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Abstract
The study addresses an uneven and incomplete understanding of copepod fauna in Middle Siberia, 
particularly in its northeastern region. While the microcrustacean composition in the Lena River Del-
ta is well documented, the Tiksi settlement vicinity, nearby the Lena Delta, remains unexplored. This 
research focuses on characterizing copepod crustaceans in Tiksi's waters. The collected data enriches 
the microcrustacean distribution database in Arctic and Subarctic regions worldwide and facilitates 
an analysis of copepod faunal variation in northeastern Eurasia. A total of 64 copepod species were 
discovered near Tiksi, with 19 being newly identified for the region. Brackish water reservoirs and 
lakes demonstrated the greatest diversity within the fauna. The structure of copepod species complexes 
was consistent among water bodies of the same hydrological type. In brackish lagoons, bays, and lakes, 
species complexes exhibited intricate, multilevel functional and trophic structures. In contrast, rivers 
and streams displayed simplified complex structures. Around 20% of the examined fauna displayed 
East Asian-North American ranges, suggesting a connection to the ancient land of Beringia. Similar-
ity among local Copepoda orders' faunas is linked to crustaceans' dispersal ability, with increasing 
similarity from Harpacticoida to Calanoida and Cyclopoida. Two distinct groups of regions with com-
parable faunas are recognized in northeastern Eurasia: European-Siberian, divided into European and 
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Siberian branches, and Far Eastern. The potential existence of transitional zones between these groups 
is also discussed.

Keywords
Acanthocyclops, biogeography, Canthocamptidae, faunal composition, North Yakutia, species com-
plexes, Arctic species

Introduction

The aquatic invertebrate fauna of Middle Siberia in general and its northeastern part, 
which is part of Yakutia, in particular, is far from being fully studied (Chertoprud 
and Novichkova 2021; Fefilova et al. 2013; Klimovsky et al. 2015). Central Siberia 
lies between the valleys of the Yenisei and Ob rivers and includes the Central Siberi-
an Plateau, the North Siberian Lowland, and the Taimyr Peninsula. About one third 
of its territory lies above the Arctic Circle in the zone of permanent permafrost, in a 
harsh subarctic and arctic climate (Boike et al. 2013; Weather Underground 2023). 
The factors mentioned above may suggest the possible impoverishment of Middle 
Siberia fauna in high-altitude areas. However, a relatively high species richness of 
microcrustaceans was observed in the Lena River delta in northern Yakutia (Cher-
toprud and Novichkova 2021; Novikov et al. 2021). In total, more than 120 species 
of benthic and planktonic copepods and cladocerans have been found so far in delta 
waters (Fefilova et al. 2021). The fauna of the area has its own specificity and stands 
out against the background of other polar regions (Chertoprud et al. 2023)

At first glance, the unexpected increase in biodiversity in the Arctic is due to 
the lack of coverage of the last glaciation in northern Middle Siberia (Ehlers and 
Gibbard 2007; Sarana 2017). In mountainous areas, glaciers were located on ridges 
and valley water bodies remained ice-free (Bolshiyanov et al. 2007). Flat areas in the 
zone of unstable soils in river deltas were also not completely covered by the glacier 
(Bolshiyanov et al. 2013). As a result, numerous refugia of Pleistocene fauna were 
preserved in the northern latitudes, including the water bodies of the Lena River 
delta (Bolshiyanov 2006).

Among the local faunas of Middle Siberia, the microcrustacean fauna of the 
Lena River delta is one of the most studied. The fauna of river channels (Nigamat-
zayanova et al. 2015; Nikanorov et al. 2011, etc.), thermokarst lakes (Abramova et al. 
2017; Nigamatzyanova et al. 2016; Chertoprud and Novichkova 2020, etc.) and even 
the Tiksi, Olenek and Neelov bays adjacent to the delta (Pirozhnikov and Shulga 
1957; Serkina 1969) have been described. Dozens of taxonomic and ecological arti-
cles characterize the state of aquatic communities. At the same time, only one paper 
was devoted to the vicinity of the Tiksi settlement, which is close to the delta and 
available for research. The composition and structure of assemblages of microcrus-
tacean lakes of the Bykovsky Peninsula and some water bodies within the settlement 
are described (Novichkova et al. 2020). Only 19 species of copepods and 16 species 
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of cladocerans, mostly boreal eurybiont taxa, are known from the vicinity of Tiksi 
(Novichkova et al. 2020). The total species richness of the fauna in the vicinity of 
Tiksi is more than three times lower than that of the delta of the Lena River. Many 
questions are raised about the proximity of such an impoverished area to the fauna-
rich delta. What is the reason for the low species richness of microcrustaceans? 
What is the impact of anthropogenic pressure on diversity? Is not the poor compo-
sition of the fauna an artifact related to the limitations of the collection methods and 
the volume of data? The inability to provide clear answers required further research.

The present work is devoted to the analysis of the composition of the copepods 
inhabiting the brackish water lagoons and the desalinated areas of bays, lakes, and 
bottom soils of rivers and streams in the vicinity of Tiksi settlement.

Materials and methods

Study area 

Studies were carried out during the summer seasons (July-August) of 2021 and 
2022 in water bodies and water sources in the northern part of Yakutia (Republic 
of Sakha, Russia) near the settlement of Tiksi (Fig. 1A). Tiksi settlement is located 
close to the Lena River Delta. (Fig. 1B). This area is characterized by an Arctic con-
tinental climate with an average annual temperature of about -14 °C and average an-
nual precipitation of 125-190 mm (Boike et al. 2013; Veremeeva and Gubin 2009). 
The winter season lasts for six months, from the end of September to the end of 
March, and the summer season lasts from July to August (Veremeeva and Gubin 
2009). The area surrounding Tiksy is covered with rocky shrub-moss tundra com-
munities (Gukov 2001), which differ significantly from the wet sedge-moss tundra 
of the Lena River Delta. The spurs of the Kharaulakh Range are close to this area, 
which is reflected in the presence of mountainous landscape elements that are com-
pletely absent in the plain delta. The ridges of the stony volcanoes surrounding Tiksi 
reach heights of more than 300 m and alternate with moderately wet valleys with 
lakes and flowing rivers. The classic polygonal tundra with numerous small thermo-
karst ponds is almost absent around Tiksi.

Types of waterbodies and water sources

The surroundings of Tiksi are a permafrost area with a water system typical of the 
Siberian tundra (Washburn 1979; Veremeeva and Gubin 2009). In the current study, 
different hydrological types of water objects were investigated: lakes, lagoons, fresh-
ened bays, streams, and rivers (Fig. 2). Totally 44 sampling stations from different 
localities were sampled (Fig. 1C). At each sampling site, the hydrological character-
istics of the water body and the character of the coastal macrophytes were registered. 
Lakes had stony or marshy shores (Fig. 2G, H). Their shallow waters were generally 
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covered with macrophytes, mainly of the genera Arctophila and Carex. The coastal 
lagoons had water salinities of approximately 1-2 and their shallow waters were of-
ten overgrown with Carex and Juncus species (Fig. 2B). The bottoms were mostly 
muddy with deposits of plant detritus. Some material was collected from highly 
desalinated areas of the Neelov and Tiksi bays. The waters of these water bodies 
were desalinated by river runoff and their salinity in the coastal zone did not exceed 
3 ‰ during the study period. The coastal zone of these bays was usually covered 
with fragments of tree trunks and branches carried to the sea by the Lena River (Fig. 
2A). The rivers studied were characterised by stony sediments, small depth (up to 1 
m), and low flow velocity (up to 1 m/s) (Fig. 2D, E). Streams differed from rivers by 
lower flow velocities and depths (about 0.2-0.4 m/s and 0.4 m, respectively), a sig-
nificant proportion of detritus in the substrate, and pronounced thickets of coastal 
macrophytes and mosses (Fig. 2C, F). Groundwater was also investigated beneath 
the stony littoral of large lakes and in the underflow areas of rivers (hyporheic habi-
tats) (Fig. 2E).

Figure 1. Map of the north of Middle Siberia (A) with position of the Lena River Delta 
(black arrow) and the Tiksi area (black square); Bykovsky Peninsula area with position of the 
Tiksi area (black square) (B); location of sampling stations (blue points – 2021; red points – 
2022) in the Tiksi area (C).
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Figure 2. Main types of water bodies of the Tiksi area: Tiksi Bay (A); lagoon near Po-
larka Village (B); stream (C); Sevastyan-Kyuele River (catching of drifting organisms) (D); 
Sevastyan-Kyuele River (sampling by the Karaman-Chappuis method) (E); stream (F); small 
pond. (G); large lake (H).
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Sampling 

Samples of microcrustaceans were qualitatively taken by hauling a small plankton 
net (0.25 m diameter, 100 μm mesh). Three replicates were taken at each station and 
then combined into one mixed sample. In lakes, brackish bays, and lagoons, the 
nets were moved horizontally through the water column and coastal macrophytes. 
In addition, organisms were captured in the near bottom water layer were captured, 
in which case the top layer of sediments was also collected. All the samplings in 
the waterbodies were performed from the shore. In streams and rivers, the net was 
set against the current for an average of half an hour to catch drifting organisms 
(Fig. 2D). To organize the drift, stones and pebbles on the bottom were occasionally 
moved a few meters upstream to lift suspended sediment. Samples of groundwater 
and hyporheic habitats were taken at several points on the banks of rivers and lakes 
using the Karaman-Chappuis method (Fig. 2E). This involved digging a hole half 
a meter deep, waiting for about half an hour, and filtering the water through a net. 
In the interstitial spaces of wet mosses from swamps and coastal areas of lakes and 
rivers, microcrustaceans were collected by squeezing water from moss pieces into 
a net. All samples were preserved with a 4% formaldehyde solution before identi-
fication and washed with tap water prior to study. See supplementary file 1 for the 
sample list used in this work.

Only copepods from the three main free-living orders Calanoida, Cyclopoida, 
and Harpacticoida were identified in the samples. The preliminary identification 
of species was carried out in Bogorov counting chambers. A Lomo Micmed 2 high 
power microscope was used for accurate identification of crustaceans.

Data analysis

The qualitative sample similarity matrix was calculated based on the PCoA (Sorens-
en's dice index) for binary data (Tusiime et al. 2020). Multidimensional nonmetric 
scaling (MDS) was used to visualize the location of samples based on taxonomic 
similarity.

A separate matrix of the presence / absence of copepod species in the samples 
from each station (see supplementary file 2 for the original data used to perform 
this analysis). The positively associated pairs of species in each water body and wa-
ter source were identified using a discrete hypergeometric distribution, which de-
scribes a draw without replacement from a finite population (Duan 2021; Johnson 
et al. 1992). Applied to the co-occurrence of species, it allows the definition of the 
probability of finding one species in samples that already contain another one. For 
each station, the 95% one-sided confidence interval  hypergeometric distribution 
function was used to decide on the association of species pairs. The list of positively 
associated species pairs was visualized using undirected graphs. The graph nodes 
were clustered based on the maximum modularity criterion (Brandes et al. 2008) 
using the cluster optimal function of the igraph package (Csardi and Nepusz 2006). 
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The size of the nodes in the graph is logarithmically proportional to the species 
occurrence. The thickness of the edge is inversely proportional to the strength of 
species association. A more detailed description of the method can be found in 
Chertoprud et al. (2023).

For biogeographical analysis, we used a comprehensive database on freshwater 
microcrustaceans (cladocerans and copepods) from various Arctic and Subarctic 
regions, both insular and continental. Data were compiled from both the published 
literature and original data (Novichkova and Azovsky 2017) and annually supple-
mented. For some areas, the database of Fefilova et al. (2021) was also used. We 
applied a cluster analysis to illustrate the comparative analysis of the microcrus-
tacean species composition in northern regions of Eurasia, based on our original 
data and database, in PAST (paired group algorithm). The following regions were 
considered: European and Siberian: Kola Peninsula, Pechora River Delta, Bolsheze-
melskaya Tundra, Polar Ural Mountains, Yamal Peninsula, Taymyr Peninsula and 
Putorana Plateau, Lena River Delta, Tiksi area and Bykovsky Peninsula; as well as 
Transbaikalian Region and Far East: Transbaikalia (including the Upper Amur Riv-
er basin), the Low and Middle Amur River basin, Shantar Islands, Magadan Region, 
Chukotka Region, Kamchatka Peninsula.

All statistical analyzes were performed in the R 3.6 statistical analysis environ-
ment R 3.6 (R Core Team 2023) and in PAST 4.

The range types of copepods resented here are based on those described for 
Cladocera by Kotov A.A. (Kotov 2016) and was further expanded for Copepoda 
(Garibian et al. 2019).

Result

Species richness and structure of fauna. The copepod fauna of the waters sur-
rounding the settlement of Tiksi includes 64 species, of which 16 belong to the order 
Calanoida, 20 to the order Cyclopoida and 28 to the order Harpacticoida (Table 
1). A number of species with features not typical of previously described taxa have 
been determined only to the genus level. Of these potentially new species, 1 belong 
to Calanoida, 4 to Cyclopoida, and 4 to Harpacticoida. For the Lena River delta 
and its adjacent areas, including the area around the settlement of Tiksi, 19 spe-
cies were found for the first time, 9 of which are probably new to science. Another 
new species to science, Moraria sp., for which a description has been prepared, oc-
curs both in the Lena River Delta (Novikov et al. 2021) and in the Tiksi area. For 
the first time, for the northern part of Middle Siberia species Megacyclops magnus 
(Marsh, 1920), Thermocyclops cf. dybowskii (Lande, 1890), Bryocamptus putoranus 
Novikov, Sharafutdinova & Chertoprud, 2023, Gulcamptus laurentiacus (Flössner, 
1992), Nannopus scaldicola Fiers & Kotwicki, 2013, Archisenia sibirica (Sars, 1898), 
Danielssenia quadriseta Gee, 1988 (Table 1) were found. The lagoons and desalinat-
ed bays had the most diverse fauna (37 species), including freshwater and brackish 
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taxa (Table 1). Lake fauna was second in species richness (27 species). There were 
20 species of copepods that inhabit the substrate and littoral macrophytes of rivers 
and streams; 21 species were found on wet moss pads and temporary waters and 
10 species in riverbeds and lakebeds. Interestingly, Diacyclops bisetosus (Rehberg, 
1880) and Bryocamptus putoranus Novikov, Sharafutdinova & Chertoprud, 2023, 
new to the Lena River delta and the Tiksi area, were recorded only in groundwater.

Table 1. Species list, presence, and range types of copepods in different types of water bod-
ies from the Tiksi area in Summer seasons 2021–2022

Taxa
Range
 type

Type of water body

1 2 3 4 5 6
Order Calanoida Sars, 1903
Family Clausocalanidae Giesbrecht, 1893
Drepanopus bungei Sars, 1898 ARC (P) +
Family Diaptomidae Baird, 1850
Arctodiaptomus sp. 1 + +
Arctodiaptomus sp. 2** +
Diaptomus glacialis Lilljeborg, 1889 ARC (P) +
Eudiaptomus graciloides (Lilljeborg, 1888) PAL + +
Leptodiaptomus angustilobus (Sars, 1898) ARC (H) + +
Neutrodiaptomus pachypoditus (Rylov, 1925) WP +
Family Temoridae Giesbrecht, 1893
Eurytemora bilobata Akatova, 1949 EA-NA +
Eurytemora canadensis Marsh, 1920 ARC (H) +
Eurytemora composita Keiser, 1929 EA-NA + +1

Eurytemora foveola Johnson, 1961 EA-NA +
Eurytemora gracilicauda Akatova, 1949 EA-NA + +1

Eurytemora gracilis (Sars, 1898) ARC (P) +
Eurytemora raboti Richard, 1897 ARC (P) +
Heterocope appendiculata Sars, 1863 ARC (P) + +
Heterocope borealis (Fischer, 1851) ARC (P) + +
Order Cyclopoida Burmeister, 1834
Family Cyclopidae Rafinesque, 1815
Acanthocyclops sp. 1** EA-NA? + + +
Acanthocyclops sp. 2** + +
Acanthocyclops sp. 3** + +
Acanthocyclops venustus (Norman & Scott, 1906) ARC (P) + + + +
Acanthocyclops vernalis (Fischer, 1853) C + + + +
Cyclops kolensis Lilljeborg, 1901 ARC (P) + +
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Taxa
Range
 type

Type of water body

1 2 3 4 5 6

Cyclops scutifer Sars, 1863 HOL +
Cyclops sibiricus Lindberg, 1949 EA-NA + +
Diacyclops sp. 1** + +
Diacyclops sp. 2 +
Diacyclops bisetosus (Rehberg, 1880) C +
Diacyclops crassicaudis (Sars, 1863) ARC (H) +
Diacyclops languidoides (Lilljeborg, 1901) PAL + + + + + +
Diacyclops languidus (Sars, 1863) HOL +
Eucyclops sp. ARC (P) +
Megacyclops magnus (Marsh, 1920)* EA-NA + +
Mesocyclops leuckarti (Claus, 1857) C + +
Thermocyclops cf. dybowskii (Lande, 1890)* PAL +
Thermocyclops crassus (Fischer, 1853) C +
Family Halicyclopidae Kiefer, 1927
Halicyclops sp. +
Order Harpacticoida Sars, 1903
Family Ameiridae Boeck, 1865
Nitocra sp. + +
Family Canthocamptidae Brady, 1880
Attheyella nordenskioldi (Lilljeborg 1902) ARC (H) + + + + +
Bryocamptus sp. 1** +
Bryocamptus sp. 2** + + + + +
Bryocamptus abramovae Novikov, Sharafutdinova & 
Chertoprud, 2023

S +

Bryocamptus arcticus (Lilljeborg, 1902) ARC (P) +
Bryocamptus putoranus Novikov, Sharafutdinova & 
Chertoprud, 2023*

S +

Bryocamptus umiatensis Wilson, 1958 EA-NA + + +
Canthocamptus glacialis Lilljeborg, 1902 ARC (P) + +
Epactophanes richardi Mrázek, 1893 C + + + + +
Gulcamptus laurentiacus (Flössner, 1992)* EA-NA + +
Maraenobiotus sp. + +
Maraenobiotus brucei (Richard, 1898) ARC (P) + + +
Maraenobiotus insignipes (Lilljeborg, 1902) ARC (P) +
Maraenobiotus supermario Novikov & 
Sharafutdinova, 2020

END + + + +

Moraria sp.** + + + + +
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Notes on taxonomy and morphology. From a taxonomic and biogeographical 
point of view, three species of the order Cyclopoida and three of the order Harpac-
ticoida are the most interesting taxa among copepods.

Family Cyclopidae (Cyclopoida)

Megacyclops magnus occurs sporadically and is most abundant in shallow-water 
bodies of rocky tundra. Specimens of this species were originally identified as Mega-
cyclops viridis (Jurine, 1820), but re-examination revealed a mistake. Specimens of 
M. magnus have a longer outer spine of the distal segment of Р4 endopod and have 
more dense setules on the inner side of the caudal rami compared to M. viridis (Fig. 
3A, B) (Einsle 1993).

Taxa
Range
 type

Type of water body

1 2 3 4 5 6

Moraria duthiei (Scott T. & Scott A., 1896) ARC (P) + + + +
Moraria insularis Fefilova, 2008 ARC (P) +
Moraria mrazeki Scott, 1903 ARC (P) +
Pesceus reductus (Wilson, 1956) EA-NA +
Pesceus reggiae (Wilson, 1956) EA-NA + +
Family Ectinosomatidae Sars, 1903
Pseudobradya arctica (Olofsson, 1917) ARC (H) +
Family Laophontidae Scott T., 1904
Onychocamptus mohammed (Blanchard & Richard, 
1891)

C + +1

Family Nannopodidae Brady, 1880
Nannopus scaldicola Fiers & Kotwicki, 2013* ARC (P) +
Family Pseudotachidiidae Lang, 1936
Archisenia sibirica (Sars, 1898)* ARC (P) +
Danielssenia quadriseta Gee, 1988* ARC (P) + +
Family Tachidiidae Sars, 1909
Microarthridion littorale (Poppe, 1881) C +
Tachidius sp.** +
Number of species 37 27 20 16 14 10

Footnotes: Types of water bodies: 1 – lagoons and bays, 2 – lakes, 3 – streams and rivers, 4 – puddles, 
5 – wet mosses, 6 – ground waters; range types: ARC (P) – Subarctic and Arctic of Palearctica, ARC 
(H) – Subarctic and Arctic of Holarctic, C – cosmopolite or widespread unrevised species, EA-NA – East 
Asian - North American; END – endemic, PAL – Palaearctic,  HOL – Holarctic; S – Siberian, WP – West 
Palearctic; * – species noted for the first time for Tiksi area and Lena River delta, ** – species probably new 
to science; 1 – these species were recorded in the only one lake with specifically hydrology.
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Acanthocyclops sp. 1, is closely related to Acanthocyclops vernalis (Fischer, 1853), 
but differs in the longer caudal rami (Fig. 3С), which have small setules on the in-
ner side on their basal part. In addition, Acanthocyclops sp. 1. is characterized by a 
strong process on the inner side of the basis P4 (Fig. 3D).

Eucyclops sp. belongs to the group E. arcanus Alekseev, 1990. Morphologically, 
the species found resemble most closely the recently described species E. delongi 
Alekseev, Abramova, Chaban, 2019 and E. arcanus arcticus Alekseev, 2023 from the 
Pechora River delta (Alekseev et al. 2019; Alekseev 2023). Specimens of Eucyclops 
sp. from the vicinity of the Tiksi settlement have short caudal rami with a relatively 
long inner caudal seta and short spinules on the distal part of the intercoxal plate of 
P4 (Fig. 3F, G).

Family Canthocamptidae (Harpacticoida)

Bryocamptus (Bryocamptus) putoranus has recently been described from the waters 
of the Putorana Plateau (Novikov et al. 2023). Two males were found in the inter-
stitial zone of the large Kobchik Lake near Tiksi. This species differs from the other 
members of the group Bryocamptus minutus (Claus, 1863) by having two setae on 
P6 instead of three (Fig. 4B), and also by the length ratio of setae on the Р5 exopod 
(Fig. 4A).

Maraenobiotus sp. is found in two streams around Tiksi. The species belongs to 
the group Maraenobiotus insignipes (Lilljeborg, 1902) and has extended bases of the 
apical caudal setae that are uncharacteristic for the group (Fig. 4C, D). It resembles 
M. insignipes altissimus Löffler, 1968 and M. insignipes nepalensis Löffler, 1968 with 
this character (Löffler, 1968). The abdominal somites of Maraenobiotus sp. lack dor-
sal rows of spinules on the postrior edges of the somites, making it more similar to 
M. insignipes altissimus. However, the insufficiently detailed description of the latter 
does not allow a precise identification of the species from Tiksi.

Gulcamptus laurentiacus is common in mosses and streams of the area studied. 
The morphology of the found specimens matches exactly the original description 
(Flössner 1992). The species has a characteristic structure of female P5 with a re-
duced number of setae on the endopod and exopod and only three spinules in the 
anal operculum (Fig. 4E, F).

Complexes of copepod species in water bodies of different hydrological 
types. An assessment of the similarity of the taxonomic composition of Copepoda 
using Sorensen's dice index showed that all samples were clearly divided into three 
relatively discrete groups (Fig. 5A). The axes of the plot (Coords 1 and 2) together 
explain 35% of the variability in the distribution of species richness, which is quite a 
lot for benthic and planktonic invertebrate communities. The first axis (Coord. 1) is 
correlated with the size and flow rate of the water body, and the second axis (Coord. 
2) is correlated with the salinity of the water body. In the upper left corner of the 
diagram (in the blue ellipse), sampling stations located in brackish water bodies, 
lagoons, and desalinated marine bays are grouped. In the lower part of the diagram 
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(in the pink ellipse), there is a cluster of points corresponding to stations collected 
in lakes. Finally, in the right part of the diagram (in the purple ellipse) are stations 
from rivers, streams, and oxbows, temporary reservoirs, and groundwater. Several 
points are not included in any of the groups listed; they refer to mostly flowing wa-
ters inhabited by fauna with transitional characteristics. Thus, the total diversity of 
the crustaceans found can be divided into three large species complexes: brackish 
water, lake and mixed, corresponding mainly to flowing and temporary water bod-
ies, including a number of specific habitats (groundwater, wet mosses, and others).

Figure 3. Megacyclops magnus, female: A. caudal rami; B. P4. Acanthocyclops sp. 1, female: 
C. caudal rami; D. P4. Acanthocyclops sp., female: E. P4 (observation https://www.inatural-
ist.org/observations/153744497 by Levi Smith). Eucyclops sp., female: F. caudal rami; G. P4. 
The arrow marks identical inner processes of the P4 basis. Scale bars 50 μm.

https://www.inaturalist.org/observations/153744497%20by%20Levi%20Smith
https://www.inaturalist.org/observations/153744497%20by%20Levi%20Smith
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In the species complexes identified, which species play a dominant role? Figure 
5B answers this question. In brackish waters (blue background), the key species are 
the brackish Eurytemora composita Keiser, 1929, Tachidius sp., and the freshwater 
Mesocyclops leuckarti (Claus, 1857). Tachidius is benthic, and the other two species 
are characteristic of the plankton. These taxa have the largest circles at the nodes of 
the graph (Fig. 5B). These three crustacean species are present in most samples from 
lagoons and bays and have a correlated distribution with other species in this com-
plex. The brackish complex also includes a small number of species on the green 
background, including two planktonic Calanoida species (Fig. 5B). In lake com-
munities (graph with pink background), two truly planktonic Calanoida species, 
Leptodiaptomus angustilobus (Sars G.O., 1898) and Heterocope borealis (Fischer, 
1851), and two benthic Harpacticoida species, Canthocamptus glacialis Lilljeborg, 
1902 and Moraria duthiei (Scott T. & Scott A., 1896), are key species. In flowing wa-
ters and temporary reservoirs, benthic Harpacticoida are the key species: Attheyella 
nordenskioldi (Lilljeborg 1902), Moraria sp., and Bryocamptus sp. 1. Thus, in differ-
ent hydrological types of reservoirs, there is a change in the life forms of key taxa. 
Planktonic species are characteristic of large standing water bodies, both freshwater 
and brackish. Benthic species occupy the leading positions in flowing water bodies 
and in temporary reservoirs with an unstable water regime.

Figure 4. Bryocamptus putoranus, male: A. P5; B. genital somite and abdomen, ventral. 
Maraenobiotus sp., female: C. abdomen dorsal; D. lateral abdomen. Gulcamptus laurentia-
cus, female: E. P5; F. abdomen dorsal. The arrow marks the extended bases of the apical 
caudal setae. Scale bars 20 μm.
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Figure 5. Ordination of the sampling stations on the basis of taxonomic structure similar-
ity (Sorensen's dice index for binary data) (A). Abbreviations: B – bay (blue points); Lg – la-
goon (light blue points); Lk – lake (orange points); R – river (dark green points); S – stream 
(yellow points); O – oxbow (red points); P – Karaman-Chappuis pit (light green points); 
Pd – puddle (brown points); M – wet mosses (green points). Microcrustacean assembly in 
water bodies in the vicinity of Tiksi at p<0.01 (B). Abbreviations: B – Bryocamptus; Ma. – 
Maraenobiotus; Eur. – Eurytemora. Assemblages of brackish water bodies on blue and green 
fields; lakes assemblages on the rose field; lotic and temporary waters assemblages on the 
purple field.
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Comparative analysis of regional faunas of northern Eurasia. A comparative 
analysis of copepod faunas from fourteen regions of the Eastern European Plain, Si-
beria and the Far East allowed us to distinguish five groups differing in species com-
position (Fig. 6A). The fauna of the Kola Peninsula (a separate branch in the cluster) 
differs significantly from all of them. A separate group is formed by the northern 
regions of the Eastern European Plain, Western and Central Siberia. This group is 
divided into two branches, European and Siberian. In addition, three groups form 
regions of the Far East: the northeastern (Kamchatka Peninsula and Chukotka Re-
gion), the northwestern (Magadan Region and Shantar Islands), and the southwest-
ern (Transbaikal and the Amur basin in the middle and lower reaches). The fauna 
of order Harpacticoida (Fig. 6D) shows a tight grouping. However, the faunas of 
Transbaikalia and the Amur River basin for these crustaceans stand out strongly 
from the general background and are on separate branches of the cluster. The har-
pacticoid faunas of other regions of the Far East form a single cluster. The Calanoida 
form three main groups in the cluster (Fig. 6B). The largest group includes faunas 
from the north of the East European Plain, Transbaikal, and western and central 
Siberia.The group is heterogeneous within itself, with three branches: European, 
Siberian, and Transbaikal. The Far Eastern regions form two groups: a northeastern 
one (Chukotka Region and Kamchatka Peninsula) and a western one that includes 
other regions. In the cluster of Cyclopoida faunas (Fig. 6C), the faunistic group in-
cluding Western and Central Siberia, as well as Transbaikal, is the most prominent. 
In addition, the Kola Peninsula and the Pechora River delta, as well as the Far East, 
form groups. The faunas of the Bolshezemelskaya Tundra and the Polar Ural stand 
out from the general background and are found in separate branches of the cluster. 
In general, the faunas of the Eastern European Plain, Western and Central Siberia 
are more similar for all groups of copepods than the faunas of different regions of 
the Far East (Fig. 6).

When comparing the clusters for the three Copepoda orders (Fig. 6), it is no-
ticeable that the regional faunas of eurybiontic Cyclopoida, which inhabited both 
bottom biotopes and plankton, are most similar to each other (the main branches 
of the cluster diverge at the similarity level of 0.5). The average similarity of the 
faunistic lists based on the Bray-Curtis index is 0.56 ± 0.11. The similarity of the 
regional faunas is considerably lower than that of the predominantly planktonic 
Calanoida (the similarity level of the main branches of the cluster is approximately 
0.2). The average similarity of the faunistic lists is 0.34 ± 0.17. The faunas of ben-
thic harpacticoids differ significantly even within regional groups (the level of main 
cluster branches is 0.1). The average similarity of the faunistic lists of the group is 
0.19 ± 0.17. Thus, the overall similarity of the regional faunas decreases in line: Cy-
clopoida, Calanoida, Harpacticoida.
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Discussion 

Faunal composition and structure of species complexes. The list of copepod spe-
cies for the Tiksi area, compiled from original and literature data (Novichkova et al. 
2020), includes 74 species. The fauna of the Lena River Delta is only slightly richer 
– 96 species (Chertoprud and Novichkova 2021; Fefilova et al. 2013; Novikov et al. 
2021). The species composition in copepods of these neighboring areas of northern 
Central Siberia overlaps by more than 70% and 53 species are common. The fauna 
of the Tiksi area differs from that of the Delta by the poor composition of sev-
eral genera of Cyclopoida: Diacyclops, Cyclops, and Eucyclops (Fefilova et al. 2013). 

Figure 6. Dendrograms for hierarchical clustering (Bray-Curtis similarity index) of faunas 
of different areas of the north of the East European Plain, Siberia and the Far East. Copepoda 
fauna (A); Calanoida (B); Cyclopoida (C); Harpacticoida (D). The regions of the East Euro-
pean Plain, Siberia, Transbaikal and the Amur River basin, Far East, are in different colours. 
1 – Kola Peninsula, 2 – Pechora River Delta, 3 – Bolshezemelskaya Tundra, 4 – Polar Ural 
Mountains, 5 – Yamal Peninsula, 6 – Taymyr Peninsula and Putorana Plateau, 7 – Lena River 
Delta, 8 – Tiksi area, 9 – Transbaikal, 10 – Low and Middle Amur River basin, 11 – Shantar 
Islands, 12 – Magadan Region, 13 – Chukotka Region, 14 – Kamchatka Peninsula.
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However, Microcyclops and Macrocyclops, which occur in the Delta waters, are com-
pletely absent in the vicinity of Tiksi. Among Harpacticoida, the genus Attheyella is 
richer in the Delta than in the Tiksi fauna (Novikov et al. 2021). The differences in 
the taxonomic composition of the compared areas can be largely explained by the 
influence of river flooding. For example, a number of Cyclopoida species restricted 
to the Delta are found exclusively in oxbows and floodplain lakes washed by the 
river during floods. In contrast, water bodies near the settlement of Tiksi are not 
affected by the seasonal flooding of the Lena River (Gukov 2001). Furthermore, the 
different landscape characteristics of the areas probably influence the composition 
of the fauna. The swampy waters of the Lena Delta area are inhabited by a more 
diverse wet moss fauna than the water bodies near Tiksi, which are dominated by 
stony soils. Therefore, despite a certain depletion, the copepod fauna of the Tiksi 
area has its own specific characteristics. Nineteen species, including nine unique 
and potentially new to science, have been found in this area for the first time in 
northern Central Siberia.

In the vicinity of Tiksi, the greatest species richness of Copepoda was found 
in brackish water lagoons and bays. This is explained by the fact that the fauna of 
waters of variable salinity includes both typical freshwater and brackish water spe-
cies, as well as marine euryhaline species (Lang 1948). The higher diversity of this 
group in lakes compared to rivers is due to the fact that microcrustaceans are poorly 
adapted to life in strong currents (Dodson 1991) and to the shallowness of water-
courses. For many of them, especially the large copepods, being washed into the 
water column from the bottom or from riparian vegetation is catastrophic, making 
them prey for fish (Kiselev 1969).

Water bodies of similar hydrological types were inhabited by Copepoda species 
complexes similar in taxonomic and functional structure. In large water bodies, 
both freshwater and brackish water, genuine planktonic representatives of the or-
ders Calanoida and less frequently Cyclopoida occupied key positions in the graphs 
(Fig. 5). The predominance of such life forms is typical of deep water areas of con-
siderable area (Dodson 1991; Kiselev 1969). The benthic species played the com-
plexes of leading role in the species of running waters and temporary reservoirs. 
They were mainly harpacticoids, gravitating toward living in the upper ground layer 
and able to survive interstitial desiccation of the water body (Borutsky 1952). Rep-
resentatives of Cyclopoida were the most eurybiontic and, although included in all 
graphs (Fig. 5), did not occupy key positions anywhere. The only exception was M. 
leuckarti, which is characteristic of plankton (Lazareva and Sabitova 2021) and is 
often found in lagoons and bays. Similar results on the confinement of life forms 
and Copepoda classes to different habitats, using the same statistical method, were 
obtained for lakes in the Far East (Chertoprud et al. 2023). In the nodes of the 
graphs of the central part of water bodies there were also mainly genuine planktonic 
species, and benthic taxa were significant only in the shallow water overgrown with 
macrophytes.
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The similarity of species lists of mosses, small streams and rivers is interesting. 
Small streams are similar to waterlogged mosses in the presence of mosses in their 
sources and close to the channel. Large rivers, on the other hand, do not have moss-
es along their banks, they differ hydrologically. But mostly they are characterized 
by the same species as in mosses. The first similarity is that both are almost absent 
planktonic forms. Also, some species can enter rivers with small streams. However, 
all the reasons for the similarity are currently unknown to us.

Species of free-living Copepoda orders differ considerably in their feeding pref-
erences. Species of the order Harpacticoida are predominantly herbivorous or feed 
on bacterial fouling (Hicks and Coull 1983). Only a few brackish and marine taxa are 
predators or necrophagous (Harpacticus, Tigriopus) (Chertoprud et al. 2012). Most 
species of the family Cyclopidae feed on microalgae, as well as infusoria, rotifers, 
and small crustaceans. This omnivory is particularly characteristic of M. leuckarti 
(Šorf and Brandl 2012; Zánkai 1994). Freshwater and brackish Calanoida species 
are mainly herbivorous filter feeders (Borutsky et al. 1991). However, members of 
the genus Heterocope are active predators (Lazareva and Sabitova 2021). When com-
paring the food preferences of the main species on the graphs, differences in the 
trophic structure of copepods in different types of water bodies were observed. The 
large graph nodes of the brackish bays and lagoons contain omnivorous (Mesocy-
clops) and herbivorous (Eurytemora, Tachidius) taxa (Fig. 5). Predators (Heterocope) 
and three other herbivorous taxa (Leptodiaptomus, Canthocamptus, and Moraria) 
are found in the large nodes of the lake graph. For both classes of water bodies, the 
network of connections in the graphs is branched and includes a significant number 
of species of different trophic levels. The situation is completely different for streams 
and rivers, where the number of correlated species is twice as small as for the pre-
vious water body types (Fig. 5). All taxa in the graph are herbivorous or combine 
feeding on microalgae and plant detritus, weakly expressing trophic levels. This fact 
points to a simplified structure and probably to a high variability of the species com-
plex of Copepoda in running waters (Odum 1969).

Biogeographical analysis and main new findings. In the analysis of the bio-
geographic structure of the Copepoda fauna of the Tiksi area, only those species 
were included for which the range could be clearly determined. Species potentially 
new to science were excluded from the analysis as it is premature to judge their dis-
tribution before their strict species status has been determined. Most species (48% 
of species richness) have subarctic and arctic ranges that cover the Palearctic or 
Holarctic. Notably, 20% (10 species) have characteristic disjunct ranges, distributed 
in northern East Asia and northern North America. This type of area is called ‘Ber-
ingian’, and the presence of species with such distributions indicates that the region 
belongs to a previously flooded ancient land. Elements of Beringian fauna are found 
in the north of Middle Siberia: (Chertoprud and Novichkova 2021; Chertoprud et 
al. 2022), as well as in many regions of the Far East: Magadan Region (Novichkova 
and Chertoprud 2022), Khabarovsk Region (Garibian and Chertoprud 2022; Garib-
ian et al. 2019).
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Of the new records, M. magnus (family Cyclopidae) and G. laurentiacus (family 
Canthocamptidae) can be assigned to the Beringian faunistic complex. While M. 
magnus has been observed in Eurasia (Far-East of Russia, Korea) (Ishida 1998; Lee 
et al. 2007; Alekseev, Chaban 2021), G. laurentiacus, described from Alaskan waters, 
is the first to be found on this side of the Bering Strait. An interesting situation is 
noted with Acanthocyclops sp. 1 (family Cyclopidae), which may be new to science. 
It could be assumed to be endemic to the study area, as well as other potentially new 
species. However, photographs of Acanthocyclops individuals with distinguishing 
features similar to those of Acanthocyclops sp. 1 have been noted in observation 
on the platform INaturalist (https://www.inaturalist.org/observations/153744497). 
This individual has a characteristic powerful process on the P4 basis (Fig. 3E). Tak-
ing this into account, this species also has the Beringian area type.

The discovery of the recently described harpacticoid B. putoranus (family Can-
thocamptidae) extends its range to the northeast. This species can now be consid-
ered as one of the few potential endemics of northern Middle Siberia. B. putoranus 
and Bryocamptus sp. 1 belong to the group B. minutus, whose taxonomy is rather 
confused (Wilson 1956). A new species, Bryocamptus sp. 1, as well as a number of 
forms from this group (e.g. B. hutchinsoni Kiefer, 1929 sensu Carter, 1944), probably 
deserve to be separated into different species.

Unusual is the occurrence of Maraenobiotus sp. (family Canthocamptidae), 
which is most closely related to the subspecies M. insignipes altissimus described for 
the highlands of Nepal (Löffler 1968). If individuals from water bodies in the Tiksi 
area belong to this subspecies, the distribution of M. insignipes altissimus would be 
highly fragmented and of the arcto-alpine type. Such a distribution is quite rare and 
copepods observed for Acanthodiaptomus tibetanus (Daday, 1907), which is found 
both on the Tibetan Plateau and in the rift zone near Lake Baikal (Krivenkova et 
al. 2022) and on the Putorana Plateau (Chertoprud et al. 2022; Dubovskaya et al 
2010). Arctoalpine ranges are also found for some Cladocera species (Sinev et al. 
2021; Zuykova et al. 2018). The native subspecies M. insignipes insignipes (Lillje-
borg, 1902), which differs strongly from Maraenobiotus sp. in the morphology of 
the caudal rami and the armature of the somites, also occurs near the Tiksi settle-
ment. This fact suggests the possibility of assigning the Nepalese subspecies to the 
rank of species.

The discovery of Eucyclops sp. in the Tiksi area is important for the systematics 
of the E. arcanus group. This group currently comprises four species: E. arcanus s. 
str. Alekseev, 1990, E. arcanus arcticus Alekseev, 2022, E. dumonti Alekseev, 2000, 
and E. delongi Alekseev, Abramova, and Chaban, 2019. All these representatives are 
similar in the main morphological characteristics of the antennae and structure of 
P4, but differ mainly in the length / width ratio of the caudal rami and the length 
of their setae (Alekseev et al. 2019; Alekseev 2022). Identification of these species is 
often problematic because of the briefness of the original descriptions and the high 
morphological variability of individuals, even within the same water body.

https://www.inaturalist.org/observations/153744497
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Variability patterns of regional faunas. An important feature of the distribu-
tion of copepods is that the regional species lists show varying degrees of similarity 
in the composition of species belonging to different orders. The degree of similarity 
of local fauna is closely related to the dispersal ability of copepods, increasing in 
the series from Harpacticoida to Calanoida to Cyclopoida. Benthic copepods of the 
order Harpacticoida are the least mobile, inhabiting the surface and bottom layers 
of water bodies (Borutsky 1952). The regional species lists for this order have the 
highest degree of variation. The low dispersal ability of epibenthic and interstitial 
harpacticoids compared to planktonic and phytal species has been repeatedly ob-
served for marine copepods (Chertoprud et al. 2015; Ólafsson et al. 2001). The crus-
taceans of the order Calanoida also have limited dispersal possibilities, which has 
been particularly noted in work on island communities (Novichkova et al. 2019). 
The most successful dispersers in the northern regions of Eurasia are the species of 
Cyclopoida, the regional faunas of which are very similar (Fig. 6). Representatives 
of this order are diverse and abundant in both benthos and plankton, inhabiting all 
major hydrological types of water bodies (Dodson 1991; Fefilova et al. 2013; Kiselev 
1969).

For individual orders and for all copepods in general, two main groups of re-
gions with relatively similar faunas can be distinguished: European-Siberian and 
Far Eastern (Fig. 6). Only for Cyclopoida, whose regional faunas are very similar, 
the European-Siberian group is not pronounced. It is characteristic that geographi-
cally close regions usually have highly overlapping species lists. However, the faunas 
of the European-Siberian group are much more similar than those of the Far East. 
This is due to the fact that the compared regions of the Far East are located in a wide 
latitudinal range (from 49 to 69 °N) and differ significantly in climate and prevailing 
landscape types, which influence the fauna (Nikanorov et al. 2011; Novichkova and 
Chertoprud 2022). On the contrary, the regions of the northern Eastern European 
Plain and Siberia are located within a relatively narrow latitudinal range (from 66 to 
75 °N), cover the landscape zone of tundras, and have a narrow climatic specificity 
(Weather Underground 2023).

Some regions with a specific composition of copepods and / or located on dis-
persal barriers are transitional zones between different geographical faunal blocks. 
For example, the Kola Peninsula is clearly distinguished from other regions by the 
list of Harpacticoida species. It has already been mentioned that the composition 
of the group in Karelia and the Kola Peninsula shows a high similarity to North-
ern Europe (Dimante-Deimantovica et al. 2017). This fact suggests the existence 
of a boundary between the Western European and Eastern European harpacticoid 
faunas. The Ural Mountains divide the Eastern European Plain and Siberia, whose 
copepod composition differs significantly (Fefilova et al. 2013). A transition zone 
runs along the Urals, which is well represented in the dendrograms (Fig. 6) as a di-
vision of the European-Siberian group into two branches. Of interest is the fauna of 
the Transbaikal, which differs in the species composition of Calanoida and Harpac-
ticoida. For Cladocera in this region, the existence of a broad transit zone between 
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the western and eastern Palearctic faunas with its own pool of endemics has been 
observed (Taylor et al. 2020; Zuykova et al. 2019). Finds of narrowly distributed, 
including endemic, Calanoida species in Transbaikal (Borutsky et al. 1991) confirm 
this pattern. However, Harpacticoida fauna is extremely poorly studied, which does 
not allow us to assess the biogeographic specificity of Transbaikal for this group.

Conclusions

1.	 In our current investigation, we identified a total of 64 Copepoda species in 
water bodies near Tiksi. This comprises 16 Calanoida, 20 Cyclopoida, and 28 
Harpacticoida. Notably, 19 of these species were discovered for the first time 
in the region, with 9 potentially representing new species. Among the water 
bodies, brackish water displayed the richest fauna, followed by lakes and then 
rivers, streams, and temporary reservoirs.

2.	 Our analysis revealed that the taxonomic and functional makeup of Copepoda 
complexes was consistent within water bodies of the same hydrological type. 
Within brackish-water lagoons, bays, and lakes, true-planktonic species from 
different trophic groups, such as Calanoida and Cyclopoida, held pivotal po-
sitions within these complexes. In contrast, species complexes in rivers and 
streams exhibited simpler structures, with benthic herbivorous Harpacticoida 
taking the lead.

3.	 The Copepoda fauna in the Tiksi vicinity primarily consists of species affili-
ated with the Subarctic and Arctic faunistic complex (48%), as well as the East-
ern Asian-North American fauna (20%). This observation points to the area's 
historical connection with the submerged land of Beringia, which once linked 
Eurasia and North America.

4.	 The degree of similarity among local copepod faunas correlates with crusta-
ceans' dispersal capacity, increasing progressively from Harpacticoida to Cala-
noida and finally to Cyclopoida.

5.	 In terms of copepods, we discerned two distinctive groups of regions with anal-
ogous faunas: European-Siberian and Far Eastern. The faunal similarity within 
the European-Siberian group surpasses that of the Far Eastern group, attributed 
to the narrower latitudinal range of the former regions and the resulting shared 
landscape and climatic conditions. Moreover, the presence of transitional zones 
between separate faunal blocks is proposed in the Kola Peninsula, North Urals, 
and Transbaikal regions.
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