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ABSTRACT. Oligochaetes inhabiting freshwater ecosystems are considered promising indicators of eco-
logical status due to their sensitivity to environmental changes. However, traditional identification
based on morphological characteristics is often challenging. The application of molecular techniques,
particularly DNA barcoding of the mitochondrial cytochrome c oxidase subunit I (cox1) gene, improves
the accuracy of species identification and enhances our understanding of oligochaete genetic diversity.
This study presents new data on taxonomic and genetic diversity of aquatic oligochaetes (Annelida,
Clitellata) from various freshwater bodies in the European North-East of Russia. A discrepancy was
revealed between morphological (17 species) and molecular (26 genetic lineages) differentiation of taxa.
Significant cryptic diversity was recorded in Tubifex tubifex (Miiller, 1774) and Limnodrilus hoffmeisteri
Claparede, 1862, which were subdivided into 11 genetic lineages, with maximum intraspecific cox1
distances reaching up to 26.1%. The presence of Tasserkidrilus kessleri (Hrabé, 1962), identified through
molecular data, was recorded for the first time in the Vychegda River basin. The results confirm the high
effectiveness of molecular approaches for studying biodiversity in northern freshwater ecosystems and
provide a foundation for the development of a regional reference library of DNA barcodes.
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1. Introduction Among aquatic oligochaetes, particular atten-

tion is paid to the family Naididae — the most diverse
and ecologically significant group (Timm, 2017).
Representatives of this family are widely distrib-
uted in freshwater ecosystems worldwide, including
waterbodies of the European North-East of Russia
(Popchenko, 1988; Baturina, 2007; 2022; Baturina
and Fefilova, 2021). The high ecological plasticity of
Naididae, including varying levels of tolerance to pol-
lution, makes them important targets for bioindication.
Consequently, developing reliable molecular identifi-
cation methods constitutes a key objective for enhanc-
ing environmental monitoring programs (Lafont et al.,
2010; 2012; Vivien et al., 2019; 2020a; 2020b).

The widespread use of oligochaetes in routine
ecological assessment is often limited by difficulties in
their precise species-level identification based on mor-
phological characteristics (Lévéque et al., 2005), which
compromises the accuracy of bioindication assessments

Freshwater oligochaetes (Annelida: Oligochaeta),
owing to their high sensitivity to various types of
anthropogenic impact, are widely utilized in the eco-
logical monitoring of aquatic ecosystems (Rodriguez
and Reynoldson, 2011; Lafont et al., 2010; 2012; Vivien
et al., 2014). Of particular significance in this context
is the study of water bodies in the Northern European
Russia — an extensive region characterized by diverse
natural conditions and the presence of unique aquatic
ecosystems. Despite its relative remoteness from major
industrial centers, many catchment areas have been
subjected to the influence of local and regional forms
of economic activity, including timber harvesting, min-
eral extraction, wastewater discharge, and hydrological
regime alterations. The application of molecular iden-
tification methods holds promise as a tool for biodiver-
sity inventory and monitoring the state of the region’s
aquatic ecosystems.

*Corresponding author.
E-mail address: baturina@ib.komisc.ru (M.A. Baturina)

© Author(s) 2025. This work is distributed
Received: July 23, 2025; Accepted: August 15, 2025; under the Creative Commons Attribution- BY NG
Available online: August 31, 2025 NonCommercial 4.0 International License.

414


https://www.doi.org/10.31951/2658-3518-2025-A-4-414
https://orcid.org/0000-0002-6521-6609
mailto:baturina@ib.komisc.ru

Baturina M.A. et al. / Limnology and Freshwater Biology 2025 (4): 414-427

SI: “The VIII-th Vereshchagin Baikal Conference”

(Vivien et al., 2017). Progress in addressing this issue
has been facilitated by the implementation of DNA
barcoding methods, primarily based on the analysis of
the mitochondrial cytochrome c oxidase I (cox1) gene.
Comparing standardized DNA fragments with reference
libraries enables rapid and accurate species identifica-
tion, independent of specimen condition, thereby over-
coming the limitations of traditional morphological
approaches (Rougerie et al., 2009; Kvist et al., 2010;
Martinsson et al., 2013).

For several regions, DNA reference databases of
Oligochaeta are currently being developed, for exam-
ple, Switzerland (Vivien et al.,, 2017) and Sweden
(Erséus et al., 2023), and China (Zhou et al., 2021).
For other territories, including Russia, such resources
remain extremely limited. Given the regional specific-
ity of species composition in northern waters, estab-
lishing comprehensive regional DNA barcode libraries
represents an urgent task. This necessitates primary
research aimed at identifying oligochaete species diver-
sity using modern genetic methods. Such data are
essential both for the fundamental understanding of the
region’s biological diversity and for developing effec-
tive environmental monitoring tools.

The aim of this study is to present the first DNA
barcoding data for freshwater oligochaetes (Annelida:
Oligochaeta) from the European North-East of Russia.

2. Materials and methods

A defining characteristic of the landscapes
within the European North-East of Russia is their high
water saturation (Popchenko, 1988). Most of the sam-
ples in this study were collected from the Vychegda
River basin (Fig. 1). The Vychegda River, the largest
left tributary of the Severnaya Dvina (White Sea basin),
flows through the taiga zone of the European North of
Russia, within the territories of the Komi Republic and
Arkhangelsk Oblast. Its total length is 1130 km, with
a catchment area of 121 thousand km?2 The average
density of the river network is 0.62 km/km?. The total
basin area comprises 122,770 km? and its geograph-
ical coordinates span latitudes from 59°55” to 64°30’
N and longitudes from 46°30” to 55°30’ E. Oligochaete
samples were collected in various types of water bod-

[

1. Severnaya Dvina
2. Vychegda river basin
3. Polar Ural

ies and the main river channel, during May-July 2021-
2024. Additionally, several samples were taken from
the Severnaya Dvina River (61°176” N; 46°38’9” E)
in July 2024 and from water bodies in the Polar Ural
(66°48’25” N; 65°48712” E) in July 2023.

Oligochaete samples were collected using a han-
dle blade trawl (Zinchenko et al., 2014) on gravel or
sand substrates. Specimens were fixed in a 96 % eth-
anol. Morphological analysis was conducted using
the «Hardware and Software Complex of Microscopy
and Microanalysis (MCView)» (LOMO-Microsystems,
Russia) and a «Nexcope NIB950FL-DIC v2» microscope
(Novel Optics, China). Oligochaete specimens were
identified to the finest possible taxonomic level (species,
where feasible). Species determinations were based on
existing taxonomic keys (Chekanovskaya, 1962; Timm,
2009) in accordance with the current classification of
each group. Voucher specimens were deposited at the
Institute of Biology, Komi Science Centre, Ural Branch
of the Russian Academy of Sciences, Syktyvkar.

Molecular genetic analysis of 151 oligo-
chaete specimens was conducted based on nucleotide
sequences of a fragment of the mitochondrial cyto-
chrome c oxidase subunit I (cox1) gene. The last 10-15
segments of each worm were placed in 10 puL of a 6%
Chelex 100 solution, proteinase K was added, and sam-
ples were incubated for 30 minutes at 55 °C, followed
by 15 minutes at 99 °C. Amplification and sequenc-
ing of the coxl fragments were performed at the
Center for Collective Use “Molecular Biology” of the
Institute of Biology, Komi Science Center, Ural Branch
of the Russian Academy of Sciences, with a portion of
DNA samples sequenced at Sintol LLC (Moscow). PCR
amplification utilized the ScreenMix HS PCR premix
(Eurogen, Russia), universal Metazoa primers (Folmer
et al., 1994; Prosser, 2013), and a T100 thermal cycler
(BioRad, USA). The PCR protocol included an initial
denaturation step at 94 °C for 5 minutes, followed by
four cycles of 90 °C for 30 seconds, 45 °C for 60 sec-
onds, and 72 °C for 90 seconds; then 30 cycles of 90
°C for 30 seconds, 55 °C for 45 seconds, and 72 °C for
60 seconds; and a final elongation step at 72 °C for 5
minutes. The resulting sequences were submitted to the
international molecular database NCBI GenBank.
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Fig.1. Sample point map. Marked in grey are the sampling locations.
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The cox1 sequences obtained in our study were
compared with GenBank (NCBI) sequences. In cases of
unidentified sequences, an additional search was per-
formed using BLAST analysis (http://blast.ncbi.nlm.
nih.gov). All sequences have been registered in NCBI
GenBank.

Initial processing of molecular data was per-
formed using the Unipro UGENE software package
(Okonechnikov et al., 2012). Nucleotide sequences
were aligned using the ClustalO algorithm (Sievers
et al., 2011). A phylogenetic tree with bootstrap sup-
port values (750 replicates) was constructed using the
maximum likelihood method applying the optimal sub-
stitution model GTR+ G+1, as calculated in MEGA X
software (Nei and Kumar, 2000; Kumar et al., 2018).
Genetic distances were also calculated in MEGA X using
the Kimura 2-parameter (K2P) model (Kimura, 1980)
for the purpose of comparison with previously pub-
lished (Vivien et al., 2015; Vivien et al., 2017; Liu et
al., 2017; Zhou et al., 2021).

Species delimitation was performed using the
hierarchical clustering algorithm ASAP and ABGD
(https://spartexplorer.mnhn.fr) with default settings.
The final phylogenetic tree was edited using ITOL
(https://itol.embl.de), where samples belonging to the
same genetic cluster were grouped together. On the
illustrated trees, the bootstrap values higher than 70
% are shown.
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3. Resulits

A total of 151 oligochaete worm specimens
from diverse aquatic habitats — including small lakes;
small, medium, and large rivers — were sequenced.
Morphological analysis assigned the specimens to two
families: 149 to Naididae (11 — subfamily Naidinae, 138
— subfamily Tubificinae), 2 to Lumbriculidae (Table 1).
Seventeen species wereidentified in total. The most abun-
dantly represented taxa were: Limnodrilus hoffmeisteri
Claparede, 1862 (73 specimens), Tubifex tubifex
(Miiller, 1774) (34 specimens), and Limnodrilus udeke-
mianus Claparéde, 1862 (8 specimens) (Table 1).

Intraspecific genetic distances among the stud-
ied specimens exhibited considerable variation. The
highest divergence was recorded for Tubifex tubifex (up
to 26.1%), Limnodrilus hoffmeisteri (up to 25.7%), and
Limnodrilus udekemianus (up to 13.5%). Conversely, the
lowest distances (< 1%) were observed in Tasserkidrilus
kessleri (0.3%) and Potamothrix hammoniensis (0.7%).

Based on the dataset partitioning using the ASAP
algorithm of the data set (151 specimens, 17 species)
delineated 26 robust genetic groups (Table 1, Fig. 2).
Delimitation with the ABGD algorithm yielded, in
our view, overestimated results, recovering 34 groups
within the same dataset. Therefore, subsequent dis-
cussion relies on the ASAP results (Table 1, Fig. 2).
Compared to morphological identifications, T. tubifex

Lumbriculidae sp.
Lumbriculus variegatus
Naididae sp.
Rhyacodrilus sp.

Dero obtusa-nivea
Aulophorus furcatus

| Lumbriculidae

| Rhyacodrilinae

Uncinais uncinata
Ophidonais serpentina
Stylaria lacustris

Naidinae

Spirosperma ferox
Tasserkidrilus kessleri
Aulodrilus pluriseta
Tubifex tubifex B

QPOtamolhrix hammoniensis
Lophochaeta ignota
Tubifex newaensis

Limnodrilus udekemianus
Limnodrilus hoffimeisteri 1X
Tubifex tubifex E

Tubifex tubifex D

Tubifex tubifex C

Tubifex tubifex ]

Tubifex tubifex A

Limnodrilus hoffmeisteri X

Tubificinae

Limnodrilus claparedeanus
Limnodrilus hoffmeisteri VIII
Limnodrilus hoffmeisteri VII a
Limnodrilus hoffmeisteri VII b

Fig.2. Maximum likelihood phylogenetic tree based on coxI gene sequences. The tree displays sequences partitioned by
ASAP. Sequences of each group (Table 1) are collapsed into triangles, with the area of the triangle proportional to intragroup
distances. Bootstrap support values >70% are shown at nodes.
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comprised six distinct lineages (A, B, C, D, E, J), while
L. hoffmeisteri resolved into five groups (VIIa, VIIb,
VIIL, IX, X). The remaining specimens clustered into 15
genetic groups congruent with morphological assign-
ments, as illustrated in Fig. 2.

Among the 26 genetic groups identified across
the studied waterbodies of the European North-East
Russia, all were represented in the NCBI GenBank
database from other geographical regions. Exceptions
included Oligochaeta sp. (attributed to family
Lumbriculidae via BLAST analysis) and Naididae sp.,
which showed highest similarity to Rhyacodrilus sp.
(GenBank: PP137071, Sweden). Two taxa - Dero sp.
and Tasserkidrilus kessleri were exclusively identified
through molecular methods. Dero sp. exhibited identi-
cal cox1 sequences to Dero nivea (GenBank: PP136348,
Sweden) and Dero obtusa (GenBank: AF534838, USA).
Immature Tubificinae specimens possessing hair chae-
tae were genetically assigned to Tasserkidrilus kessleri,
matching reference sequences of this species (GenBank:
PP137164, Netherlands).

For the delineated genetic groups, minimum
intergroup genetic distances ranged from 8.7% to
23.9% (Table 1), indicating a high degree of genetic
differentiation. Maximum intragroup distances (Table
1) varied between 0.0% and 16.4%. Most groups exhib-
ited maximum intragroup distances below 1%, includ-
ing taxa such as Tubifex tubifex lineages A, D, J, Tubifex
newaensis, Spirosperma ferox, and Aulophorus furca-
tus. The highest values were recorded for Limnodrilus
hoffmeisteri lineages VIII and IX, and L. udekemianus,
correlating with elevated mean intragroup distances
(Table 1).

4. Discussion

The present study confirms the efficacy of the
mitochondrial cox1 gene as a standard marker for DNA
barcoding of aquatic oligochaetes. Application of the
ASAP method delineated 26 genetic groups, exceeding
the number of morphologically identified taxa (17 spe-
cies). This discrepancy is partly attributable to a high
proportion of morphologically unidentifiable imma-
ture specimens and, concurrently, to extensive cryp-
tic diversity previously documented in Tubifex tubi-
fex (Sturmbauer et al., 1999), Lumbriculus variegatus
(Gustafsson et al., 2009), and Limnodrilus hoffmeisteri
(Liu et al., 2017). Furthermore, genetic analysis enabled
the identification of several taxa (Tasserkidrilus kessleri,
Rhyacodrilus sp., Lumbriculidae sp.) that remained
undetected when only morphological characteristics
were used.

The cox1 analysis results presented in Table
1 demonstrated high minimum intergroup distances
(ranging from 8.7% to 23.9%) between most lineages,
indicating their genetic distinctness. Particularly illus-
trative is the case of Limnodrilus hoffmeisteri, for which
lineages VIIa and b, VIII, IX, and X, corresponding to
those previously described in other countries (Liu et
al., 2017), were identified within the studied area. A
similar pattern is observed in the T. tubifex A-J com-
plex, which likewise exhibits intricate intragroup and
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intergroup relationships. The lineages of both spe-
cies, lacking consistent morphological distinctions,
likely represent cryptic species complexes identifiable
solely at the molecular level, as evidenced by the high
intraspecific diversity. However, confirmation of this
hypothesis requires the application of an integrative
approach combining molecular, morphological, and
eco-geographical data. DNA barcoding proves indis-
pensable for ecological monitoring. The detection of
cryptic complexes exhibiting differential pollution sen-
sitivity (e.g., to Cd in T. tubifex lineages) enhances the
precision of biomonitoring (Sturmbauer et al., 1999;
Gustafsson et al., 2009).

The majority of groups, including T. tubifex lin-
eages A, D, J, Tubifex newaensis, Spirosperma ferox, and
Aulophorus furcatus, are characterized by low intragroup
distances (<1%) and a zero mean distance (Table 1),
signifying their genetic homogeneity.

Conclusions regarding monophyly or polyphyly
in our study are not possible. At this stage, the data are
limited by the number of samples and genes. For cer-
tain taxa, additional sampling is required; as in certain
cases, the inferred phylogeny is not supported by statis-
tical methods (bootstrap support < 70%).

The application of molecular methods enabled us
to obtain new data. All oligochaete lineages identified
in our study are likely to occur in other countries, par-
ticularly within European waters. Several species, such
as Tasserkidrilus kessleri, exhibit notable biogeographic
histories. According to Timm (1989), this species was
originally described from Lake Onega but also occurs
in Central and Eastern Europe, including the basins of
Lake Baikal, the Angara River, the Caspian Sea, and
even the Laurentian Great Lakes in North America. This
species has been recorded for the first time in the Komi
Republic, specifically within the Vychegda River basin.

Based on comparison with GenBank, the Dero sp.
lineage may correspond to either D. obtusa or D. nivea.
Differentiation between these two species based on
chaetae morphology is challenging, as they have very
similar descriptions regarding the number and shape of
ventral and dorsal chaetae and can be mistaken for one
another (Chekanovskaya, 1962). As is known (Smith,
1985), in the case of D. digitata (Miiller, 1774) and D.
nivea, qualitative traits have already been shown to be
unreliable due to their intra- and interspecific variabil-
ity. D. obtusa and D. nivea differ in the shape of the
branchial disc (Timm, 2009). However, on our slides,
we were unable to examine this feature as the poste-
rior part of the specimen was used for genetic analy-
sis. In Russia, D. nivea has not been previously reported
(Chekanovskaya, 1962), although it is described as cos-
mopolitan (Timm, 2009). Thus, at this stage, the ques-
tion of identifying the Dero sp. remains unresolved

Furthermore, unique genetic lineages
(Lumbriculidae sp., Rhyacodrilus sp.) were identified in
Northern European waterbodies. The absence of simi-
lar sequences in GenBank suggests their potential ende-
mism, warranting further study.

Our results provide a foundation for establish-
ing a coxl reference library for waterbodies in the
European North-East of Russia, enabling rapid speci-
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men oligochaetes classification for ecotoxicological
studies and biodiversity assessments.

5. Conclusion

The present study demonstrated that the applica-
tion of molecular genetic approaches, particularly the
analysis of the mitochondrial coxI gene, significantly
enhances our understanding of species and intraspe-
cific structure of aquatic oligochaete communities in
freshwater ecosystems of the European North-East of
Russia. The results revealed pronounced cryptic diver-
sity in several widespread taxa, such as Tubifex tubifex
and Limnodrilus hoffmeisteri. Previously unrecognized
genetic lineages were identified, including poten-
tially endemic forms, highlighting the importance of
an integrative approach to biodiversity assessment.
Despite certain sampling limitations for some taxa,
the obtained data lay the groundwork for the devel-
opment of a regional reference sequence database and
further taxonomic clarification of problematic groups.
The identification of taxa that cannot be distinguished
using morphological traits confirms the practical value
of DNA barcoding for diagnostic and biomonitoring
purposes, particularly in ecologically vulnerable north-
ern regions. Promising directions for future research
include expanding geographic coverage, incorporating
nuclear markers, and conducting comprehensive com-
parisons with ecological and toxicological data, which
will enable a more accurate interpretation of the eco-
logical roles of different oligochaete lineages in fresh-
water ecosystem functioning.
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OpuruHanbHan craTbf

lNMepBble pe3yabTaThl AHK-6apK0_AHPOBaH“’| LIMNOLOGY
npecHOBOAHbIX oanuroxet (Annelida, FRESHHTWATER
Oligochaeta) Eeponenckoro Ceesepo- BIOLOGY

Boctoka Poccun -

Barypuna M.A.!'", Tony6eB M.A.'?, BakamkuHa A.C."%, Mapuenko }O.B.!2

T HUncmumym 6uostoeuu Komu HI] YpO PAH, 28 yn. KommyHucmuueckas, 167982 Ceikmoiekap, Poccus
2@rBOY BO «Ceikmolekapckuii eocyoapcmaeHHblll yHugepcumem umeHu ITumupuma CopokuHa», Okmabpeckuii npocnekm, 55,
167001, Ceikmwigkap, Poccus

AHHOTAILIUS. OnuroxeTsl, oOMTAaloOMKe B MPECHBIX BOJJOEMAaX, PaCCMaTPUBAIOTCA KaK MepCleKTUBHbIE
VHIUKATOPBI 9KOJIOTMYECKOTO COCTOSTHIUA BOJHBIX 9KOCHCTEM, HO UX TPAaOUIIMOHHAA NAeHTUhUKAIIA Ha
OCHOBe MOP(}OJIOTMYECKUX IPU3HAKOB YacTO 3aTPyAHUTENbHA. VICIIOIb30BaHNE MOJIEKYIAPHBIX METO-
JI0B, B YaCTHOCTH I10CJIeI0OBaTEJIbHOCTEH HYKJIEOTUIOB (hparMeHTa reHa epBoi CyObe JUHHUIIBI IUTOXPO-
Mokcupaassl (cox1) mutoxoHzpuanbHou JHK, mo3BosisfeT MOBBICUTh TOYHOCTh OINpejiesIeHUs1 BUIOBOM
IPUHALJIEXHOCTU Y PACHIMPUTH IIPeJICTAaBJIEHNE O TeHETHYeCKOM pa3HOo0Opas3nuy oJIuroxer. B npencras-
JICHHO! paboTe IpUBeIeHHI IIepBble Pe3yJIbTAThl aHAIN3a TeHeTUYECKOH CTPYKTYPhI BOAHBIX OJIUTOXET
(Annelida, Clitellata) u3 psga BogoémoB EBponetickoro CeBepo-Boctoka Poccuu. O6HApyXeHO HECOOT-
BeTCTBUE Mexay mopdoJsiornyeckoii (17 BHUIOB) U MOJEKYJsIpHOU (26 reHeTmdeckux rpynn) audde-
peHnmauein TakcoHoB. s BumoB Tubifex tubifex (Miiller, 1774) u Limnodrilus hoffmeisteri Claparéde,
1862 3adukcupoBaHO 3HAYMTEJBHOE KPUNTHYECKOe pa3HooOpasue, MPOsABJIAIIIeecs B pasleleHun
Ha 11 reHeTHMYeCcKUX JIMHUN C BHYTPUBUIOBHIMU paccTOAHUAMU 10 cox] o 26.1%. Ilna GacceiiHa p.
Brruerga BrepBbie oOTMeueHO npucyTctBue Tasserkidrilus kessleri (Hrabé, 1962), nneHTUOUIIMPOBAaHHOTO
MOJIEKYJIADHBIMU MeToaamu. [lojiyueHHble HaHHBIE MOATBEPXAAT 3(PGHEKTUBHOCTH HMHTETPHUPOBAH-
HOTO0 NOAX0/a B KCCIIeNOBaHUAX OMOpa3sHO0Opa3us CEBEPHBIX IPECHOBOJHBIX SKOCUCTEM U GOPMUPYIOT
OCHOBY ISl CO3JaHUsA PerMoHaJIbHON OuOJnoTeku 3TamoHHbX JJHK-noceioBaTelbHOCTEN.

Kiiouegwie cstoga: mpecHOBOIHBIE osuroxeThl, 6apkoauposanue THK, cox1, EBponerickuii CeBepo-BocTok Poccun

Ja nutupoBanus: batypuna M.A., T'ony6es M.A., bakamkuHa A.C., Mapuenko 10.B. ITepsbie pe3ybTatsl JIHK-OapkoaupoBaHus
mpecHOBOAHEIX osnroxet (Annelida, Oligochaeta) EBponeiickoro CeBepo-Boctoka Poccum // Limnology and Freshwater Biology.
2025. - No 4. - C. 414-427. DOI: 10.31951/2658-3518-2025-A-4-414

1. BBeAeH"e peruoHaJibHbIE (pOprI X035 CTBEHHOU AeATEJIbHOCTH,

BKJIIOYasi BBIPYOKY JI€COB, JOOBIUY IOJIE3HBIX MCKOIAe-
MBIX, cOpPOC CTOYHBIX BOJ] U M3MeHeHHe TUApoJioruye-
ckoro pexuma. [IpuMeHeHre MOJIEKYJIAPHBIX METO/IOB
UAeHTUUKAIIUY TIPENCTABIIAET COO0I MePCIeKTUBHBIN
WHCTPYMEHT JIJIl THBeHTapu3alu 61opasHoobpasus 1
MOHUTOPUHTA COCTOSHUS BOJIHBIX 3KOCHCTEM pervoHa.

Ocob6oe BHUMaHHE yOeJIIETCS  CEMEHCTBY
Naididae - nHauGosiee pasHOOOpa3HON M 3KOJIOTHUYE-
cku 3HaunMoM rpymmne (Timm, 2017), npeacraBuTesu
KOTOPOM IIMPOKO PaclpoCTPaHEHB B MPECHOBOIHBIX
3ymomierocsi pasHooOpasueM MNPUPOAHBIX YCJIOBUI U SKOCHCTEMAaX MO BCEMy MUpPY, BKJI0Yasd BOHOEMbI
HaJIN4leM YHUKaJIbHBIX BOAHBIX 3KocucTeM. HecmoTpsa Esponefickoro Cesepo-Boctoka Poccuu (ITomueHKo,
Ha OTHOCHUTEJIbHYIO yNAJIEHHOCTh OT KPYMHBIX IPO- 1988; Baturina, 2007; 2022; Baturina and Fefilova,
MBIIIJIEHHBIX IIEHTPOB, HAa MHOTHeE y4acTKH BOJ0CGO- 2021). Beicokasg 3KoJIOTMUecKas  ILJIACTUYHOCTH

POB IPOAOJIKAKT OKa3bIBaTh BJIMAHME JIOKAJIbHBIE U Naididae, BKJIIOYAs PA3JIMUHYI0 CTEIeHb TOJIEPAHTHO-

[TpecHOBOIHEIE OJIUTOXEeTEHI (Annelida:
Oligochaeta) 6Gyiarofaps BBICOKOM YyBCTBUTEJIBHOCTH
K pas3/IMYHBIM THUIIAM aHTPOIIOT€HHOT'O BO3AeHCTBUA
MIMPOKO MCIIOJIB3YIOTCA B 3KOJIOTMYECKOM MOHUTO-
puHre BoaHbIx 3kocucteM (Rodriguez and Reynoldson,
2011; Lafont et al., 2010; 2012; Vivien et al., 2014).

Ocoby10 3HAUYMMOCTb B 3TOM KOHTEKCTe Ipef-
cTaBJigeT u3yueHUe BogoeMoB EBpormelickoro CeBepo-
Boctoka Poccuu — oOMMPHOrO permuoHa, XapakTepu-

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: baturina@ib.komisc.ru (M.A. Barypuna)

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
INocmynwna: 23 vtoina 2025; IIpunama: 15 asrycra 2025; eTcs o MexIyHapoJHo! jiutieH3uel Creative BY NG
Ony6tukoadana online: 31 aprycra 2025 Commons Attribution-NonCommercial 4.0.

421


https://www.doi.org/10.31951/2658-3518-2025-A-4-414
https://orcid.org/0000-0002-6521-6609
mailto:baturina@ib.komisc.ru

Bamypura M.A. u dp. / Limnology and Freshwater Biology 2025 (4): 414-427

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

CTU K 3arpsA3HEHUI0, AeJlaeT UX BAKHBIMU OObeKTaMu
aisa  OououHawkanuu. ClieoBaTesbHO, pa3paboTka
HAZIe)KHBIX METOAOB WX MOJIEKYJIAPHONU WAeHTU(DU-
Kaluy SIBJIAETCSA KJIFOYEBOHM 3ajjauell Ui COBEpIIEH-
CTBOBAHHUA NPOrpaMM 3KOJIOTHYECKOTO MOHHUTOPHHIA
(Lafont et al., 2010; 2012; Vivien et al., 2020a; 2019;
2020b).

[II1poKoe KUCIOJIb30BAaHUE OJIUTOXET B PYTUHHOM
HKOJIOTUYECKOU OIleHKe YaCTO OrPaHUYMBAETCA TPYH-
HOCTAMU UX TOYHOHN MAEHTUGUKALUY 10 YPOBHA BUIA
Ha OCHOBe MopdoJiorniyeckux npusHakoB (Leveque et
al., 2005), 4TO CHMXAaeT TOYHOCTh OMOMHIUKAIOH-
HbIX oreHOK (Vivien et al., 2017). IIporpecc B pele-
HUU 3TON npoObJieMbl CcTajl BO3MOXeH 6jarofaps BHe-
apeHuio MeToioB JJHK-IITPpUXKOAUPOBAHMUS, B IEPBYIO
ovyepe/ib HA OCHOBE aHAJIN3a MUTOXOHAPUAJILHOTO TeHa
UTOXpOoM-c-oKkcuaassl I (cox1). CpaBHeHME CTaHAAPT-
HbIx yyactkoB JJHK ¢ pedepeHCHBIMU OUOIMOTEKAMU
MMO3BOJIUT TMPOBOAUTH OBICTPYI0 W TOYHYI BHUIOBYIO
UaeHTU(PUKAINI0, HE3aBUCHMO OT COCTOSHUSA OCOOEH,
MpeooJieBas OrpaHUYEHUs TPaJULUOHHBIX MOP(dOJIO-
rudyeckux noaxonoB (Rougerie et al., 2009; Kvist et al.,
2010; Martinsson et al., 2013).

JJ14 psAa peruoHOB Ha CErOqHALIHUN JIeHb yXe
coznarwTca JHK-pedepeHcHBIE 6a3bl OJIUTOXET, HAPU-
Mep, Ieeriapus (Vivien et al., 2017), lIsenus (Erséus
et al., 2023), Kuraii (Zhou et al., 2021). [na apyrux
TeppuUTOpUi, BKJIOYas Poccuio, Takue pecypchl Bce
elle KpaiiHe OrpaHUYEHbl. YUYUTHIBas PErvOHAJIBHYIO
cnenuduKy BUIOBOTO COCTaBa CEBEPHBIX BOIJOEMOB,
CO3/JaHME TIOJTHOIIEHHBIX PETMOHAJIBHBIX OUOJINOTEK
JHK-IITPpUXKOAOB BEChMA AKTYaJIbHO. DTO ONpedesseT
HeoOXOAMMOCTb TMPOBENEHUS TEPBUYHBIX HCCJIEAOBa-
HUH, HampaBJeHHBIX Ha HIAEHTUGUKALUI BUIOBOTO
pasHoo0pa3ys OJIrOXeT ¢ NMpUMEHEeHHeM COBpeMEH-
HBIX TeHETUYECKUX MeTOI0B. Takve NaHHbIE KPUTHYE-
CKM BaXKHBI Kak JJid GyHAAMEHTAJIBHOTO MOHUMAaHUA
OMOJIOTUYECKOTO pa3HOOOpa3usA pervuoHa, Tak W AJid
pa3paboTku 3PGhHeKTUBHBIX UHCTPYMEHTOB 3KOJIOTHAYE-
CKOT'O MOHUTOPHHTA.

Llespi0 JaHHOTO WCCJIEIOBAHUA SABJIAETCA TMpe-
CTaBjieHUEe TMepBHIX AaHHBIX JJHK-IITPpUXKOOMPOBAHUA
npecHOBOAHBIX oJsmroxer (Annelida: Oligochaeta)
EBpomnetickoro CeBepo-Bocroka Poccun.

2. MaTepuanbl U MEeTOADI

XapakTepHOi1 4epTol JJaHAmAadTOB TEPPUTOPUU
eBponelickoro CeBepa sABjfeTcs OoJjibllasA HachIIleH-
HocTh BojmaMu (ITomuenko, 1988). OcHOBHOII 00beM
obpasnoB mnosyueH HamMu u3 OacceiiHa p. Beiuerga
(Puc. 1). Pexa Briuerga, KpymHeHIINN JIEBBI MPUTOK
CeBepHoil [IBuHHI (6acceiiH Besoro mops), TedeT B
TaexHol 30He EBpomnelickoro CeBepo-BocToka Poccun,
Ha Tepputopuu Pecny6imuku Komu v ApxaHrebcKou
obsactu. E€ obmias aiauHa — 1130 kM, mIoIags Bogoc-
6opa — 121 TeIc. KM% CpenHss rycTOTa pPeYHOU CETH
- 0,62 kMm/xM2. Ob1as miomangs 6acceriHa COCTaBIIAET
122 770 xm?, a reorpaduvecKkue KOOPUHATHI OXBa-
THIBAIOT MIUPOTHL OT 59°55” fo0 64°30’ .. U OJITOTHI
oT 46°30” go 55°30’ B.A. OGpa3ifpl OJIUTOXeT coOUpa-
auck B mae-uwJe 2021-2024 r. B BojoemMax pasiiny-
HOI'0 THIIa U B OCHOBHOM pycJie peKd. J[oNoJIHUTEeIBHO,
HECKOJIbKO P00 Obl10 0TOOpaHo u3 p. CeBepHas J[BuHa
(61°176” c.m.; 46°38’9” B.4.) B mioje 2024 r. 1 BOJO-
eMoB IlonapHoro Ypasna (66°48’25” c. mi.; 65°4812”
B.I.) B utojie 2023 r.

[Ipo6el onuroxer ordOupasu rugpoduosioruye-
ckuM ckpebkom (Zinchenko et al., 2014) na rpasuii-
HBIX WJIM NlecyaHbIX rpyHTax. CoOpaHHbIe 5K3eMILIAPHI
dukcupoanu B 96 % cnupre. Mopdosornueckuit
aHajanu3 MPOBOAWJIM C MCIOJIb30BaHUEM «AmNmapaTHO-
[IPOrpaMMHOI0 KOMILIeKCa MUKPOCKONMU U MUKPO-
anamza (MCView)» (LOMO-Microsystems, Poccus)
n mukpockona «Nexcope NIB950FL-DIC v2» (Novel
Optics, Kuraii). O6pa3upl onuroxeT ObLIN MAeHTUDU-
I[pOBaHbI O CAMOI'0 HU3KOI'O YPOBHA (B, €c/Iv BO3-
MOXHO), Ha OCHOBE CYIIeCTBYIOINX OIpeAeIUTeIbHbIX
kiovent (YekanoBckas, 1962; Timm, 2009) B cooTBeT-
CTBUM C COBpeMeHHOH kiaccudukalueil. JTaJOHHbIE
00pa3sIipl XpaHATCA B KoJUIeKuyu MHeTuTyTa 61oJioruu
Komu HIT YpO PAH, r. ChIKTBIBKap.

MouJiekyJIspHO-TeHe TUYeCKU aHamu3 151
ofOpaslja oJIMroxer IPOBOJAWJIM Ha OCHOBE IOCJIEeNO-
BaTeJIbHOCTH HYKJIEOTUAOB ¢parMeHTa reHa IepBOH
cyObeUHUIIBI ITUTOXPOMOKCHA3bl (cox1) MHUTOXOH-
npuanbHoit THK. ITocnennue 10-15 cerMeHTOB uyepBs
noMemtany B 10 Mkt 6 % pactopa Chelex 100, mo6as-
Jsanu nporenHasy-K u makyOupoBanu B TeueHue 30
MuH npu 55 °C, 3areMm B TeueHue 15 MuH npu 99 °C.

]

1. p. CerepHasd [JpHHA
2. baccedH p. Bereraa
3. IMomApwei Ypan

= {r\f@”‘b

Poccus

Kapra-cxema ot6opa npo6. CepbiM OTMeUYeHBl MecTa oT6opa npoo.
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AvnnukanMio U CeKBeHUpOBaHUE (pparMeHTOB
cox] nposogunu B LIKII «MosekysisipHass OHUOJIOTH»
WHctutyTa 6uonoruu Komu HI[ YpO PAH, yacts o6pas-
uoB JJHK cekxBeHupoBasu B OO0 «CuHTos1» (MockBa).
Jia amniu@ukanuy KCNojb30Bajlyd TOTOBYI0 CMeECh
ana TP ScreenMix HS (EBporeH, Poccus), yHuBep-
cajipHBIe JJIA Bcex Metazoa npaiimepsl (Folmer et al.,
1994; Prosser, 2013) u tepmouukiep T100 (BioRad,
CIIIA). Peaknuio NpoBOAWJIM B CJIEAYIOIIEM pexume:
HavaJibHas AeHaTypanus — 5 muH npu 94 °C, ciefyio-
mre yeThipe Hukia no cxeme: 90 °C (30 c), 45 °C (60 c),
72 °C (90 ¢); 3ateM 30 nukioB 1o cxeme: 90 °C (30 ¢),
55 °C (45 ¢), 72 °C (60 c); xoHeyHass 3JIOHTAIUA — 5
MuH npu 72 °C. IlepBuuHasa o6paboTka MOJIEKYJIAp-
HO-TeHeTH4eCKUX AaHHBIX MPOBOAWJIACH C IOMOIIbIO
nporpammHoro nakera Unipro UGENE (Okonechnikov
et al.,, 2012). HywkyjieoTUAHBIE TOCJIEIOBATETBHOCTH
BBIPaBHUBAJIU ¢ TOMOIIbI0 ajroputMa ClustalO (Sievers
et al., 2011). IlosyyeHHble B HAIIeM HCCJIEIOBAHUU
IocjieJoBaTeJIbHOCTU cox] CpaBHMBAJIUCh C MOCJIENO-
BaTtesibHOCTAMHU GenBank (NCBI). B ciyuae HeuieHTH-
dunrpoBaHHBIX NIOCJIeA0BaTeIbHOCTEH OCYIeCTBIIIN
JIOIOJTHUTEJIBHBIN TIOKMCK C IOMOIIBI0 WHCTPYMEHTa
BLAST (http://blast.ncbi.nlm.nih.gov). Bce nocsenosa-
TeJIbHOCTH 3aperucTpUpoOBaHbl B MeXyHapoqHOH 6a3e
MOJIEKYJIAPHBIX JaHHBIX GenBank.

dusoreHeTuyeckoe JpeBO C pacyeToMm OyT-
cTpen-noAAepXkek y3JioB BeTBjeHuU: (750 perukanuii)
CTPOMJIOCH IO aJrOPUTMY MaKCHMaJjbHOTO IIpaBoIo-
J00uA ¢ nNpuMeHeHHeM pacCUUTaHHON ONTHMAaJIbHOMN
mopaenu — GTR+G+1 B nporpamMHOM obeclieueHUU
MEGA X (Nei and Kumar, 2000; Kumar et al., 2018).
leHeTnueckue OUCTAHIMK PAacCUMTHIBAJINCH TaKkKe B
nporpaMMHOM obecrieuennn MEGA X ¢ npuMeHeHneM
aByxmnapamMetpuueckoii Mogenu Kumypsl K2P (Kimura,
1980) c 11es1pI0 CpaBHEHMA C OMYyOJIMKOBAaHHBIMU paHee
(Vivien et al., 2015; Vivien et al., 2017; Liu et al., 2017;
Zhou et al., 2021).

Jliia BbIAEseHNA TpaHul] BHUJOB HCIOJIb30BAaJIU
aJITOpPUTMBI Mepapxuyeckoil kiactepusauuu ASAP u
ABGD (https://spartexplorer.mnhn.fr) co crangaprt-
HBIMU HacTpolikamu. ®uHaibHaA pefakuua ¢uiore-
HETHYECKOro JlepeBa ocymmectsisuiack B ITOL (https://
itol.embl.de). O6pa31pl, oTHOCANMECS K OAHOM reHe-
TUYeCKO rpylmne, ObIN cBeleHb BMecTe. Ha mpowus-
JIIOCTPUPOBAHHBIX JlepeBbAX MOKa3aHbl 3HayeHusd OyT-
cTpen-noagepxku Beiie 70%.

3. Pe3ynbTarthbl

Bcero Obi1 cekBeHupoBaH 151 o6pasel] oJu-
roxXeT M3 BOJOEMOB PA3JIMYHOIO TUIA: MAaJIblE 03€epa;
MaJible, cpeqHue, KpynHble peku. CorjiacHo MopdoJio-
TUYECKOMY aHAJIN3y 00paslbl MPUHAJIEXATN K BYM
cemerictBaMm: 149 o6pasnoB k cem. Naididae (11 - n/
cem. Naidinae, 138 — n/cem. Tubificinae), 2 — x cem.
Lumbriculidae (Ta6suua 1). Bcero uaeHTUGULIUPO-
BaHO 17 BumoB. Hanbosiee MHOTO4YMCIEHHO ObLITH TpE]-
ctaByeHsl: Limnodrilus hoffmeisteri Claparede, 1862 —
73 ocobent; Tubifex tubifex (Miiller, 1774) - 34 ocobu;
Limnodrilus udekemianus Claparede, 1862 — 8 ocobeii.
(Tabsmna 1).
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BHYTpUBHIOBBIE MOUCTAHIWU [JIA W3YYEHHBIX
006pas3ioB CUJIbHO BapbupoBaiu. A BumoB T. tubifex
(mo 26.1 %), L. hoffmeisteri (o 25.7 %), L. udekemianus
(mo 13.5 %) BeIABJIEHBI HaNOOJIEE BRICOKHE JUCTAHITUN.
Haumensiue quctaHnuu (MeHee 1 %) oTMeueHbI OJiA
BunoB Tasserkidrilus kessleri (Hrabé, 1962) (0.3 %) u
Potamothrix hammoniensis (Michaelsen, 1901) (0.7 %).

[lo pe3yapTaTam pasfesieHus Habopa MaHHBIX
anroputmMoM ASAP (151 ob6pazsern, 17 BuaoB) OBLIO
BHIJIEJIEHO 26 YCTOMYMBBIX Te€HETHYECKHUX TpYIIIL.
Henumutanysa aaroputMoM ABGD npuBOAWT K 3aBHI-
[IEHHBIM, O HAlleMy MHEHUI0 pe3yJibTaTraM, BBIfe-
A4 34 rpynmnsl B 3TOM ke Habope AaHHBIX. [ToaTomy
Jajiee pe3yJibTaThl 0OCyXJaloTcA, onmupasch Ha ASAP
(Tabmuna 1, Puc. 2). Tak, B cpaBHeHUU ¢ MOP(OJIOTU-
yeckuM onmicanueM, 1A T. tubifex mosyueHo 6 rpymnm
(A, B, C, D, E, J), nna L. hoffmeisteri — 5 rpynmn (VII a u
b, VIII, IX, X). OcTaJibHbIe 00pa3Lbl pa3fgeninch Ha 15
TPYII, COOTBETCTBYIOUINX MOP(OJIOrNYECKOMY OIHCa-
HHIO, YTO IIOKa3aHo Ha Puc. 2.

W3 26 reHeTUYECKUX TPy, yCTAHOBJIEHHBIX JJIA
M3yYEeHHBIX BOJOEMOB Ha TeppUTOpHU EBpormerckoro
CeBepo-BocToka Poccuu, Bce MPUCYTCTBOBAIM B Gase
nmauubix NCBI Genbank u3 apyrux crpas. 3a uckiove-
HHUeM AByX BuoB: Oligochaeta sp., KOTOpBIi IO pe3yJib-
tatraM BLAST aHanu3a MoxeT OBITh OTHECEH K CeM.
Lumbriculida, u Naididae sp., koTopbIii HauGoJiee cXo-
el ¢ Rhyacodrilus sp. (GenBank: PP137071, IlIBerus).
JBa Buna (Dero sp. u Tasserkidrilus kessleri) onpenesneHs
TOJIBKO MOJIEKYJIAPHBIM MeTOAOM. Bun Dero sp. upeH-
ThYeH ¢ Dero nivea Aiyer, 1929 (GenBank: PP136348,
IMIBenuss) u Dero obtusa Udekem, 1855 (GenBank:
AF534838, CIIIA). Hespennie ocobu Tubificinae sp.
C BOJIOCHBIMHU IIETUHKAMU HUAeHTU(GUIMPOBAHBl KaK
Tasserkidrilus kessleri, o6pa3isl cooTBercTBoBasd T.
kessleri (GenBank: PP137164, HunepsiaHzsl).

JnA BbIIEJIEHHBIX TeHETHYEeCKUX TpYII MUHU-
MaJIbHble ~MEXTPYIIOBblE TeHeTUYeCcKHue JUCTaH-
uu BapbupoBaiu ot 8.7 % go 23.9 % (Ta6iuna 1),
JEeMOHCTPUPYS BBICOKMH yPOBEHb T'€HETUYECKOU
auddepeHnmanuun.

MakcyuMaJsibHble ~ BHYTPUIPYIIIIOBBIE — AWCTaH-
mun (Tabauna 1) nsmensiuch ot 0.0 % mo 16.4 %. Y
GOJIBIIMHCTBA 3HAYEHUS MAaKCUMAJIbHOTO BHYTPUTPYI-
MOBOT'0 PACCTOSAHUA COCTAaBJIATIA MeHee 1%, BKITIOYAs
Takye TakcoHHI Kak T. tubifex nmuuum A, D, J, Tubifex
newaensis (Michaelsen, 1903), Spirosperma ferox Eisen,
1879, Aulophorus furcatus (Oken, 1815). Hau6osbiiue
3HaYeHus oTMeyvasuch i L. hoffmeisteri muuun VIII,
IX u L. udekemianus 1 KOppeJIMPOBAIN CO CPEIHUMU
BHYTpUTpynnoBeiMu aucraHuuamu (Tabiauna 1).

4. 06cyxpenue

Hacrosmiee nccjieqoBaHue MOATBEPXJAET
3 deKTUBHOCTh UCHOJIb30BaHUA MUTOXOHAPUAIBHOTO
reHa cox] B kauecTBe cTaHAapTHOro Mapkepa 111 JJHK-
MITPUXKOAUPOBaHUA BOAHBIX ojuroxet. IIpumMeHeHue
MeToga ASAP mo3BOJINMJIO BHIIEJIUTH 26 reHeTHUYeCcKUx
TpYMII, YTO MpeBHIIIaeT KOJMYECTBO TAKCOHOB, OIpee-
JN€HHBIX Mopdosiorudecku (17 BuaoB). ITO pacxoxie-
HHe OOBsCHsETCA, C OJJHOU CTOPOHBI, BBICOKOI JOJIeil
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Spirosperma ferox
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Tubifex tubifex B

Lophochaeta ignota
Tubifex newaensis

Limnodrilus udekemianus
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Tubifex tubifex D
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Limnodrilus hoffmeisteri VII a
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Puc.2. ®dusoreHeTuyeckoe AepeBo, HOCTPOEHHOe MeTOAOM MaKCUMAaIbHOTO IIPaBAONoOA00Ns, Ha OCHOBe MOCJIeJoBaTesIbHO-
crell reHa cox]1. JlepeBo MOKa3bIBaeT I1OCJIeIOBATEIbHOCTH, pa3zeseHHsle ASAP. ITocieqoBaTeIbHOCTH KaX a0 rpynnsl (TabJl.
1) ob6beuHEHBI B TPEYTrOJIbHUKY, IIPX 3TOM, YeM OOJIbllle IJIOMA/(b TPEYT'OJIbHUKA, TeM BhIIIE BHYTPUTDYIIIOBbIE [UCTAHIIUM.

Mudpamu ykazaHs 6ycTpen-noaaepxku 6osee 70 %.

He3peJsbix ocobeli, MopdoJsioruuecku HenaeHTUDUI-
pPYeMBIX, a ¢ OPYrofl — IIMPOKUM paclpoCTpaHeHUeM
KPUINITUYECKOT0 pa3Hoobpasus, paHee OTMEYEeHHOIro Y
Tubifex tubifex (Sturmbauer et al., 1999), Lumbriculus
variegatus (Miiller, 1774) (Gustafsson et al., 2009) u
Limnodrilus hoffmeisteri (Liu et al., 2017). Kpome ToTO,
reHeTUYeCKUI aHaJu3 MO3BOJIMI MAEHTUGOUINPOBAThH
pAn BumpoB (Tasserkidrilus kessleri, Rhyacodrilus sp.,
Lumbriculidae sp.), koTopsle ocTaimch HeOOHapyXKeH-
HBIMH TIPU HCIIOJIB30BAHUM TOJIBKO MOPG)OJIOrnYecKux
MIPU3HAKOB.

PesyneraThl aHanm3a coxl, mNpencTaBeHHBE
B Tabsine 1, MpoIeMOHCTPUPOBAIN BBICOKHE MUHU-
MaJibHble MeXTIpyIoBble paccrosHusa (oT 8.7 % mo
23.9 %) mexnay OOJIBIIMHCTBOM JIMHUHN, YTO yKa3bl-
BaeT Ha UX reHeTHUYecKy o0ocobyieHHOCTb. OcoOeHHO
nokasatejieH npumep L. hoffmeisteri s koToporo B
HMCcCJIeJOBAaHHBIX BogoeMax BbifesieHbl JJuHuUM VII a u
b, VIIL, IX, X, COOTBETCTBYIOIINE OMHCAHHBHIM pAHEE B
apyrux pervonax (Liu et al., 2017). CxogHas cuTyarus
HabsmomaeTcsa B komiutiekce T. tubifex A-J, KOTOpBIi
TaK Xe AEeMOHCTPHPYeT CJIOKHBIE BHYTPUI'DYIIIOBEIE
¥ MEXIDYNIIOBBE OTHOLIeHUA. JIMHUKM OGOUX BUJIOB,
He MMeolIye YCTONYMBEIX MOPG)OJIOTNYecKuX pasJiu-
YHuii, CKOpee BCero, MpeJCTaBJIsAI0T cOO0I KOMILIEKCHI
KPUNITUYECKUX BHUZOB C BBICOKMM BHYTPUBUIOBEIM
paccrosHueM, HUAeHTUGUINPyeMble TOJIBKO Ha MoJe-
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KyJIADHOM ypoBHe. OJIHAKO i1 MOATBEPXIeHUs 3TOH
runoTessl TpebyeTcsi IpUMeHeHHe WHTErpaTHBHOIO
[OJIXOa, COYETAIONIEro MOJIEKYIsApHBIE, MopdoJsioru-
yeckre U 3Kojioro-reorpadudeckre gaHHole. C mpak-
TU4yeckol Touku 3penHus, JHK-mTpuxkoauposaHue
OKa3bIBaeTcsA He3aMeHUMBIM HHCTPYMEHTOM B KO-
JIOTUYECKOM MOHHUTOpUHTe. OOHapyXeHHe KpHUIITH-
YeCKMX KOMIUJIEKCOB C pAa3/IMYHON YyBCTBUTEJIBHO-
CThIO K 3arpsisHeHuto (Hampumep, nmo Cd y jgunauii T.
tubifex) O3BOJIAET MOBBICUTH TOYHOCTh OMOWHANKALINHU
(Sturmbauer et al., 1999; Gustafsson et al., 2009).

BospmmHCTBO Tpymm, B Tom uuciae T. tubifex
quauu A, D, J, T. newaensis, S. ferox u A. furcatus,
XapaKTepU3yIoTCs HU3KUMU BHYTPHUIDYNIIOBEIMU pac-
crogausaMu (<1%) u HyJeBBIM CpeJHUM pacCTos-
HueM (Tabsuma 1), 4TO O3HayaeT UX TeHEeTUYeCKYIo
OTHOPOJIHOCTb.

BriBozib! 0 MOHOG MY 1IN TOJTUGUIINY B HALIIEM
HcceJOBaHNM HEBO3MOXHH. Ha maHHBIE MOMEHT
3HAHUsA OrpaHUYeHbl YHMCJIOM OOpasI[OB U TeHOB. Jljis
HEKOTOPHIX TAaKCOHOB Heo0XoAuMa [OIOJIHUTEJIbHAS
BBIOOPKA, TaK KaK B OTHEJIBHBIX CJIy4asX yCTAHOBJIEH-
Has GrIoreHNs He NOAePXUBAETCA CTATUCTUYECKIMU
MeTtofamu (OycTtpern-noaaepxku < 70 %).

[MpuMeHeHNE MOJEKYJISIPHBIX METOJOB IO3BO-
JIJIO TIOJIyYUTh HOBBIE TAaKCOHOMUYECKHE MaHHBIE.
Bce BbIsIBJIEHHEBIE B HAIlleM HCCJIEOBAHUY JIMHUU OJIU-
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roxeT, BepOATHO, IPUCYTCTBYIOT U B APYIUX CTpaHax,
B YacTHOCTH, Ha Teppuropuu EBpombl. Pag BHIOB,
takux Kak T. kessleri, uMeeT MHTepecHyl0 Guoreorpa-
¢uueckyto ucroputo. CornacHo Timm (1989), stot Bun
onucaH u3 OHEXCKOro o3epa, HO TakXe BCTpeyaeTcs B
HenTpasibHO! 1 BocTouHO! EBporne, Bkitouas batikai,
Awnrapy, Kacnuit u gaxe Benukue o3épa B CeBepHOI
Awmepuke. B Pecnybinke KoMy, B gacTHocTH B Oac-
celiHe p. Brluerfja BujJ OTMeueH BIIepBHIe.

Taxxe, 10 pe3yJibTaTaM cpaBHeHUs ¢ Genbank,
JsuHuA Dero sp. MOXeT COOTBETCTBOBATh Kak D. obtusa
Tak u D. nivea. Juddepennyanua 3TUX ABYX BUAOB
Ha OCHOBe MOp(QoJIorMy IIeTMHOK 3aTpyAHeHa, Tak
KaK OHU MMeIOT OYeHb CXOAHOE OIMCcaHue M0 YUCIy U
¢popMe OPIOIIHBIX U COIMHHBIX L[ETUHOK U MOTYT OBITh
MPUHATH OOUH 3a apyroro (Yekanosckas, 1962). Kak
u3BecTtHO (Smith, 1985) B ciyuae ¢ D. digitata (Miiller,
1774) u D. nivea yXe NOKa3aHO, 4YTO KauyeCTBEHHHIE
NIPM3HAKY MOTYT OBITh HEHa[leXXKHbIMU 13-3a UX BHYTPH-
U MeXBUIOBOH u3MeHuMBocTU. D. obtusa u D. nivea
oTyin4aioTcsa ¢popMmoii xxabepHoro gucka (Timm, 2009).
Opnako Ha HalIKX IIpenaparax, Mbl He MOTJIA ero pac-
CMOTpeTh, TaK KakK 3aJHdAA yacTh obpasla MCIOJIb30-
BaHa [JIg reHeTHdeckoro aHaimusa. B Poccum panee
D. nivea He ykasbiBajsiach (UekaHoBckas, 1962), xots
omnuchiBaeTcs kak kocMonosmt (Timm, 2009). Takum
o0pa3oM, Ha JaHHOM 3Talle BOIpocC ¢ uAeHTUdUKanuen
Dero sp. ocTaeTcss OTKPHITHIM.

[TomuMo 3TOro, cpeau apKTHYeCKHX BOMAOE-
MOB IIOJIydyeHbl YHMKaJbHbBle TeHeTH4yecKue JIMHUU
(Lumbriculidae sp., Rhyacodrilus sp.), aHaJ0r1 KOTOPHIX
He BcTpeueHHl B Genbank, uTo MoXeT yka3eBaTh Ha UX
SHJIEMUYHOCTb U TpebyeT AaJIbHeNIINX 1ccjieJOBaHUN.

[losiydeHHBle HaMU pe3yJIbTaTel MOIYT OBITb
OCHOBOU nys co3gaHus pedepeHCHOU OubIMOTEeKU
cox] wu3 BomoeMoB EBpomelickoro Cesepo-BocToka
Poccuu u B lasibHeliIIEM UCIIOJIb30BATHCA JJ1s1 OBICTPOLL
knaccudukaruu Oligochaeta B paMkax 5KOTOKCHKOJIO-
TMYecKHX MCCIIeJOBaHUN U OlleHKU OnopasHooOpasus.

5. 3akniouenue

[IpoBenénHOE HccieoBaHUE IIPOJIEMOHCTPUPO-
Bajio, 4YTO IpHMMeHeHHe MOJIeKyJIApPHO-TeHeTHYeCKUX
IIOAXOAO0B, B YaCTHOCTM aHaJM3a MUTOXOHJpHAaib-
HOro reHa coxl, NO3BOJIAET CYIIeCTBEHHO PAaCIIMPUTH
IpeJCTaBjeHNus O BUAOBOM U BHYTPUBUIOBON CTPYK-
Type cooOIlecTB BOAHBIX OJIMTOXET B IIPECHOBOJHBIX
skocucremax EBpometickoro CeBepo-Boctoka Poccun.
PesysibTaThl BBIABUJIM BbIpaK€HHOE KPUIITHYECKOe
pasHooOpa3ue y psfa HIMPOKO PpaclpoCTpaHEHHBIX
TaKCOHOB, Takux Kak Tubifex tubifex w Limnodrilus
hoffmeisteri. 3adbUKCUPOBAHO HAJIMYME PAaHEE HEYUTEH-
HBIX TeHeTUYeCKUX JIMHU, B TOM 4HCJIe IIOTeHIMaJIbHO
SHAEMUYHBIX (OpM, UYTO MOAUYEPKMBAET BaXHOCThb
KOMILJIEKCHOT'O NMOJX0Ja K OlleHKe OropasHooOpasus.
HecMoTpsA Ha HEKOTOpPYH0 OrpaHHYEHHOCTb BHIOOPKHU
JUIA psAfa BUAOB, NOJIyYeHHBe JaHHBIE 3aKJIafbIBAIOT
OCHOBY MJiA CO3[laHUA peruoHaJIbHON pedepeHCHOH
0a3bl IMOCJIeJOBATEJIbHOCTEN U JaJIbHEHIIe crcTeMa-
TU3aluM [POOJIEMHBIX IPYII. BbIABIeHHEe TaKCOHOB,
He nopjamomuxcsa MopdoJiornyeckoll uaeHTU(PUKa-
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IIUM, TOATBEPXKOAeT MpaKTUYecKyl ueHHOCTh JIHK-
IITPUXKONUPOBAHUA A 3adayd AUArHOCTUKU U GUO-
MOHHUTOPHHTA, OCOGEHHO B 3KOJIOTMYECKU YSI3BHMBIX
CEBEPHBIX pervoHax. I[IepCcreKTUBHBIM HampaBjieHUEM
JaJIbHEHMIINX KCCIIEOBAaHUN SABJIAETCA paclIpeHne
reorpauyeckoro oxpaTa, BKJIIOUEHHE SEPHBIX Map-
KepOB, a TakXke IPOBejeHNE KOMILJIEKCHBIX CpaBHEHUI
C 3KOJIOTUYECKUMU Y TOKCUKOJIOTMYECKUMU JAHHBIMH,
4TO MO3BOJIUT (OJiee TOYHO MHTEPIPETUPOBATH POJIb
Pa3/IMYHBIX JIMHUI OJIUroXeT B (DYHKIMOHUPOBAaHUU
BOJIHBIX 9KOCHCTEM.
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