
improcerus, D. versutus u D. galbinus.

leHeTnueckye pacCTOSHUA MeEXOY pPa3HbBIMU
suHuAMU galbinus- v improcerus-rpyni cCOOTBETCTBYIOT
M3BECTHBIM MEXBUIOBbIM aHAJIOTUYHBIMU 3HAUEHUAM
JUIA 3TUX MOJIEKYJIAPHBIX MapKepoB cpeau Copepoda
B 1iesioM u Cyclopoida B wacTHOcTH (Zagoskin et al.,
2014; Kochanova et al., 2021; Karanovic and Blaha,
2019; Sukhikh et al., 2020). CambpIMU OJIU3KUMU SABJIA-

XI 366

- [193, F156-2, F156-3
366, VIG2

D. sp. (VIG2)

VI

I0TCS TeHeTUYeCcKue JINHUU Versutus-rpynbl. Ha nepBbiii
B3rJ1Ag BeigesieHne F120 (VII) B xauecTBe OTHOEJIBHOU
ot VIII nHuYM, BbI3bIBAET COMHEHUs, HO MBI €e BblJe-
JIMJIN TIOKA C HEsACHBIM TaKCOHOMUYECKHUM CTaTyCOM
ONMpasACh Takxe Ha oTjuyarouryrocsa or VIII jguHun
obmyto anmuHy ITS1 (330 / 333 m.H.). Obujas mijiuHa
ITS1 MoxeT OBITh BUAOCHEIUPUYHBIM MTPU3HAKOM,
Kak mokasaHo Ay poaa Culicoides (Diptera) (Li et al.,
2003). TospKoO B Versutus-rpymie pa3Hble METOBI JeJIN-
MUTAaIMU JJajy He corjlacoBaHHble pe3yJsbTaThl. GMYK
Mmeton pasgeans VIII reHeTuuyeckyr JIMHUIO Ha [ABa
BUJa Ha ocHoBe AaHHBIX no COI. Ha apese mo stomy
(pparMeHTy  HyKJI€OTUAHbIE  IOCJIE€/IOBATEIbHOCTU
BG14, F191-5, BK21 reHernuecku 000OCOOJIEHHBI OT
MM2, MM3 u B TO e BpeMs Ha ITS]1 apeBe manHOM
kJacteprusanuu HeT. C OAHOIN CTOPOHBI, U3BECTHO, UTO
Metoaq GMYK MoxeT mpeyBesunuBaTh YMCJIO «BUAOB»
(Pentinsaari et al., 2017; Luo et al., 2018). C apyro#u
CTOPOHBI, MBI OTMeYaeM pa3HbIll XapaKTep OpHaMeH-

Puc.6. KJICM mukpodoTorpadum 1 pUCyHKU KayJaJIbHON CTOPOHBI aHTEHHHI improcerus-rpynnsl (366, VIG2), V reHertu-
yeckoyl siuHUM (F156-2) u versutus-rpymmsl (F193, F156-2, F156-3). Apabckue 4ucyia 03Ha4aT HoMep ocobu, PUMCKUe 4rcjia
— HOMep reHetryeckoy JMHUU. [Iunbl Ha GPOHTAJIBHON IMOBEPXHOCTU TOKa3aHbl MyHKTUPHOH juHueil. [Ikama: F193, F156-2,

F156-3 = 10 um; 366, VIG2 = 20 pm.
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TalUU COeIMHUTEJIbHOU macTuHku P4 y MM3 u BG14,
YTO BMECTe C OpHaMeHTaluell 0a3unoAuTa aHTEeHHBI
SIBJIIETCSI TAKCOHOMMYECKM BaXHBIMU NPU3HAKaAMU y
LIUKJIONIOB U NMPUBOAATCA Npu ux onucanuu (Karanovic
et al., 2013; Hotynska et al., 2021). Jiuausa VI (F156-1,
F156-3) versutus-rpynnel, 1o HalleMy MHEHUI0, MOXeT
paccMaTpuBaThCs, KaKk OTAEeJIbHBIN BU/I, TaK KaK NMeeT
OTJIMYHBIY XapakTep MMUKPOIIPU3HAKOB 0OasumnoauTa
aHTEeHHBI 1 COeJUHUTEIbHOM IJIacCTUHKU P4, 1 1o o6oum
MOJIEKYJIIDHBIM MapKepaM (GOpMHUpPYeT OTAeJIbHBIN
kiactep. Kpome Toro, ocobu F156-1, F156-3 oriunya-
I0TCSA OT BCeX APYrux ocobell B versutus-rpymnme caMbIM
MaJieHbKMM 3HaueHNeM MPONOPIUU JJIMHBL U IIUPUHBI
kaypaanbHbix BeTBel (Lf/Wf). XoTa 3TOT mpu3sHak, Kak
OTMeYaloT fJi OaliKaJIbCKUX IIMKJIONOB, BApbUpYeT Ha
BHYTPUBHIOBOM YPOBHE U MOXeT OBITh HE TaK TaKCO-
HOMMYECKH BaXkeH, KakK B JPYrdx poJax IMKJIOIOB,
takux Kak Eucyclops x npumepy (Rylov, 1948; Masze-
noBa, 1978; Flossner, 1984). Tem He MeHee 110 pe3yJib-
tatam PCA ananu3sa wHaekc Lf/Wf nmossosisieT pasrpa-
HUYUTh TEeHETUYeCKU cecTpuHckue D. konstantini u
versutus-rpynmy. Takxe MOXXHO KUCIOJIb30BaTh B UAEH-
Tudukanuu ocobeil VI JMHUM TakoH KauyeCTBEHHBIN
MpU3HaK, KaK YKCJIO0 MeTUHOK Ha BTOPOM SHAOIOAUTE

TGRSRV

Al

AR

fmmn
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e 177

AQHTEHHBDI, 10 KOTOPOMY OH oTJjinyaercs oT VIII quHun.

Ms1 npefnosiaraeM, uto oco6s F156-2 (V) Takxke
MIpUHAIJIEXUT K OTJeJIbHOMY HOBOMY BUAY, HauboJsiee
6s1u3KoMy versutus-rpyrre. XoTb 1o pesyJjbratram PCA
Ha OCHOBe MOP(dOMeTpHUYECKUX UHAEKCOB 3TOT MOTEH-
L1aJIbHO HOBBIM BU/J] HE OT/IeJIAE€TCA OT Versutus-rpyIiIbl,
TeM He MeHee OH MMeeT KaueCTBEHHbIE OTJINYUA OT ee
npe/icTaBUTeJIEll B apMaType TpeThero SHAONOAUTA U
BTOPOT'O SHAONOAWTA AHTEHHBI, OPHAMEHTALUN KOKCO-
noxguta P4 u 6azunoaunTa aHTeHHHBI. Bce Tpu MCoJib30-
BaHHBIX METOa JeJIUMUTALIMU BUJI0B, TaKXe BBIAEJIAI0T
F156-2 B oThesibHBIN BUJ, U ero mnoJjiHas mauHa ITS1
(328 m.H.) oT/IMYaeTcsa OT TAKOBBIX B Versutus-rpyniie.

[IpenmnosiaraeMsele TpU BUAA iMprocerus-rpyIibl
U reHetuyecku cectpuHckoro e D. sp. (VIG2) mepe-
KppIBalOTCA 1Mo pesysnbratam PCA, HO sACHO OTJIM4Ya-
I0TCA 10 OOOHMM MOJIEKYJIAPHBIM MapKepaM, corJia-
COBaHO pa3rpaHMUYMUBAIOTCA BCEMU UCIIOJIb3YEeMbIMU
MeToJlaMU AeJUMHUTAIM BUAOB U UMEIOT OTJIMUUA B
opHaMeHTanuu Kokconomuta P4. OHU Takxe UMET
KauecTBeHHbIE OTJIMUMA B apMaType P4, uto ajisa 60Jib-
IIMHCTBA KOMENoJ MPUBOAUTCA KaK AUArHOCTUYEeCKUI
MIpU3HAaK Jaxe pa3andHbx poos (Boxshall and Halsey,
2004).

Xl
366

= Fi D16, 366, aVIG2

b VIG2, D16

Puc.7. KJICM mukpodororpaduu (a VIG2, b VIG2, 366) 1 pucyHKH KayOaJIbHON CTOPOHBI P4 improcerus-rpynmsl u D. sp
(VIG2). ApabGckue 4rciia 03HAYalT HOMEpP 0co0H, PUMCKUE 4uciia — HOMep reHeTuyeckoi JuHuu. b VIG2 — P4, KOKCOnoguT,
coeIMHUTEJIbHAs MJIACTUHKA ¢ KayJaJibHOI cTopoHsbl. Illkana: F130 = 10 um; a VIG2, b VIG2, D16, 366 = 50 um.
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KapaHoBuu Hamieyn CXOACTBO B KOPOTKOM
MPOMOPIMU KayJaJbHbIX BeTBEN y 3HJAeMUYHOro D.
ishidai Karanovic, Grygier & Lee, 2013, oGuraromiero
B MHTEPCTULUAJIN PSZIOM C JIpeBHUM 03epoM bupa u
Gaiikasbckumu Bugamu D. improcerus, D. versutus. B To
ke BpeMsi OH OTMETUJI Psf| KOJIMUeCTBEHHBIX OTJIUYUM
atoro Buaa oT D. improcerus, D. versutus paxe Ha
OCHOBe JIOCTYITHOT'O OTPAaHUYE€HHOT0 Habopa U3BEeCTHBIX
MopdOoJIornyecKrux XapakTepucTuk ajisa D. improcerus,
D. versutus. Mbl MOXeM AOMOJHUTH 3TU OTJINUMA Kaue-
cTBeHHbIMU npusHakamu. Tosbko XI muHMA improcerus-
TPYIIB MeeT CXOXXee BOOPYXeHUe TpeThero 3H/0IMO-
quta P4 (3 meTuHKU U 2 IIKMIa), OcTajJbHble JIMHUU
3ToW rpynnsl u versutus-rpynnsl (VI-IX) oTamyaiores no
JaHHOMY Ipu3HaKy (2 meTtuHku u 3 mumna). Bee ompe-
JleJIeHHbIe TeHeTUYeCcKUe JIMHUU, improcerus- U versutus-
TPYIIIB UMET 3K30MOJAJIBHYI0 METUHKY Ha 06a3uIio-
OuUTe aHTeHHBI, TorAa Kak y D. ishidae oHa OCTyTCTBYyeT.

Bospmias yacth ocobell U3 improcerus-TpyIibl,
npuHagiexamye XI reHeTUYecKOH JIMHUM, U YacTh
ocobeti galbinus-rpynnsl, npuHaJiexamue I reHeTnye-
CKOM JIMHUU, OTJINYAJIMCh OT onucaHuii D. improcerus u
D. galbinus ToJIpKO MeHbIIIEH ponopiye edasoTopo-
Kaca U OCTaJIbHBIX TOpaKaJIbHbIX CETMEHTOB Wi OoJiee
JUIMHON aHTeHHYJION. Tak Kak 3TU MPU3HAKU COCTOAT
U3 TeJecKOMWYeCcKUX CerMeHTOB, BO3MOXHO, pa3Hasd
duxcaua u xpaHeHHe ocobell MOTJIM MOBJUATH Ha
TOYHOCTh HX HU3MepeHHsA, YTO Takke oTMedaeTcsA AJIA
Cyclopoida (Huys and Boxshall, 1991; Karanovic and
Krajicek, 2012). Kpome TOro, Msl BBIYHUCJISUIN COOT-
HOIIIEHWe JUIMHH IjedasoTopakca K CymMMe AJIUH 2-5
CEerMeHTOB TOpakca, HO He yBepeHHHI, uTo I'.®. Mase-
[oBa Hu3Mepsja TakKXe, BO3MOXHO, OHAa MCIOJIb30-
BaJjla TOJIBKO JJIMHBI 2-4 cerMeHTOB. TakuM 06pas3om,
BO3MOXHO nMeHHO XI u I reHeTUYeCKON JIMHUM TIPEJI-
craBysoT D. improcerus u D. galbinus. IloiyveHHbIe
reHetTnyeckne u MOpQOSOTUUYecKre JaHHBIE MOTYT
CTaTh OCHOBOHM J[Jisi WHTETPATHUBHOTO IEpPEeOICAHUA
3TUX BUAOB B OyaymieM. DTO OCOOEHHO BaXXHO B yCJIO-
BUAX OTCYTCTBUSA TUIIOBOT'O MaTepUaJ A1 SHAEMUIHBIX
nukionoB D. improcerus, D. versutus w D. galbinus w3
o3epa bartika.

MeToq TJIaBHBIX KOMIIOHEHT C WCIOJIh30Ba-
HUeM MOp(dOMeTpUYecKuX WHAEKCOB, OCHOBAHHBIX
Ha JIMHEHHBIX U3MepeHUsAX, OTPaHUuYeH B pas/esieHuu
OJIM3KUX BUOB B MpejesiaX KOMILIEKCOB, XOTs JaHHbIE
WHJEeKChl IIUPOKO WCHOJIB3YIOTCA B TaKCOHOMHU
LUKJIOTIOB U YKa3blBAlOTCSA TMPU OMNMCAHUU BUJIOB.
Bo3mMmoxHO, Oosiee pAeTajbHBIN MOpQPOMeETpUUYECKUi
aHaJM3 TMO3BOJIUT OOJibllle pa3rpaHUYUTh OJM3KUe
BU/Ibl B KQX/IOM U3 TpeX HalJleHHBIX KOMILJIEKCOB, KaK
OBLJIO MOKa3aHO MpU pasfesieHnu 6JM3KUX 1o Mopdo-
Jorud BUAOB U3 poma Acanthocyclops, cudTaBIINXCA
kpuntuyeckumu, (Karanovic and Bldha, 2019) wiu
MOMyJIALIMNA TapHnakTUKOWABl Bryocamptus pygmaeus
(G.O. Sars, 1863) (Novikov and Fefilova, 2021). Kpome
TOr0, MBl YBEPEHHBI, YTO NPU AeTaJIbHOM MOPQOJIOTrH-
YyecKOM aHaym3e OyayT Hali[leHbl HOBble KaueCTBeHHBIE
MpU3HaKy, KOTOpble OyAyT OTJuYaTh OJIM3KHEe BU[IBL.
Mol obpatuiyd BHUMaHWe Ha 06as3UMOOUT aHTEHHBI U
KayAaJibHyI0 CTOPOHY P4 1 Hamuiu OTJINYUA § ocoOel
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13 pa3HBIX reHeTHWYecKux JMHUNA. OcTaloTca elle He
NpOaHaJIM3MPOBAaHHEIMU OOJIbLIOE YUCITIO UHGpOpMa-
TUBHBIX XapaKTepUCTHK Ha ILedajioTopakce, IjlaBa-
TeJIbHBIX HOraX, KayJaJbHBIX BeTBAX, KaK CaMOK, TaK
Y CaMI{OB.

Takum oOpa3oM, HamM pe3yJbTaThl IOKa3bl-
BalOT, 4YTO [JeHCTBUTEJIbHOe pasHooOpa3ue 3HJe-
MUYHOM ¢ayHbl LUKJIONOB B o3epe balikan Bbile,
yeM IIpefnoJiarajgoch paHee. Mcrnosb3oBaHue MOJIEKY-
JIIPHBIX METOJOB II03BOJINJIO PAaCUIMPUTh IIOHMMaHUe
0 BHJIOBOM pasHOOOpasuy TaKUX PakooOpasHBIX, Kak
amMunoabl, OCTPaKOAB! ¥ rapIaKTUKON/bl, OOMUTAIOMINX
B o3epe balikas, 3a cyeT oOHapy’keHHUA KPUITUYECKUX
BuAoB (Schon et al., 2017; Vidinold and Kamaltynov,
1999). B Hamem uccjiefOBaHUU Mbl OOHAPYXWJIU BUABI
LUKJIONIOB, KOTOPBIE UMeIOT reHeThuueckre 1 MopdoJio-
ruyeckre OTJIAYMA U MOTYT OBITh UIeHTUDUITPOBAHBI
0 nocJjieAHUM. JlaHHasA rpymna HyXJaeTcs B MHTerpa-
TUBHOM TI[AaTeJIbHOM IlepeolnicaHuy, HapAay C Omuca-
HUEM HOBBIX BHJIOB.

[IpencraBuTenu pas3HBIX TeHETUYeCKUX JIMHUN
BCeX TpeX I'PYIII BCTPeYaTCs B OOHUX Tpo6ax 1 OTHO-
cATCA K cuMIaTpuyeckuM BuaaM. Hawnbosiee 6sm3-
KMMU TeHeTU4eCcK! U BCTpedamwlrecs CUMIaTpriecKu
ABJIATCA cecTpuHckue V u VI simauu. I'.®. Masenosa
Takxe obOHapyxuBaja B ogHoil mpobe D. galbinus, D.
improcerus 1 D. versutus ¥ oTMeuaja UX CHUMIIaTpuye-
CKOe pacrpocTpaHeHHe. B kaxaoi rpynme Mbl OTMe-
TUJIM 110 OJHOI HauboJiee YacTO BCTPevaroleiica reHe-
TUYEeCKOW JIMHUH, 0COOM KOTOPBIX MBI NEPUOAUYECKU
HaxXOJWJIU B pa3HbIX MecTax. UHTepecHO TO, 94TO ocodu
aTux HauboJstee npecTaBieHHbIX JJuHNN (I u XI) 6ostee
apyrux 6smsku mo Mopdosoruu Kk D. galbinus u D.
improcerus, Xak OTMeudasoch Bbime. OcTasibHbBIE TeHe-
TUYECKUe JIMHUU ABJIAITCA PeAKUMU U IIPe/ICTaBJIEHBI
OOHOI ABYyMA oco0sAMU B HalleM aHamze. Bo3MOXHO,
obune Tpex JIMHUHM B JaHHOM HCCJIe[JOBaHUU CBA3aHO
¢ Ux obuTaHreM Ha HeOOJIbIINX IJIyOMHAaX HauuHasA OT
ypes3a BOJbI, OTKyJa y Hac Opuia 6obinas 4acTh npoo.
Torpma kak 0cobu peKuX JIMHUIM COOPaHbI ¢ TJIyOMH OT
10 mo 30 m.

4.2. ®dunorenun Diacyclops u3 o3epa
Baikan

HecMmoTps Ha TO, uTO pop Diacyclops 6oraT 1o
BUJIOBOMY COCTaBy W Ha JAHHBII MOMEHT COAEpPXHUT
6ostee 100 BuI0B, TeM He MeHee reHeTHYeCKHe JJaHHbIe
JUIA 9TOr0 poja ocTalTcs KpaliHe OrpaHHYeHHBIMHU.
Mbl BKJIIOUMJIM B aHAJIU3 HYKJIEOTHJHbIE IIOCJIeloBa-
TEeJIBHOCTU He Oaiikayibckux Diacyclops, u corjacHo
obouM MOJIeKYJIApHBIM Mapkepam 0Oaiikajibckue
Diacyclops GopMUpPYIOT MOHOMWIETUYHYIO TpYIITy.
[Mpeneigymue ucciaefgoBanus Gabikasbekux Diacyclops
C WCIOJIb30BaHUEM KOHCEepBaTUBHOIO (pparmeHTta 18S
pPHK Taxxe mokasblBajld MOHO(UIETUYHOCTh SHJe-
MHWYHBIX BUI0B Diacyclops u3 o3epa Batikan (Maiiop u
ap., 2010). C ogHOI CTOPOHBI, 3TO MOXET CBUJIETEIb-
cTBOBaTh 06 001Ieli mpeJKoBOI hopMe I BCeX Ipoa-
HaJIM3UPOBAHHBIX Oaiikanbckux Diacyclops, koropas
JUBeprupoBasia 1 Aajla Hauajao BUJOBBIM KOMILJIEKCaM,
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HabJTI0jaeMbIM celiuac. JlaHHBIN cljeHapuil BO3MOXEH B
CBsI3U C YHUKAJIbHOCTHIO Baiikasia, KOTOPhII MUJIJIMOHBI
Jer ocraBajica pudyruymMoM M IIEHTPOM BHA00Opa-
30BaHUA JIs1 MHOTUX T'PYHI )KUBOTHBEIX, B TOM YHCJIE
pakoobpa3HbIx: amGuIIod, OCTPAKOA U TapIaKTUINL
(TumomikuH, 2001; Schon et al.,, 2017; Moskalenko
et al.,, 2020). A c Opyroil CTOpPOHH B HalleM Habope
JaHHBIX TIPUCYTCTBYIOT BUIbl Diacyclops 13 pasHBIX
MOp®OJIOTNYeCcKUX TIPyHn (BHUIOOBBIX KOMILIEKCOB) U
TOJIbKO OaliKaJibcKue BUIBI OTHOcATCA K languidoides-
rpymme. CyllecTByeT MHeHHe, 4To pojn Diacyclops —
MOJIU- WM NapaduieTUdHbll U BBIABJIEHHBIE MOPGO-
JIoruyecKye I'PyNIbl MOTYT MpPeACTaBJIATh OTeJIbHbIe
poasl (Monchenko, 2000; Karanovic, 2006). MopdoJio-
TUYecKUe TPYIIb BbIIeJIeHbl Ha OCHOBE WIEHHCTOCTH
IJIaBaTeJIbHBIX HOT' M aHTeHHYJ1. Ha HameMm apese o 12S
BKJTIOUEHBI TI0CJIeI0BATEIbHOCTH BU/IOB U3 TPeX IPYIIIL:
languidoides-, bicuspidatus- u aticola-rpymmn. Cuurtaercs,
yTo 3BosoLusA y Cyclopoida et B cTOpOHY oMromMe-
pusanun npugatkoB. Takum obpasom bicuspidatus- u
aticola-rpynmbl SBJISAIOTCS CaMBIMU «IIPUMUTUBHBIMI»
rpynnaMmu, Toraa Kak languidoides-rpynmna sABiseTcA
0ojlee 5BOJIIOIMOHHO TIPOABHMHYTOM U YCIEIIHOW,
ABJIAACH OOHOM M3 CaMBIX OOraThIX MO YHCJTy BUJOB
(Pesce, 1994; Monchenko and Klein, 1999). B Hamewm
ananuse languidoides- v aticola-rpymnmsl mpeICcTaBJIeHbI
SHAEMUYHBIMU BuAamMu u3 Baiikama u ABcTpasuuy,
bicuspidatus-rpynma mpejcTaBjieHa majeapKTUYeCKUMU
BUJaMU. Buibl U3 Tpex rpynn npenckasyemMo chopMu-
POBaJIM TPU MOHOGDUJIETUYHBIE T'PYTIIBI U MHTEPECHBIM
oKaszajoch To, uTo bicuspidatus- SBJIsieTCA CECTPUHCKOMN
u Ooslee TeHeTwuecku Osm3koi languidoides-rpymre,
yeM K cxoxeil mo Mopdosoruu aticola-rpynme. Js
MOJTHOTO TOHMMAHMA KapTUHBI B3aWMOOTHOIIEHUH
BUJIOBBIX KOMILIEKCOB B Tpefnesiax poxa Diacyclops
Heo0XOAMMO AOIOJIHUTEJIbPHOE HCCilefJoBaHle KOHCep-
BATUBHBIX SOEPHBIX MOJIEKYJIPHBIX (PparMeHTOB U
BKJTIIOUEHHE MpeICTaBUTENEN BceX MOPGOIOrHIecKuX
TPYIIL

B mpenenax MOHODUIETUYHON I'PYNIBI IPOAHA-
JIM3UPOBAHHBIX OalKaJIbCKUX 3HAEMUYHBIX Diacyclops
oOHApyXeHBl [Ba KJacTepa CECTPUHCKUX TAaKCOHOB.
IepBriit kiyacrep ¢opmupyor D. sp. (VIG2) wu
KOMILJIEKC BUJIOB imMprocerus-rpyIibl, BTOPON KJiacTep
BKJTIOUaeT D. konstantini, V JIUHUIO, U Versutus-rpymiy.
Oco6u improcerus-rpymmnsl NpuHaJIexaT K Diacyclops ¢
HaVMeHbIIel JIMHOWM Tejla B JAaHHOM HCCJIeJOBaHUU
U B IeJIoM cpenu OGaiikayibckux Diacyclops sBisisAch
KpyIHee TOJIBKO TPeX dH/IeMHYHBIX BUOB: JINTOPAJIb-
Horo D. zhimulevi n nHTepcTUnManeHeIX D. biceri u D.
eulithoralis. Bo3MOXHO, yMeHbIIEHHE pPAa3MeEPOB TeJja
BJIUSIET HA DKOJIOTUYECKUI yCIex improcerus-rpymisl U
CBA3aH C ajanTtanueil K MUTAaHUIO MeJIKUMU hopmaMu
KUBOTHBIX, BOAOpOCJIell WJIK OETPUTOM. M3BecTHO,
YTO HEKOTOpHE MeJIKHE JINTOpaJibHBle U HHTEPCTU-
[[MaJIbHble ITUKJIONHABl OTHOCATCSA K TpyIne cobu-
patesnieii. OHU 0OcC/aeqyIOT OeTPUT, cTebJM BOJHBIX
pacTeHuil 1 BKJIIOYAIOT B NMUTaHHE SMH(UTHBIE BOJO-
pocJiy, MPOCTENIINX, TPYIBl MeJIKUX 6eCcliO3BOHOYHBIX
(MonaxkoB, 1998). B.1. MoHYeHKO, WCIOJIb3Ys POJ
Diacyclops B xauecTBe MOJIeJIBHOTO 00beKTa, IoKa3al,
YTO B X0Jle MOPGOJIOTO-3BOJIIOIMOHHOTO Pa3BUTHA
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Cyclopoida mpouCcXOUT yMeHbIIIEHUE pa3MePOB TeJia
1 oJIMroMepusanys TOpakaJjbHbIX KOHeuHocTel. [Ipu
9TOM yMeHbllleHre pa3MepoB TeJia ABJAeTCS BeAyIuM
nporueccoM. ABTOp cBsi3blBaJI 00a Ipoliecca CO 3Ha4U-
TeJIbHO COKpallalolMMKCA 3HepreTM4ecKMMM 3arpa-
tamu (MoHueHko, 2003).

BeposATHO, NepBoHaYaJIbHO IIPeAOK improcerus-
I'PyIIIB AUBEPIUPOBaJ CUMIATPUYECKU HapAAy C Iped-
Kamu versutus- 1 galbinus-rpymnisl, B TO BpeMs, KaK B
JajpHeleM B improcerus-rpynie MOTJIA IPOUCXOJUTh
cjlydyay WU IlepunaTpuyeckoro BHAooOpas3oBaHUA. B
HalleM HccjiefoBaHUM 0co0b IX reHeTmyeckoy JIMHUUN
improcerus-rpynmnsl OblIa HaiifleHa B reorpaduuecku
TOM >X€ MecCTe U B OJJHO BpeMs, 4TO U 4acTb ocobei XI
JIMHUH, HO c IJ1youHsl 30 MeTpoB, Torga kak ocoou XI
JIMHUY ObLIM coOpaHHI ¢ riTyonHs! 10 MeTpoB. KoneuHo,
JaHHOE TPEAINOJIOKEeHNEe O MEPUNTPUYECKOM BHUJIO-
obpazosanuu IX u XI nuHui TpedyeT AOMOJTHUTEIbHON
MIPOBEPKU.

CaMBIMH OTHOCHUTEJIBHO 3BOJIFOLIIOHHO MOJIO-
JBIMU cpenu paccMatpuBaeMbix Diacyclops ABjAwTCA
MOTEHI[HaIbHble BUIBI Versutus-rpymnmnbl. OHHU HMeT
HauMeHblllie TreHeTnu4yeckue paccrosaHusa no COI
u ITS1. [lna [pasnpHeNmero wuccjefoBaHUs JaHHON
IPYIOBL Ilejlecoo0pa3HO MCIOJIb30BaTh 0OoJiee TMOJIU-
MopdHBIe TeHeTHYecKue MapKepbl. Hampumep, reH
nad2 mtHK, xotopsiii y Copepoda mMeeT OoTHOCU-
TeJIbHO 0oJiee BBICOKYI0 CKOPOCThH 3BoJIonuH, yem COI
(He et al.,, 2023). [JanHasa Tpymnma XapaKTepU3yeTcs
YKOPOUEHHBIMHU, VTOJIIEHHBIMM aHTeHHyJlaMH, He
JOCTUTaIIIUMU 3aJJHero kpacs edasioTopakca, apMu-
pOBaHHBIE OOJIBIINM YKCJIOM IIEeTHHOK 1 BOOPYXeHUEM
TpeTbero sHAonoauTta P4 Tpemsa munamy M ABYMA
meTuHkamu. I'.®D. MazenoBa cBsi3biBaJia Haju4re 60JIb-
II0ro YncJjia MeTHHOK Ha aHTeHHyJle Y D. versutus ¢ ero
obuTaHNeM Ha MATKUX IPYHTax, B TOM 4ucjle uiax. B
Hamwmx cOopax ocobOu versutus-rpynnsl ObLIN COOpaHBI
C pasHOro Tula cyoCcTpaTOB B TOM YHCJIe U TBEPAbIX: C
rnecka, KaMHel Y KaMHEH ¢ IIeCKOM. BO3MOXHO, n3Me-
HeHre MopdOJIOTMM aHTeHHyJ U s3HgonoauTta P4 y
IIpeKoBOM (OPMBI Versutus-rpynmbl Takxe IIPHUBEJIO
K 2KOJIOTHUYECKOMY ycliexy, KaK M yMeHblleHue Teja
y improcerus-rpymniibl, 1 CBf3aHO C NPeuMyI[eCTBOM
B XHUIIHOM NMTaHUU. MOXHO Takxe IPeJIOJIOXUTH,
YTO JaJjibHelillee BUAOOOpa3oBaHUE B TPYIIe, ObLIO
IepunaTpuyeckoe BOJIb rpajueHTa riiyouH. Tak kak
ocobu VIII reHeTnyeckol JIMHUU OBUIUM OOHAPYXEHBI
Ha MHMHUMAJIbHBIX IJIybuHax o 1 meTpa, a ocobu VII
u VI nuHuil HaliieHsl Ha G6osbmux riaybuHax 10 u 15
MEeTpOB.

Camoi1 3araJJouHOl B HccaeqoBaHHbIX Diacyclops
aBnsgercsa  galbinus-rpynma.  Bo-mepBhIX,  BaJHA-
HocTh Byuja D.galbinus BBI3bIBajia BOIIPOCH IIOCTIE €TO
onuvcanusa. B.M. MoHYEHKO cyuTaJl 3TOT BUJ CHHO-
HuMoMm D. moravicus (Sterba, 1956), o6urtaroiiero
B KapcToBhIX Bomax Mopasuu (Monchenko, 1974).
K coxanenuto, cukBeHcoB D. moravicus HeT B 0a3ax
JaHHBIX, YTOOBI CpaBHUTH ero ¢ galbinus-rpymnmom.
Bo-BTOpBHIX, 3TO €OWHCTBEHHBIH BHUJ U3 ONMCAHHBIX
sHJeMUYHBIX Diacyclops, KOTOpBII HalAeH 3a Tpefe-
Jamu o3epa barikan, B o3epe IlapTivMHCKOe W ABJIA-
eTcs TakuM oOpa3oM cyOsHAeMuKkoM. V3 GeHTOCHBIX
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OaiikaJIbCKUX KOIlernoj, obuTarlmx B o3epe batika,
U3BECTEH TakXke cyOsHAeMuuHbli Bup Harpacticella
inopinata, BcTpedalomuiica B peke EHuceil. Moseky-
JIIPHOE HCCJIeJOBaHME 3TOro Buaa u3 p. EHucell moka-
3aJI0 ero OTHOCUTEJIbHO HeJlaBHee GalikaJibCcKoe IIPOoUC-
XOXAEHUEe, BEPOATHO, CBA3aHHOE C AHTPOIOT€HHBIM
BcesieHueM (Fefilova et al., 2023). YTOGbI OLIEHUTH My TH
paccesieHusa galbinus-rpynmbl HEOOXOAUMO MPOBECTHU
aHaJIN3 MOJIEKYJIIPHO-TEHETUYECKUX JAaHHBIX U3 03epa
[IapTiuHCcKoe. U B-TpeThUX, Hallle UCCJIeJOBAHNE ITOKa-
3BIBAeT, YTO XOTh galbinus-rpymnma v BXOOUT B MOHO-
(puseTUYHYI0 TPYNIy C OCTaJIbHBIMU OGaHKaIbCKUMU
Diacyclops, HO TeM He MeHee 3aHUMAET AWCTAHTHOE
nosioxkeHue. MOXHO MPenoJIOXKUTh, YTO, JUBEPTeHIUA
npenkoBoii (opmsl galbinus-rpymnnbl, MpoOU30ILIa Ha
OTHOCHUTEJIbHO paHHUX 3Tanax 3Bosionuu Cyclopoida B
o3epe balikan win, BO3MOXHO, MMeJja JPYTyo IMpen-
koByto ¢opmy Diacyclops, yem ocTajibHble aHAJIU3UPY-
eMble sHAeMuuHble Diacyclops. B HaieMm ncciieJoBaHUN
00HapyXeHO HaJIMuKe YeThpeX TeHEeTUYEeCKUX JINHUH,
cpenu ocoberi, MoXoxux 1o mopdosoruu Ha D.galbinus.
Bo3MoXxHO, KaxaaAa M3 HUX ABJIAETCA MOTEHINAJIbHO
HOBBIM BHUJIOM.

BAaaropapHoOCTH

BrlpakxaeM HCKpeHHIOI OJlarogapHOCTh KOJI-
neram u3 JIMH CO PAH A.Il. ®enotoBy, JI.B. Cyxa-
HoBo, C.B. YcoBy, a Takxe E. CadoHoBy, A.T'. JTlyxHeBy
3a mnoMomlb B orbope Matepuaysia. Mbl Takxe OJiaro-
nmapubl E.B. ®eduosoii (MHcTutyT Onosioruu Komu
HayuHoro neHtpa YO PAH), M. XosuHcka (My3seil u
WuctutyT Ilosbekont Akanemun Hayk) u FHO.I1. Carmo-
xxHrkoBou (JIMH CO PAH) 3a uxX IleHHbIE KOHCYJIb-
Taluy U IOMOIIb € IlepeBoJioM craThy. PaboTa BBIIOJI-
HeHa B paMKaX TeMBbl I'OCyJapCTBEHHOro 3ajaHus No
0279-2021-0005 (121032300224-8). CexkBeHUpOBaHME
Ha reHeTryeckoM aHanuszatope Hanodop 05 (CuHTOI,
Poccus) u ucciiefoBanie Ha KOHGOKAJIbHOM JIa3€pPHOM
CKaHUpYIOIleM MUKPOCKOIIe BHIIOJIHEHO B [IprubopHOM
I[eHTpe KOJUIEKTUBHOTO M10JIb30BaHUA GU3NKO-XUMUYe-
ckoro yJbTpamukpoananusa JIMH CO PAH (LIKII «Yib-
TPaMUKPOAHAIN3»).

KoHpAUKT uHTEpecoB

ABTOpHBI 3aABJIAIOT 00 OTCYTCTBUU KOH(MPIIMKTA
WHTEpeCoB.

Cnucok Aureparypbl

Matiop T.}O., IleenmeBa H.I'., CyxanoBa JL.B. u np.
2010. MoJekynsapHO-(puioreHeTUYeCKUN aHaIU3 IUKJIONOB
(Copepoda: Cyclopoida) u3 o03. Baiikai u ero BomocOOp-
Horo OacceiiHa. T'eHermka 46: 556-1564. DOI:10.1134/
$102279541011013X

Matiop T.IO., T'anumosa I0.A., IlleBeneBa H.I. u np.
2017. MognekysapHo-buioreHeTnyeckuii anaaus Diacyclops
u Acanthocyclops (Copepoda: Cyclopoida) u3 o3epa Baiika
Ha ocHoBe reHa COI T'enermka 53: 252-258. DOI:10.1134/
S$1022795417020041

Magzenosa I'.®. 1978. Lluksonel o3epa Baiikan. Hayka:
HoBocubupck

46

MonaxkoB A.B. 1998. [Tutanue npecHOBOIHBIX 6€CII03BO-
HOYHBIX. MockBa: Poccesibxo3akajieMus

Monuenko B.M. 2003. CBOOOAHOXHUBYIIME I[UKJIOIO-
ob6paznble komenofbl [Tonto-Kacnutickoro 6acceiina. Kues:
Hayxkosa [lymka

PrutoB B.M. 1948. Cyclopoida mpechbix Boa. M.: JI.

TumomkuH O.A. 2001. AHHOTMPOBAHHBIHN CINCOK (payHBI
o3zepa balikanm u ero Bojgoc6opHOro OacceiiHa: B 2 TOMax.
Hayka: HoBocubupck

[TabypoBa H.U. 2010. BuopaszHoobpa3ue u 300reo-
rpadus dayHB KOJIOBPATOK M HHU3LIMX PAaKOOOPA3HBIX 03.
Caran-Mapss u o3. Illapriunckoe (B-JII'3). Bropas mexpe-
TMOHAJIbHAsA Hay4yHO-IIpaKTHUecKasg KoHbepeHIUsdA, IIOCBS-
meHHasA 10-1eTuio opranu3anuy TUTMPHUHCKOTrO 3aII0BeJHUKA
«I'opHBIe dKocucTeMsbl HOxxHOM Cubupu: u3yueHue, OXpaHa U
panyroHasbHOe IIpUpPOoIoJib3oBaHue 3:215-219

Alekseev V.A., Arov L.V. 1986. A New cyclopoid of the
genus Diacyclops (Crustacea, Copepoda) from a costal zone of
Lake Baikal. Zoologicheskiy Zhournal 65(7): 1084-1088

Bouckaert R., Heled J., Kiihnert D. et al. 2014. BEAST
2: A Software Platform for Bayesian Evolutionary Analysis.
PLoS Computer Biology 10: e1003537. DOI:10.1371/journal.
pcbi.1003537

Boxshall G.A., Evstigneeva T.D., Clark P.F. 1993. A New
Interstitial Cyclopoid Copepod from a Sandy Beach on the
Western Shore of Lake Baikal, Siberia. Hydrobiologia 268:
99-107. DOI:10.1007/BF00006880

Boxshall G.A., Halsey S.H. 2004. An Introduction to
Copepod Diversity. Ray Society

Darriba D., Taboada G.L., Doallo R. et al. 2012. jModelTest
2: More Models, New Heuristics and Parallel Computing.
Nature Methods 9: 772. DOI:10.1038/nmeth.2109

Fefilova E., Popova E., Mayor T. et al. 2023.
Morphological and Genetic Identification of Harpacticella
Inopinata (Harpacticoida, Copepoda) from Lake Baikal and
the Yenisei River (Russia). Inland Water Biology 16: 863-872.
DOI:10.1134/51995082923050061

Flossner D. 1984. Two new species of the genera
Acanthocyclops and Diacyclops (Crustacea, Copepoda)
from Lake Baikal. Limnologica (Berlin) 15 (1): 149-156. (in
German)

Folmer O., Black M., Hoeh W. et al. 1994. DNA Primers
for Amplification of Mitochondrial Cytochrome c Oxidase
Subunit I from Diverse Metazoan Invertebrates. Molecular
Marine Biology and Biotechnology 3: 294-299

Hammer O., Harper D.A.T., Ryan P.D. 2001. PAST:
Paleontological Statistics Software Package for Education and
Data Analysis. Palaeontologia Electronica 4(1):1-9

He L., Zhou Z., Huang Y. et al. 2023. Evolutionary
Rates Divergence Rates and Performance of Individual
Mitochondrial Genes Based on Phylogenetic Analysis of
Copepoda. Genes 14:1496.D0I:10.3390/genes14071496

Holyniska M., Stugocki t., Ghaouaci S. et al. 2021.
Taxonomic Status of Macaronesian Eucyclops Agiloides
Azorensis (Arthropoda: Crustacea: Copepoda) Revisited
-Morphology Suggests a Palearctic Origin. European Journal
of Taxonomy 750:1-28.D0I:10.5852/€jt.2021.750.1357

Huys R., Boxshall G.A. 1991. Copepod Evolution. The
Ray Society. Nat. Hist. Mus. London.

Karanovic T. 2006. Two New Genera and Three New
Species of Subterranean Cyclopoids (Crustacea Copepoda)
from New Zealand with Redescription of Goniocyclops
Silvestris Harding 1958. Contributions to Zoology 74.
223-254. DOI:10.1163/18759866-0740304002

Karanovic T., Blaha M. 2019. Taming Extreme
Morphological Variability through Coupling of Molecular
Phylogeny and Quantitative Phenotype Analysis as a
New Avenue for Taxonomy. Scientific Reports 9:2429.
DOI:10.1038/s41598-019-38875-2




Madiop T.FO. u dp. / Limnology and Freshwater Biology 2024 (1): 14-47

Karanovic T., Grygier M., Lee W. 2013. Endemism
of Subterranean Diacyclops in Korea and Japan with
Descriptions of Seven New Species of the Languidoides-Group
and Redescriptions of D. Brevifurcus Ishida 2006 and D.
Suoensis Ito 1954 (Crustacea Copepoda Cyclopoida). ZooKeys
267: 1-76. DOI:10.3897/zookeys.267.3935

Karanovic T., Krajicek M. 2012. First Molecular Data on
the Western Australian Diacyclops (Copepoda Cyclopoida)
Confirm Morpho-Species but Question Size Differentiation
and Monophyly of the Alticola-Group. Crustaceana 85: 1549-
1569. DOI:10.1163/156854012X651709

Kochanova E., Nair A., Sukhikh N. et al. 2021. Patterns
of Cryptic Diversity and Phylogeography in Four Freshwater
Copepod Crustaceans in FEuropean Lakes. Diversity 13.
DOI:10.3390/d13090448

Kumar S., Stecher G., Li M. et al. 2018. MEGA X: Molecular
Evolutionary Genetics Analysis across Computing Platforms.
Molecular Biology Evolution 35:1547-1549. DOI:10.1093/
molbev/msy096

Letunic I, Bork P. 2021. Interactive Tree Of Life
(iTOL) v5: An Online Tool for Phylogenetic Tree Display
and Annotation. Nucleic Acids Research 49:W293-W296.
DOI:10.1093/nar/gkab301

Li G.Q., Hu Y.L, Kanu S. et al. 2003. PCR Amplification
and Sequencing of ITS1 rDNA of Culicoides Arakawae.
Veterinary Parasitology 112:101-108.DOI:10.1016/S0304-
4017(02)00409-0

Luo A., Ling C., Ho S.Y.W. et al. 2018. Comparison of
Methods for Molecular Species Delimitation Across a Range
of Speciation Scenarios. Systematic Biology 67: 830-846.
DOI:10.1093/sysbio/syy011

Machida R.J., Miya M.U., Nishida M. 2002. Complete
mitochondrial DNA sequence of Tigriopus japonicus
(Crustacea: Copepoda). Marine Biotechnology 4: 406-417.
DOI1:10.1007/s10126-002-0033-x

Mayor T., Zaidykov L., Kirilchik S. 2019. Morphological
and Genetic Polymorphism of New Diacyclops Taxonomic
Group from Lake Baikal (Copepoda: Cyclopoida). Limnology
and  Freshwater Biology. DOI:10.31951/2658-3518-
2019-A-1-163

Michels J., Biintzow M. 2010. Assessment of Congo Red asa
Fluorescence Marker for the Exoskeleton of Small Crustaceans
and the Cuticle of Polychaetes. Journal of Microscopy 238:
95-101. DOI:10.1111/j.1365-2818.2009.03360.x

Minh B.Q., Schmidt H.A., Chernomor O. et al. 2020.
R. IQ-TREE 2: New Models and Efficient Methods for
Phylogenetic Inference in the Genomic Era. Molecular Biology
and Evolution 37:1530-1534. DOI:10.1093/molbev/msaa015

Monchenko V.I. 1974. Gnathostoma Cyclopoida
Cyclopidae. Fauna of Ukraine. Kiev: Naukova dumka. (in
Ukrainian)

Monchenko V.V., Klein J.C. 1999. Oligomerization
in Copepoda Cyclopoida as a kind of orthogenetic
evolution in the animal kindom. Crustaceana 72: 241-264.
DOI:10.1163/156854099503320

Monchenko V.I. 2000. Cryptic species in Diacyclops
bicuspidatus  (Copepoda:Cyclopoida):  evidence from
crossbreeding studies. Hydrobiologia 417: 101-107.
DOI:10.1023/A:1003811606429

Moskalenko V.N., Neretina T.V., Yampolsky L.Y. 2020.
To the origin of Lake Baikal endemic gammarid radiations
with description of two new Eulimnogammarus spp. Zootaxa
4766 (3):zootaxa.4766.3.5. DOI: 10.11646/zootaxa.4766.3.5

Novikov A., Fefilova E. 2021. Morphology of the
Cephalothorax Integument of Bryocamptus Pygmaeus
(Copepoda: Harpacticoida: Canthocamptidae) Based on a
New Research Method. Zoosystematica Rossica 30:320-330.
DOI:10.31610/zsr/2021.30.2.320

47

Pentinsaari M., Vos R., Mutanen M. 2017. Algorithmic
Single-Locus Species Delimitation: Effects of Sampling Effort
Variation and Nonmonophyly in Four Methods and 1870
Species of Beetles. Molecular Ecology Resources 17: 393-404.
DOI:10.1111/1755-0998.12557

Pesce G.L. 1994. The genus Diacyclops Kiefer in Italy: a
taxonomic ecological and biogeographical up-to-date review
(Crustacea Copepoda Cyclopidae). Arthropoda Selecta
3(3-4):13-19

Phillips R.B., Matsuoka M.P., Konon I. et al. 2000.
Phylogenetic Analysis of Mitochondrial and Nuclear
Sequences Supports Inclusion of Acantholingua Ohridana
in the Genus Salmo. Copeia 2: 546-550 DOI:10.1643/0045-
8511(2000)000[0546:PAOMAN]2.0.CO;2

Puillandre N., Brouillet S., Achaz G. 2021. ASAP: Assemble
Species by Automatic Partitioning. Molecular Ecology
Resources 21: 609-620. DOI:10.1111/1755-0998.13281

Reid J.W., Strayer D.L. 1994. Diacyclops dimorphus
a new species of copepod fom Florida with comments on
morphology of interstitial cyclopinae cyclopids. Journal of
the North American Benthological Society 13(2): 250-265

Rozas J., Sdnchez-DelBarrio J.C., Messeguer X. et al. 2003.
DnaSP DNA Polymorphism Analyses by the Coalescent and
Other Methods. Bioinformatics 19: 2496-2497. DOI:10.1093/
bioinformatics/btg359

Schon 1., Pieri V., Sherbakov D.Y. et al. 2017. Cryptic
Diversity and Speciation in Endemic Cytherissa (Ostracoda,
Crustacea) from Lake Baikal. Hydrobiologia 800: 61-79.
DOI:10.1007/s10750-017-3259-3

Sheveleva N.G., Mirabdulaev I.M., Ivankina E.A. et al.
2012. The species composition and ecology of Cyclopoids in
Lake Baikal. In: International Conference “Actual problems
of studying of the Crustaceans of continental waters“, Borok,
Russia, November 5-6, 2012; Kostroma Printing House:
Kostroma

Sheveleva N.G., Proviz V.I., Lukhnev A.G. et al. 2013.
Biology of the coastal zone of Lake Baikal. Part 4. Taxonomic
diversity of the benthic fauna in the splash zone of Lake Baikal
(in the vicinity of Berezovy Cape — Bol’shye Koty Bay) Izvestia
Irkutskogo Gosudarstvennogo Universiteta. Seria “Biologia.
Ecologiya” 2: 132-143

Sheveleva N., Timoshkin O., Aleksandrov V. et al.
2010. A New Psammophilic Species of the Genus Diacyclops
(Crustacea: Cyclopoida) from the Littoral Zone of Lake Baikal
(East Siberia). Invertebrate zoology 7: 47-54, DOI:10.15298/
invertz0o0l.07.1.03

Sheveleva N.G., Mirabdullaev I.M. 2017. Redescription of
the Female and the First Description of the Male of Diacyclops
Arenosus (Mazepova 1950) (Copepoda, Cyclopoida) from Lake
Baikal. Zoologicheskii Zhournal 96: 631-640. DOI:10.7868/
S0044513417060095

Sukhikh N., Abramova E., Holl A. et al. 2020. Comparative
Analysis of Genetic Differentiation of the E. Affinis Species
Complex and Some Other Eurytemora Species, Using the
CO1, nITS and 18SrRNA Genes (Copepoda, Calanoida).
Crustaceana 93: 931-955. DOI:10.1163/15685403-bjal0074

Vdinola R., Kamaltynov R.M. 1999. Species diversity
and speciation in the endemic amphipods of Lake Baikal:
molecular. Crustaceana 72: 945-956

Zagoskin M.V., Lazareva V.I., Grishanin A.K. et al. 2014.
Phylogenetic Information Content of Copepoda Ribosomal
DNA Repeat Units: ITS1 and ITS2 Impact. BioMed Research
International: €926342. DOI:10.1155/2014/926342

Zhang J., Kapli P., Pavlidis P. et al. 2013. General Species
Delimitation Method with Applications to Phylogenetic
Placements. Bioinformatics 29: 2869-2876. DOI:10.1093/
bioinformatics/btt499




