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The effect of estuarine system 
on the meiofauna and nematodes 
in the East Siberian Sea
Daria A. Portnova*, Lesya A. Garlitska & Alexander A. Polukhin

Arctic meiofauna and nematodes were examined at 12 stations in the East Siberian Sea, covering a 
depth range of 13–59 m and an estuarine-shelf system from the Indigirka and Kolyma rivers to the 
adjacent shelf. Our data reveal the low diversity of the meiofauna at the East Siberian Sea shelf. The 
meiobenthos abundance was influenced by river run-off and the sea bottom landscape. The samples 
comprised a total of 28 families and 72 genera, and the number of genera per station ranged from 
15 to 32. The Comesomatidae was the dominant family with genus Sabatieria. Among all factors, 
depth, water temperature and the total organic carbon appeared to be important variables explaining 
spatial variations in meiofauna and nematodes abundance. Depth and river run-off were defining in 
controlling the density of nematodes in the study area.

The East Siberian Sea (ESS) is one of the continental shelf seas with the widest and shallowest shelf in the World 
Ocean, which has an open boundary with the Arctic Basin in its northern  part1. The ESS is covered with ice 
most of the year and this is a difficult area for researching compared with the other Arctic seas. On the ESS shelf 
occurs flaw leads to polynya. This is part of a recurring phenomenon known as the Great Siberian Polynya, and 
it may be up to 200 km  wide2. Oceanographic studies in this area have been almost entirely of a chemical or 
physical nature. An important feature of the ESS shelf is the aragonite undersaturation of its waters, which is due 
to the inflow of organic matter from thawing permafrost with continental run-off. Acidification of the ESS shelf 
is occurring faster than predicted and may cause a negative effect on the local ecosystem.

Study of the meiofauna in the EES began in 1973 during the 2nd Arctic expedition of the Zoological Insti-
tute Academy of Science  USSR3. For the first time, on this expedition they collected meiobenthos in addition 
to macrobenthos. Sediment samples of the grain size and organic matter content were collected at the same 
stations as the meiofauna  samples3. As a result of these expeditions, they inventoried the eastern part of the ESS, 
and in 1986 and 1989, they also inventoried the western part of the ESS for the composition and distribution 
of Arctic  benthos4–7.

Meiofauna are described a size class in the benthos which pass a sieve of 1 mm mesh size and retained on a 
sieve of 45 mesh size, includes a specific set of taxa, with series of specific ecological and evolutionary characteris-
tics: such as generation time, life-history traits, response time to temporal  changes8,9. The meiofauna community 
structure is commonly related to abiotic gradients in sediment composition and grain content, decomposition 
of organic matter, seasons, salinity, temperature fluctuations, water depth, tidal  exposure9,10. Microtopographic 
unevenness in abundance and diversity in meiobenthos can be generated by patchy distribution of food sources 
as well as biological activities, such as bioturbation and the construction of biogenic structures by other benthic 
 organisms11,12.

In the autumn of 2017 (22 August to 6 October) the cruise Ecosystems of the Siberian Arctic Seas-2017 was 
conducted with the objective of investigating the processes occurring in the estuarine areas of the Siberian rivers 
and on the shelf of the epicontinental Arctic seas, which affects the Central Arctic Basin via a system of cross-
shelf and cross-slope  transport13. The study of the ecology and sampling of Kara, Laptev and ESS benthic fauna 
was undertaken on board the R/V “Akademik Mstislav Keldysh” in this cruise.

The export of turbid waters from Arctic rivers and coastal regions could enhance the delivery of nutrients but 
could also impair photosynthesis by scattering and absorbing sunlight. The study in the Yenisei Gulf and adjacent 
parts of the Kara Sea demonstrates how the environmental conditions acting together affect the harpacticoid 
copepod and nematode community  structures14,15. Recently, the data revealed noticeable changes in diversity 
and composition of meiobenthic and nematode communities along the latitudinal transect in the Laptev Sea 
from relatively low-diversity communities near the Lena Delta to more diverse and abundant fauna in the shelf. 
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The vicinity of the Lena Delta plays an important role in the taxonomical structuring of nematode communi-
ties. Mixing of sediments and settling of resuspended matter from Lena River discharge is caused a vertical 
redistribution of the sediment layers, which impact both positive and negative effects on  meiofauna10. Due to 
the low study of the ESS, we need to test the hypothesis of whether the Indigirka and Kolyma rivers discharge 
affects the meiofauna and the community of nematodes in the ESS. Do meiofauna and nematode community 
densities and composition change along a bathymetric transect? Are these changes correlated with hydrophysi-
cal and hydro-chemical information available on the water column and sediment? This study of the ESS is by 
far the most comprehensive collection of meiobenthic data, and in this contribution, we analyzed data on the 
meiofauna and nematodes assemblages at 500–km latitudinal transects across the Indigirka and Kolyma Deltas 
areas (1) to describe the meiobenthic distribution patterns in the western ESS; and (2) to identify environmental 
factors controlling the genera composition and taxonomic structure of nematodes.

Results
Indigirka transect. The length of the Indigirka transect is 614 km with a depth from 14 to 58 m. It begins 12 
nautical miles to the north of the Indigirka delta and ends on the continental shelf. In August 2017, the average 
water discharge from the Indigirka was 1355  m3/s, which is 3.5  km3 or 7% of the annual run-off. The greatest 
influence of the Indigirka run-off was noted at station 5598, where the At/S ratio is 0.089 (Fig. 1a). 

With distance from the coast, the influence of the river run-off noticeably decreased. The frontal zone is 
clearly expressed up to station 5601 (200 km from the first site 5598) and has a combined type (elements of the 
vertical and horizontal frontal zones). An interesting feature of the water structure is the fact that the influence 
of the continental run-off is traced throughout the entire water column, from the surface to the bottom, which 
is determined by a At/S ratio of more than 0.07 units. Only in the surface and bottom layers on site 5607 is pure 
seawater released (the At/S ratio is 0.068). The entire water column along the section is undersaturated with 
aragonite, in the area of the maximum influence of the Indigirka run-off, ΩAr is 0.3–0.6, then it increases in the 
seaward part and reaches ΩAr = 1 at the northernmost station of the section (Fig. 1b). At stations 5605 and 5606, 
an upwelling effect with lower ΩAr water is noted.

Kolyma transect. The length of the Kolyma transect is 538 km, with a depth ranging from 17 to 50 m. 
In 2017, the average annual run-off of the Kolyma was 154  km3 (with an average interannual run-off rate of 
121  km3). This fact is not surprising, since it is known that the continental run-off into the Arctic ocean is 
 increasing16–18. In August 2017, the average water discharge from the Kolyma was 6552  m3/s and in June and 
July, 21,280 and 12,761  m3/s, respectively (Fig. 2). Thus, over 3 summer months, 106  km3 of freshwater, 70% of 
the total run-off, entered the water area of the ESS from the Kolyma River. The greatest influence of the Kolyma 

Figure 1.  Distribution of riverine water using At/S ratio (a,c) and aragonite saturation (b,d) along the 
Indigirka and Kolyma transects. Maps was created with Golden Software Surfer version 8. Black circles indicate 
meiobenthic stations in Indigirka river, grey circles in Kolyma river.
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run-off was noted at the station 5620 closest to the mouth, where the At/S ratio is 0.089 (Fig. 1c). The influence 
of the river run-off can be traced up to 150 km away from the southern site, which is 12 nautical miles from the 
river mouth. With distance from the coast, the influence of the river run-off noticeably decreases, and the ratio 
does not exceed 0.071, but this clearly shows the presence of freshwater in the entire water column along the 
transect. In the southern part of the section, between stations 5617 and 5618, a vertical frontal zone is expressed, 
which is presented as a marginal filter, where the maximum sedimentation of suspended allochthonous mat-
ter  occurs19. The entire water column along the section is undersaturated with aragonite, and in the area of the 
maximum impact of the Kolyma run-off, ΩAr is 0.4–0.6 (Fig. 1d). The vertical front is clearly pronounced, then it 
increases in the seaward part and reaches 0.95 at the northernmost station of the section 5612 in the 20 m layer. 
At stations 5612 and 5613, as in the case of the Indigirsky section, the upwelling of bottom waters with a lower 
ΩAr is observed.

Environmental variables. The PCA based on the environmental data showed that the first component 
accounted for 48% of the total variation and reflected the general trend along the cross-sections from warm shal-
low brackish water stations 5598, 5617, and 5619 to deepest cold, saline waters stations 5607 and 5612 (Fig. 3). 

Figure 2.  Discharge of the Kolyma (a) and Indigirka (b) Rivers in 2017. Data was obtained from the Arctic 
Great Rivers Observatory project web-site62.

Figure 3.  Principal component analysis based on the environmental factors (Depth, S—salinity, T—
temperature,  O2—oxygen saturation, Silt—silt content,  Corg—total organic carbon content). PC1 explained 48% 
of total variation, PC2—27%. Black circles indicate stations in Indigirka river, grey circles in Kolyma river.



4

Vol:.(1234567890)

Scientific Reports |        (2021) 11:19306  | https://doi.org/10.1038/s41598-021-98641-1

www.nature.com/scientificreports/

Station 5615 characterized by highest water temperature (4 °C), while it was located further than southernmost 
stations. The station 5598 was enriched by the highest total  Corg among all stations. The second component 
explained 26% of the total variation and was correlated with total organic carbon. The sediment at all of the sta-
tions contained a high volume of silt fraction, more than 81%. Only two southern stations of the Kolyma transect 
(5617 and 5619) were characterized by coarser sediments. The stations 5607 and 5612 were characterized by low 
oxygen content.

Meiobenthos. At the Indigirka transect, the meiobenthic density increased from the southernmost station 
to the shelf and decreased again at the deepest station (Fig. 4a).

Meiobenthic total densities reached a maximum of 3504 ± 1030 (SE) ind./10  cm2 at station 5605. The mini-
mum meiobenthos were noted at stations 5598 and 5604 (465 ± 129 (SE) ind./10  cm2 and 334 ± 80 (SE) ind./10 
 cm2, respectively). At the Kolyma transect was observed different tendencies: high meiobenthic total densities 
along the transect with a significant drop at station 5613 (406 ± 90 (SE) ind./10  cm2) and an increase at the deepest 
station 5612 (4718 ± 1494 (SE) ind./10  cm2) (Fig. 4b). One-way ANOVA comparison of total density among sta-
tions did not show any significant difference among all stations (p > 0.05). A Tukey’s comparison of total density 
revealed significant differences among stations 5605 and other stations, except 5602, also abundance at station 
5612 significantly higher than at all other stations (p < 0.001), except 5605. In total, 8 major taxonomic groups, 
6 of the permanent meiobenthos and 2 of the temporary meiobenthos were found, excluding copepod nauplii 
(Table 1). Diversity was 6–7 taxa at all stations except stations 5598 and 5604 with 4 taxa per station (Fig. 4a). 
At all stations, nematodes, harpacticoid copepods and polychaetas were observed, whereas kinorhynchs came 
as second taxon at station 5612 and was very abundant at station 5605 (Table 1). Turbellaria was noted only at 
station 5602. The density of nematodes ranged from 244 ± 18 ind./10  cm2 (station 5604) to 4508 ± 347 ind./10 
 cm2 (station 5612). Nematodes represented from 69 to 96% of the total meiofaunal abundance. Harpacticoids 
were the second most important group. The total harpacticoid abundance was relatively low, on average 42 ± 17 
ind./10  cm2. The lowest density was found at station 5598 (25 ind./10  cm2), and the highest at station 5602 (208 
ind./10  cm2). The accounted for 67% of the total variability and reflected the general trend along transects from 
the shallower southern to cold deep stations. The CCA analysis (Fig. 5) showed bivalves were positively cor-
related with water temperature, but negatively correlated with depth and salinity. The harpacticoid copepods 
with naulii, ostracods, and polychaetes preferred high values of oxygen and low content of organic carbon in 
sediments. Kinorhynchs revealed positive correlations with depth and avoided warm waters (Fig. 5). Overall, 

Figure 4.  Distribution of abudance of total meiobenthos with depth along Indigirka (a) and Kolyma (b) 
transects. Number of meiobenthos taxa recorded for each station is given above columns indicating abundances. 
Meiobenthos stations marked by bolt. The sea bottom profile is shown in orange.
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water temperature and the total organic carbon (19% of the total variability) appeared to be important variables 
explaining spatial variations in abundance of the meiofauna taxa in the studied transects.

Nematode community densities and diversity. At the Indigirka transect, nematode densities 
increased from the southern shallow water station 5598 (396 ind./10  cm2) toward the deeper station 5605 (3133 
ind./10  cm2). However, below by the shelf, the abundance of nematodes decreased (539 ind./10  cm2, station 
5607). At the Kolyma transect the opposite trend occurred. The nematode abundance was high at the south-
ernmost station (1039 ind./10  cm2, station 5619), and decreased with movement by the shelf to the north. The 
abundance increased sharply at the deepest and northernmost station (4508 ind./10  cm2, station 5612) (Table 1). 
There were no significant differences between transects, although the mean nematode densities were higher 
along the Kolyma transect, compared to Indigirka. A total of 1326 nematode individuals were identified from the 
12 stations, representing 72 genera belonging to 28 families. The number of genera per station ranged from 15 to 
32. The most important nematode families in terms of total density were the Comesomatidae, the Desmodoridae 
and the Xyalidae, accounting for 14–24%, and the Chromadoridae, the Monhysteridae and the Linhomoidae for 
5–11% of the total nematode fauna. The families Xyalidae (9 genera) and Chromadoridae (9 genera) contained 
the highest number of genera, followed by the Linhomoidae (6 genera) (Table 2). Diversity indices showed no 
difference in genera composition between both transects. The most different was station 5617, with the lowest 

Table 1.  Mean average density (AD ± SE ind./10  cm2) of each meiobenthic group in the 0- to 5-cm deep 
sediment layer. Nauplii were counted for total meiobenthos density, but it was not present a taxon. The stations 
are listed in the direction from the rivers deltas to offshore.

Station

Indigirka Kolyma

5598 5600 5602 5604 5605 5606 5607 5619 5617 5615 5613 5612

Nematoda 396 938 1497 244 3133 860 539 1039 716 718 281 4508

Harpacticoida 
copepoda 25 86 208 53 125 187 49 133 57 132 65 67

Kinorhyncha 0 8 33 3 69 43 8 15 4 30 13 94

Ostracoda 0 8 19 0 18 2 2 19 3 16 15 1

Polychaeta 3 12 18 1 3 3 4 8 2 5 1 7

Bivalvia juv 18 7 0 0 4 1 1 5 11 6 2 2

Hydrozoa 0 6 3 0 46 5 12 16 0 4 0 13

Turbellaria 0 0 2 0 0 0 0 0 0 0 0 0

nauplii 23 50 130 33 106 49 29 58 21 89 29 26

AD ± SE 465 ± 129 1115 ± 306 1910 ± 487 334 ± 79 3504 ± 1029 1150 ± 281 644 ± 176 1293 ± 338 814 ± 235 1000 ± 232 406 ± 90 4718 ± 1494

Taxa 4 7 7 4 7 7 7 7 6 7 6 7

Figure 5.  Canonical correspondence analysis showing abundance distribution of meiobenthic taxa in relation 
to environmental variables: Depth—depth, S—salinity, T—temperature,  O2—percentage of oxygen,  Corg—total 
C org, Silt—silt content.
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Family Genus FT

Indigirka transect Kolyma transect

5598 5600 5602 5604 5605 5606 5607 5619 5617 5615 5613 5612

Aegialoalaimidae Aegialoalaimus 1A 1.08 1.6 0.0 2.8 0.8 0.0 2.3 0.0 0.0 0.0 0.0 1.7

Anoplostomatidae Anoplostoma 2B 0.0 1.6 0.8 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8

Axonolaimidae
Axonolaimus 2A 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0

Margonema 2A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.0

Camacolaimidae
Alaimella 1A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.8

Ionema 1A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0

Ceramonematodae Pselionema 1A 1.08 0.0 0.0 0.0 0.0 0.0 4.6 0.0 0.0 1 0.0 0.0

Chromadoridae

Acantholaimus 2A 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Chromadora 2A 1.08 1 0.0 0.9 0.0 3 3.1 0.0 0.0 0.0 2.2 0.0

Dichromadora 2A 3.2 4.1 2.6 2.8 0.8 0.0 0.7 0.0 1.9 15.4 0.0 0.8

Endeolophos 2A 1.08 0.8 1.7 10.5 1.7 24 7 3.4 0.0 2.2 2.2 1.7

Euchromadora 2A 1.08 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Innocuonema 2A 1.08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Neochromadora 2A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0 0.0

Timmia 2A 4.3 5.7 4.3 3.8 0.0 5.2 0.0 4 0.0 0.0 11.4 0.0

Trochamus 2A 1.08 0.8 1.7 0.0 1.7 0.0 1.5 0.0 0.0 0.0 0.0 0.0

Comesomatidae

Cervonema 1A 2.2 18 0.8 1.9 11 9 1.5 1.3 4.5 13.2 2.3 0.0

Comesomoides 1B 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0

Sabatieria 1B 7.6 13 28.4 17 11.5 2 15.5 21 46.2 29.7 0.0 8.7

Cyatholaimidae

Cyatholaimus 1B 0.0 0.0 1.7 0.9 0.0 0.0 0.7 2 0.0 0.0 0.0 0.0

Nannolaimoides 2A 0.0 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Pomponema 2A 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Desmodoridae
Desmodora 2A 1.08 0.8 14.6 0.0 0.0 0.0 0.0 23.6 21.8 10 25.0 0.8

Molgolaimus 1B 5.4 3.3 3.4 0.0 10.6 25.0 17 0.0 0.6 1 9 19.3

Desmoscolecidae Desmoscolex 1A 1.08 0.0 2.5 0.0 3.5 1 0.7 0.0 0.6 1 0.0 1.7

Diplopeltidae
Campylaimus 1A 10.9 2.4 0.8 0.0 0.8 0.0 0.0 0.6 0.0 0.0 0.0 1.7

Southerniella 1A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.0

Diplopeltoididae Diplopeltoides 1A 0.0 1.6 0.9 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Enchelidiidae
Abelbolla 2A 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.6 0.0 0.0 2.2 0.0

Symplocostoma 2B 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Enoplidae Enoplus 2B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0

Leptolaimidae Leptolaimus 1B 2.2 2.5 1.7 0.0 0.0 1 0.0 1.3 0.0 0.0 0.0 0.0

Leptosomatidae Leptosomatum 1A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0 0.0 0.0 0.0

Linhomoeidae

Anticyathus 1A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7

Desmolaimus 1B 1.08 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1 0.0 0.0

Eleutherolaimus 1A 0.0 1.6 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Linhomoeus 1A 0.0 2.5 0.0 0.92 4.4 2 2.3 0.0 0.0 0.0 0.0 0.0

Metalinhomoeus 1B 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Terschellingia 1B 5.4 5.7 0.0 1.9 0.0 0.0 1.5 0.0 14 0.0 0.0 0.0

Microlaimidae
Aponema 2A 0.0 1.6 0.0 2.8 16 1 0.7 2 0.0 1 0.0 7.9

Microlaimus 2A 2.2 0.0 0.0 0.9 0.8 0.0 1.5 0.0 0.0 3.3 0.0 3.5

Monhysteridae

Cryonema 1B 3.3 0.0 0.9 14.2 3.5 5.2 16.3 6.7 0.0 0.0 6.8 15

Hieminema 1B 7.6 0.0 0.9 8.5 0.8 1 0.7 12.2 0.0 1 0.0 0.0

Monhystera 1B 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Monopothiidae
Monoposthia 2A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0

Nudora 2A 0.0 0.0 0.9 0.0 0.0 0.0 0.0 5.4 0.0 0.0 0.0 0.0

Oncholaimidae

Metoncholaimus 2B 0.0 0.0 0.0 0.99 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Oncholaimellus 2B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.0

Viscosia 2B 0.0 0.0 2.6 8.6 0.8 0.0 0.0 0.0 0.6 0.0 2.2 0.8

Oxystominidae

Halalaimus 1B 7.6 3.3 0.0 0.9 0.0 0.0 2.3 0.0 3.8 8.8 0.0 0.8

Oxystomina 1A 0.0 0.0 1.7 1.9 0.0 1 0.7 0.6 0.0 0.0 0.0 0.0

Thalassoalaimus 1B 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Rhabdolaimidae Syringolaimus 2A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.0

Selachinematidae Latronema 2B 0.0 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0

Continued
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genus diversity (15 genera) and strong dominance by two genera, Sabatieria and Desmodora (Table 2). SIMPER 
analysis showed that the broadly distributed abundant nematode genera as Sabatieria, Desmodora, Molgolaimus, 
Cervonema, Elzalia and Daptonema were primarily responsible for the dissimilarity observed among two tran-
sects (Table 3). The multivariate analysis revealed the combined effect of depth and organic content in sediment 
on nematode community structure at the level of the genera (Fig. 6). The PCA showed that the first compo-
nent accounted for 26.7% of the total variability and reflected the general along transect trend from shallower 
warm brackish water (station 5598, 5600, 5617, 5619) to deeper cold salt waters (Fig. 6). The second compo-
nent accounted for 14.7% of the total variance and correlated with total organic carbon in sediment. The most 

Table 2.  Percentage abundance of nematode genera, their feeding type (FT) and diversity indexes. Stations are 
indicated in the top line in bold. Number of genera—S.

Family Genus FT

Indigirka transect Kolyma transect

5598 5600 5602 5604 5605 5606 5607 5619 5617 5615 5613 5612

Sphaerolaimidae

Metasphaerolaimus 2B 0.0 0.0 0.9 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Parasphaerolaimus 2B 0.0 0.0 0.0 0.0 0.0 0.0 1.5 1.3 0.0 0.0 0.0 0.0

Sphaerolaimus 2B 6.5 6 4.3 0.0 0.8 0.0 2.3 1.3 1.9 0.0 11.4 0.0

Subsphaerolaimus 2B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 1 0.0 0.0

Thoracostomapsidae

Enoploides 2B 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Mesacanthion 2B 0.0 0.0 0.9 0.0 2.6 0.0 0.0 0.7 0.0 0.0 0.0 0.0

Paramesacanthion 2B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1 0.0 0.0

Parasaveljevia 2B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.0

Tripyloididae Gairleanema 2B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0

Xyalidae

Amphimonhystrella 1B 9.8 4.1 1.7 0.0 0.0 1 0.7 3.4 0.0 0.0 2.2 0.0

Daptonema 1B 6.5 0.8 7 3.8 3.5 12.5 7.7 0.7 0.6 7.7 4.5 0.8

Elzalia 1B 1.08 0.8 6 1.9 1.7 1 2.3 0.0 0.0 0.0 2.2 24.6

Filipjeva 1B 1.08 3.3 0.0 0.9 0.0 1 0.7 0.0 0.0 0.0 0.0 0.0

Gnomoxyala 1B 0.0 1.6 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Gonionchus 2B 0.0 0.0 0.0 1.9 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0

Linhystera 1A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0

Paramonhystera 1B 2.2 1.6 5.2 1.9 3.5 1 0.7 0.6 0.6 1 2.2 0.0

Theristus 1B 0.0 3.3 0.0 1.9 12.3 2 0.0 2 0.0 0.0 0.0 0.8

S 28 32 27 28 27 19 29 27 15 17 20 19

Dominance 0.06 0.07 0.12 0.08 0.08 0.15 0.09 0.12 0.28 0.15 0.11 0.14

Simpson_1-D 0.93 0.92 0.87 0.91 0.91 0.85 0.9 0.87 0.71 0.84 0.88 0.85

Shannon_H 3.01 3.03 2.65 2.84 2.75 2.26 2.73 2.52 1.66 2.19 2.59 2.28

Pielou index 0.90 0.87 0.80 0.85 0.83 0.76 0.81 0.76 0.61 0.77 0.86 0.77

Table 3.  Fifteen most important nematodes genera in the ESS. Av. dissim.—overall average dissimilarity; 
Contrib.—contribution (%); Cum—cumulative (%); MA—mean abundance in each of the two transects. 
Indigirka—Indigirka transect, Kolyma—Kolyma transect.

Taxon Av. dissim Contrib. % Cum % Indigirka MA Kolyma MA

Sabatieria 9.606 14.21 14.21 15.6 28

Desmodora 7.277 10.77 24.98 2.71 18

Molgolaimus 4.495 6.65 31.62 10.1 5.6

Cryonema 3.457 5.114 36.74 7 6

Cervonema 3.11 4.601 41.34 7.29 4.4

Elzalia 3.07 4.541 45.88 2.43 5.8

Endeolophos 2.903 4.294 50.18 7 2

Terschellingia 2.388 3.533 53.71 2.29 4.4

Hieminema 2.27 3.359 57.07 2.86 3.8

Daptonema 2.253 3.334 60.4 6.43 2.4

Aponema 2.035 3.011 63.41 3.57 2.6

Dichromadora 1.877 2.777 66.19 2.29 3.6

Halalaimus 1.527 2.259 68.45 2.14 3

Theristus 1.464 2.166 70.61 3.14 0.8

Timmia 1.409 2.084 72.7 3.57 2.2
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abundant family Comesomatidae were preferred a more shallow and brackish water environment. There are 
two important members of this group—Sabatieria and Cervonema (Fig. 6). The genus Sabatieria was sensitive 
with respect to depth and organic content, and was dominant at warm brackish part of Kolyma transect (5615, 
5617, 5619) and in the middle of the Indigirka transect (stations 5602, 5604). The genus Cervonema is a clear 
representative of the more saturated organic content sediments in the brackish waters (Fig. 6). The Desmodori-
dae were represented by Desmodora and Molgolaimus. The genus Desmodora revealed positive correlation with 
shallow warm waters at the Kolyma transect as the genus Molgolaimus was a clear representative of the deep cold 
salt waters of the shelf. Amongst one of the most diverse families Linhomoidae, Terschellingia was more common 
in the southern stations in both transects. The Xyalidae are a very diverse family encompassing five important 
genera: Amphymonhystrella, Daptonema, Elzalia, Paramonhystera and Theristus. The four genera (Daptonema, 
Elzalia, Paramonhystera, Theristus) were preferred deep sediments. The genera Amphymonhystrella, Timmia, 
Campylaimus, Sphaerolaimus shows positive correlation with the shallow warm sediments with high content of 
organic in the Indigirka transect, while genus Halalaimus shows the same at both transects. The Chromadoridae 
are a very diverse group with important genera such as Dichromadora, which was more common in the southern 
warm brackish waters and the genus Endeolophos, which was more frequently observed in the deepest part of 
the Indigirka transect (Fig. 6). The most common sampled genera of Monhysteridae were Cryonema and Hiem-
inema. These genera were observed opposite trends at both transects: Cryonema was abundant at the deep-sea 
stations while Hieminema at the shallow water southern stations (Fig. 6).

Nematode feeding types. The analysis of the feeding types showed a significant dominance of nonselec-
tive deposit feeders (1B feeding type) and epistrate feeders with a small stoma supplied with teeth, stilets and 
dentacules (2A feeding type). Nematodes with an unarmed or very narrow stoma, without teeth (1A feeding 
type) made up 5–28% of the total nematodes in all stations. The selective deposit feeders (1A) were more abun-
dant in silty sediments with organic enriched, whereas depth doesn’t have much of an impact on them. The most 
abundant nematodes with 1A type were Campylaimus and Cervonema. Non-selective deposit feeders made up 
more than 39% of all nematodes at all stations except 5606 and 5613 (Fig. 7). At these stations, epistrate feeders 
were dominant (58 and 55% correspondently). The most numerous non-selective deposit feeders (1B, Sabat-
ieria) and epistrate feeders (2A, Desmodora) show negative correlation with organic content and silt, however 
1B prefer more coarser sediment (5617, 5619). The highest percentages of species belonging to scavengers and 
predators (2B feeding group) with massive teeth or armature in the buccal cavity were found at stations 5604 and 
5613 (14–20%). This group of nematodes was almost absent at station 5606. No clear trend was observed for the 
distribution of feeding group 2B. The most abundant predators were Sphaerolaimus and Viscosia (Fig. 6). The 
analysis of the contribution of feeding types to similarity within each group suggested that there were broadly 
distributed feeding types such as selective deposit and epistrate feeders. The dissimilarity among the Indigirka 
and Kolyma was caused by differences in the density of the selective feeders and predators (Table 4).

Figure 6.  Principal component analysis based on the density of nematodes (genus must be more 1% of 
total assemblage) and environmental factors (arrows lines: Depth, S—salinity, T—temperature,  O2—oxygen 
saturation, Silt—silt content,  Corg—total organic carbon content). Thick lines show the genera of nematodes. 
Black circles indicate stations in Indigirka river, grey circles in Kolyma river.
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Discussion
Generally, there are major structuring factors—such as salinity, physical–chemical properties of the sediment, 
food availability—that play the most important roles in the meiobenthic distribution patterns (Moens et al.20). 
However, the relative significance of the various factors can differ considerably among habitats and  regions9,21,22 
(Alves et al.29). The Arctic Ocean is the most riverine-influenced of all the world’s oceans, with freshwater 
inputs great enough to create an estuarine-like environment throughout the ocean basin that is characterized 
by low-salinity surface waters with a clear terrigenous chemical  signal23. Given that the Arctic seas flow with 
large rivers, the Ob, the Yenisey, the Lena, the Indigirka, and the Kolyma, one of the main structuring factors 
influencing the meiobenthos is salinity in the estuarine-shelf  systems10,14. The maximum impact of the Indigirka 
run-off was at southernmost station 5598 with warm water temperatures and the highest organic carbon con-
tent and low density and diversty of meiobenthos, while the strong signal of the Kolyma waters was traced at a 
distance of 200 km from the beginning of the transect with the maximum at the southern station 5619 and high 
abundance of meiofauna. Comparing the influence of a huge river as the Amazon with Indigirka and Kolyma 
rivers, on the inner shelf meiofauna, observed the similarity—in the nearshore sites is lower meiofaunal and 
nematodes abundance than father offshore shelf sediments. The nearshore deposits of the Amazon subaqueous 
delta complex generally have a surface layer of fluid mud and are devoid of macrobenthos and characterised by 
low density of meiofauna. The high degree of physical disturbance and unstable nature of the seabed coupled 
with reduced detrital food availability in bottom sediments were the major factors limiting faunal abundances, 
controlling the taxonomic diversity of the  meiobenthos21. Earlier studies in ESS noted that the low meiobenthos 
abundance in the close to the shore was caused by shallow depths, desalination, high turbidity, and the abrasive 
action of the  ice3,5,24. It can be assumed that in the zone of active mixing with shallow depths, desalination and 
an increase in water temperature, meiobenthos does not feel comfortable, while with the removal of the shelf 
towards marine conditions, the abundance of meiofauna begins to increase. However, in addition to harsh con-
ditions in the zone of turbulence the finer sediments may facilitate burrowing, overcome movement barriers, 
sufficient oxygen saturation of sediment thus provide more suitable habitat for meiobenthos. Sediment grain size 
is one of the main factors related to the abundance and composition of the meiobenthos, and driving important 
deviations from the general trend shaped by  salinity14,25–29. Significant change in both the abundance and spe-
cies composition of meiobenthos taxa was revealed, depending on the grain size type in the Kara  Sea30. Recent 
studies in the Chukchi Sea have shown a lack of sediment influence in shaping meiofauna  distribution31. In the 
ESS the sediment was silty at all stations, except for two stations (5617, 5619) with coarse grain content. The 
granulometric composition and low values of organic content appear to influence the meiobenthos abundance 
inhabited in the nearshore zone under the influence of the Kolyma River. Numerous studies have documented 

Figure 7.  Percentage of nematode trophic groups revealed in the study area.. 1A—selective deposit feeders, 
1B—nonselective deposit feeders; 2A—epistrate feeders; 2B—predators.

Table 4.  Feeding types of nematodes in the East Siberian Sea. Comparison feeding types between two 
transects—Indigirka and Kolyma.

Feeding type Av. dissim Contrib. % Cumulative % Indigirka Kolyma

1B 3.945 30 30 51.3 57.4

2A 1.91 14.53 61.61 34 38.2

1A 1.317 10.02 71.62 17.1 9.6

2B 0.7 5.323 93.02 8 5.4
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the influence of organic matter on  meiofauna32. However, it has been reported that high levels of organic mat-
ter or pollution both reduce and increase the density and diversity of the  meiofauna9,29. The highest values 
(> 80%) of terrigenous organic matter in the ESS sediments were found in the nearshore areas of the Indigirka 
and the Kolyma  rivers33. More than three-fold excess of Pb and high rates of accumulation of Cr, Co, Ni, Cu 
and Zn were detected at the mouth of the Indigirka River at station  559834. The mesocosm experiment showed 
high rates of Pb to affect meiofaunal community by reducing the richness or diversity, and the abundance of 
the most sensitive  taxa35. It can be assumed that the low values of abundance and diversity of meiofauna at the 
southernmost Indigirka transect station are caused by the influence of both terrigenous drift and high content 
of heavy metals in the sediment. The high concentration of phosphates, low nutrients and Si, and low oxygen 
indicated an area at the slope (station 5604) with downwelling of cold sea waters and orographic depression 
with the accumulation of organic matter. Maximum of ammonia nitrogen and total mineral phosphorus in the 
bottom layer due to location at the depression with accumulation of sedimentation of the riverine suspended 
particulate matter was observed at station 5604. The low oxygen saturation of the water combined with the high 
content of ammonium nitrogen indicated the predominance of degradation processes of organic matter and the 
absence of the active phase of photosynthesis. The high concentration of nitrite nitrogen, ammonium nitrogen 
and phosphorus indicates a recently started destruction process and may be the reason for the decrease in the 
density of meiofauna at station 5613. All taxa of meiobenthos were depressed at these stations. The low near-
bottom oxygen content was due to the oxidation of organic matter in the bottom waters and the upper layer of 
sediment. Both areas of reduced oxygen content were confined to places with suspension accumulation (the foot 
of the slope in the northern part of the transect and a local depression in the central part). One of the stations 
was located at the marginal ice zone. Marginal ice zones are known to be the most highly productive systems in 
the Arctic Ocean with large amounts of primary production reaching the deep  seafloor36. At station 5607 there 
was the high diversity of meiobenthos and nematode community, while the density was low. Presumably, the 
reduced abundance of meiofauna at station 5607 was related to its low oxygen content (60.5%), which in turn 
was associated with melting ice in the marginal ice zone. The general distributions of water hydrochemical data 
and nitrates at the ESS better correspond to the late autumn. The oxidation processes of organic matter in the 
water column reduced the food flow for the meiobenthos.

The benthos of the ESS shelf has repeatedly been reported to be generally poorer than in other Eurasian-Arctic 
seas in terms of diversity, abundance and  biomass4,6. This scarcity has been attributed to the severe climate in the 
ESS, as well as to the features of the basin’s  hydrology6. A comparison of the meiobenthos abundance among the 
East Siberian, the Laptev and the Kara seas shows a high variability of density on the Arctic shelf, due to a variety 
of hydrological and hydrochemical  conditions10,37. The analysis of the meiobenthos taxonomic composition on 
the Kara Sea shelf showed 15 meiofauna taxa, 14 taxa in the Laptev and Chukchi  Seas10,15,31,37,38. Six major taxa of 
permanent and two of temporal meiobenthos were identified in the present study, which confirms the relatively 
low diversity of the meiofauna at the western part of the ESS. Nematodes have always been the most abundant, 
harpacticoids have been the second group, but kinorhynchs have come as second or third taxon. The dominance 
of nematodes in the meiofauna is a feature of the estuarine shelf zone not only of the Arctic seas. Nematodes have 
dominated in the meiobenthos communities inhabiting the northeastern Brazil continental shelf affected by the 
vast Amazonian drainage complex and continental shelf near Changjiang (Yanngtze)21. Densities of kinorhynchs 
displayed differences between stations, with the highest values at the stations with maximum abundance of 
nematodes and the lowest at stations located at the south of transects. A relatively large number of kinorhynchs 
were detected at a few stations and formed the second or third most dominant taxon at some stations in the 
Chukchi  Sea31. Little is known about the main environmental factors that shape the kinorhynch communities 
in general. The recent study performed in the Arctic Ocean determined that sediment grain size is the variable 
that most seem to affect the Kinorhyncha species  composition39. The study sites located at the mouth flow of 
Mobile Bay with outflow of freshwater into the Gulf of Mexico has revealed that sediment type is likely the main 
driver affecting kinorhynch abundances and  diversity40. However, based on the results obtained, it is impossible 
to draw conclusions about the influence of any factors on the distribution of kinorhynchs.

In the study area, the most abundant families and genera of nematodes were the representatives of the assem-
blages of Arctic  sediments10,15 and they may be considered as typical iso-communities of muddy sediments (Heip 
et al.67). Communities of nematodes were quite similar along the Indigirka transect, but the closest in composi-
tion were in the sediments at the terminal stations. In contradiction of desalination, a significant difference in 
depth (13 versus 59 m), high organic content and a noticeable deficiency of oxygen, the nematode population 
density decreased without changing the composition of the community. The southernmost station was differ-
ent with the dominant genus Campylaimus in the nematode community. The genus Campylaimus is a broadly 
distributed but relatively uncommon genus of marine and brackish nematodes with 20 nominal species and 
one nomen nudum41. Many species descriptions and redescriptions are based on a very few (single) individuals, 
which limits understanding of inter- and intra-specific variability and morphology-based species  boundaries41. 
Specimens from the ESS are represented only by females, that is why the identification to the species level would 
be unreliable and approximate. The deepest and the most distant site was also inhabited by a diverse community 
of nematodes with three numerous genera: Sabatieria, Molgolaimus and Cryonema. The most interesting fact is 
the high density of the Cryonema, which we assume is due to the station’s location on the marginal ice zone. Ice 
nematodes were represented by juveniles and females that could colonize the sediment from melting ice. The 
sediment at the orographic depression was inhabited by a highly diverse nematode community despite nematodes 
being decreased in abundance. The dominant genus was Sabatieria, which generally shows a high tolerance to 
hypoxic conditions (Broman et al.45). It should be noted that this genus was the most widespread in the entire 
studied area. The Comesomatidae with the genus Sabatieria was the dominant family at the Chukchi Sea slope 
at depths 898–1945  m42. A higher abundance of Sabatieria at the shallow slope was described for the Kara and 
the Laptev Sea shelf sites, and the estuarine sites the NE Atlantic, the Baltic Sea, and the Black  Sea43 (45,46).
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At the Kolyma transect there is an opposite trend. The nematode abundance is high at the southernmost 
station (1039 ind./10  cm2, station 5619), and decreases with movement to the shelf to the north. The abundance 
increases sharply at the deepest and northernmost station (4508 ind./10  cm2, station 5612). The genus Desmo-
dora is widespread, one of the most adaptable, inhabiting sediment both in freshwater and in the sea, and it was 
abundant at shallow brackish water sites, including station  561344,47. At this site there was impoverishment of the 
nematode assemblage, primarily the density of marine species and the capability of surviving in brackish water 
species. The station 5612 was deep with silty sediments, situated further north along the transect, influenced by 
cold, euhaline (32 psu) waters with a low diversity of macrobenthos (Kokarev, in preparation). The concentration 
of bacterioplankton at station 5612 increased with depth, and reached maximum values in the bottom  layer48. 
Perhaps all of these conditions achieved a positive effect on the nematode community.

The distribution of food from the surface waters is a major driver for the aggregated distribution pattern of 
nematode abundance and reproduction  events11. Sediments with high silt content generally show a high propor-
tion of deposit feeders (Heip et al.67). The epigrowth feeders (2A) and non-selective deposit feeders (1B) were 
abundant in the western part of the East Siberian Sea shelf, while they were represented by low numbers in deep-
sea meiofauna  studies42,49. This is probably related to the sedimentation of organic matter and a sufficient amount 
of bacteria in the shallow water shelf. Predators did occur in low numbers in the orographic depressions where 
decay processes occur, which negatively affected the nematode community. Most predators and omnivores are 
also facultative scavengers and this combination of feeding types is a successful feeding strategy in food-limited 
habitats such as the deep sea or a bottom  depression50.

Materials and methods
Study area. The ESS is one of the marginal and most ice‐bound seas off the Arctic Ocean bordering the 
eastern part with the Chukchi Sea in the east by the De Long Strait and with the Laptev Sea in the west via the 
Dmitry Laptev, Eterikan and Sannikov Straits. More than 70% of the sea bottom area comprises depths of less 
than 50  m51. Two major rivers enter directly into the ESS the Indigirka (152° E) and Kolyma (162° E) rivers. The 
mean annual run-off of the Kolyma River (121  km3/year) exceeds that of the Indigirka (50  km3/year) by almost 
twofold and discharge during the high-water period may increase  tenfold52 (Fig. 2).

Based on the distribution of the hydrological and hydrochemical data, the ESS is separated into two regions, 
western and eastern. The western area is affected by freshwater input by Laptev Sea water masses. Atlantic water 
entering in the western regions of the ESS is heavily diluted by the Lena River, even before entering the ESS 
and by the Indigirka and Kolyma rivers run-off and the freshwater spatial distribution is largely dependent on 
the  wind53. The eastern area experiences Pacific influence. The long-term average position of the frontal zone 
separating these two regimes is around 160° E for the water column and 170° E for the  sediments33.

The ESS seawater temperature is close to the freezing point over the entire water column during the winter 
as a result of surface cooling and ice formation, whereas the bottom layer may well be affected by warm Atlantic 
water coming from the continental  slope54. The main processes that affect the accumulation of organic matter 
in the ESS are the terrigenous contribution of river runoff, coastal erosion, and primary production associated 
with the inflow of Pacific  waters55. In general, organic carbon in the surface sediments is of terrigenous origin 
and varies from 0.5 to 1.5% in the ESS and the higher values are associated with sediments near the Indigirka 
and Kolyma river  mouths56. Our studies were performed in the near‐shore zone (open water between the coast 
and drifting ice) of the ESS (Fig. 8). The maps (Fig. 8) were prepared with Surfer software version 8 (http:// www. 
golde nsoft ware. com).

The sea ice coverage in the autumn of 2017 was low and a large area of the ESS could be sampled. Only some 
small patches of drifting sea ice were observed between stations 5606 and 5607 during the cruise, but the sea ice 
boundary at station 5607 restricted the sampling program. The river run-off also impacts the chemical signa-
ture of the waters as it has a high concentration of total alkalinity, dissolved organic carbon as well as nutrients 
(sum.53). In 2017, the investigated area was highly influenced by freshwater from the rivers. It should be noted 
that several sources of freshwater exist in this area: rivers as well as sea ice melt. The high-water period usually 
occurs in May–June and makes up almost half of the annual run-off, and therefore, by the time the expedition 
was carried out, most of the Indigirka run-off was already in the water area of the  ESS52. The surface water salin-
ity exhibited a longitudinal trend characterized by low values (24–27 psu) in the southernmost stations while 
the sea shelf waters showed relatively higher values (33 psu). The surface water temperature was decreased from 
south (7 °C) to the north (− 2 °C) due to the influence of river flow in the south and the descent of seasonal ice 
in the  north48. The seasonal variation of the physical–chemical parameters, such as the low concentrations of 
nitrates (0–0.5 µM) and low oxygen saturation (54–96%) corresponded to the end of the autumn/beginning of 
the winter  season48.

Water samples and characteristics. Data on temperature and salinity were measured directly with a 
CTD-profiler SBE19 plus (SeaBird Electronics, USA). Samplings for hydrochemical data (pH, total alkalinity 
At) were collected in plastic 0.5-L bottles without preservation with a carousel of 12 five-liter plastic bathometers 
(General Oceanics, USA). Before analysis of total alkalinity, the samples were pre-filtered through 0.45-µm Mil-
lipore  filters57. The pH value (NBS scale) was determined using the potentiometric method (Dickson, Goyet, 
1994) on the pH-meter “HANNA HI 2210”, and for calibration, we used the appropriate HANNA buffer solu-
tions. Analysis of total alkalinity was conducted by direct titration (the Bruyevich method) on an “easyTitrino” 
titration unit (Italy) with a visual determination of the titration end-point58, which is comparable with other 
methods of total alkalinity  determination59,60. Aragonite saturation (ΩAr) was calculated using temperature, 
salinity, total alkalinity and pH data with “Program Developed for  CO2 System Calculations”61. We used the 
At/salinity (At/S) ratio as a reliable marker of continental run-off influence on the water structure of the ESS. 

http://www.goldensoftware.com
http://www.goldensoftware.com
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An At/s value of greater than 0.07 units shows the presence of riverine water, while less than 0.07 units is plain 
seawater. Data on the discharge of the Kolyma and Indigirka Rivers in the entire year of 2017 was obtained from 
the Arctic Great Rivers Observatory project web-site62.

Sampling and treatment of meiofauna samples. Meiobenthic samples were collected at the East 
Siberian Sea in September 2017 from aboard the R/V “Akademik Mstislav Keldysh” during the AMK 69 cruise 
using a Neimistö  corer63. Samples were collected along the 150° E and 160° E latitudinal transects at water 
depths from 13 to 59 m from the deltas of the Indigirka and Kolyma Rivers to adjacent parts of the East Siberian 
Sea shelf (Table 5). The shallowest stations were located near the river deltas while the deepest one was at the 
shelf. Twelve sediment samples were picked up to study the nematode community, and seven additional stations 
(5599, 5601, 5603, 5614, 5616, 5618, 5620) were collected for analyzing only hydrochemical characteristics. 
Concurrent with the sampling, environmental parameters such as the depth, surface and bottom salinity, bottom 
water temperature in the water column, nutrient (phosphates, silicates, nitrogen, oxygen) concentrations, grain 
size and  Corg were measured from the same Neimistö corer sediment  sample48.

At the meiobenthic stations, we also took into account the % of silt fraction (particle size < 0.05 mm) and % 
of total organic carbon in the upper 5 cm of the sediment. Sediment samples for particle size determination and 
organic matter content were collected at the same stations as the meiofaunal samples. Grain-sizes of the upper 
5 cm layer of sediments were measured by ANALYSETTE 22 MicroTec Plus laser diffraction (Ecological and 
geochemical center of the Geographical Faculty of Lomonosov Moscow State University). The silt–clay content 
(volume percent of particles < 63 μm) was calculated for particle size  distribution64. Organic carbon was meas-
ured by dichromate oxidation (Ecological and Geochemical Center of the Geographical Faculty of Lomonosov 
Moscow State University).

Four cores per station from two separate sampler deployments were subsampled for meiobenthos using a 
20 ml disposable syringe with a cut-off front end (inner diameter 2 cm). The subsamples were analyzed down 
to a depth of 5 cm. Subsamples for meiobenthos were fixed in a 4% formaldehyde filtered saltwater solution. 
In the laboratory, all meiobenthos subsamples were stained with Rose Bengal and washed through a sieve with 
a 40 μm mesh. The meiobenthos were extracted by centrifugation in  Ludox64. All organisms retained on the 
40 μm sieve were counted and sorted into major taxa. Per subsample, 100 nematodes (or all nematodes when 
the density < 100 individuals) were picked out at random and mounted on glycerin slides for identification to 
the genus level. The four feeding groups, distinguishing selective (1A) and non-selective (1B) deposit feeders, 
epistrate feeders (2A) and predators/omnivores (2B), based on buccal morphology, were used to investigate the 
trophic structure of the nematode  assemblages65.

Figure 8.  Location of East Siberian Sea (a) and map with station positions in the East Siberian Sea (b). Map 
was created with Golden Software Surfer version 8. Black circles indicate stations in Indigirka river, grey circles 
in Kolyma river. Blue triangles indicate additional hydrochemical stations without meiobenthic sampling. Ice 
extend during AMK 69 shown by grey dotted line.
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Statistical analysis. We used the PAST  software66 to describe differences in the spatial distribution of the 
nematode community between cores at each station and between the different stations. Similarities in nema-
todes composition (data for the uppermost 5 cm of sediments from all stations) were analyzed using cluster 
analysis. Correlation-based Principal Component Analysis (PCA) was used to reveal trends in environmental 
variables along the transect. Canonical correspondence analysis (CCA) was used to showing abundance distri-
bution of meiobenthic taxa in relation to environmental  variables66. Simper (Similarity Percentage) was used 
for assessing which genera were primarily responsible for an observed difference between groups of samples. 
The overall significance of the difference was assessed by analysis of similarities (ANOSIM). In the output table, 
nematode genera were sorted in descending order of their contribution to the group  difference66. The number of 
genera (S), total number of individuals (n), dominance = 1 − Simpson index, Shannon index, and Pielou index 
were used as measures of genus diversity. Dominance is given on a range from 0 (all taxa are equally present) 
to 1 (one taxon dominates the community completely): D = ∑ (ni/n)2, where ni is the number of individuals of 
taxon i. The Shannon index takes into account the number of individuals as well as the number of taxa and it 
varies from 0 for communities with only a single taxon to high values for communities with many taxa, each 
with few individuals: H =  − ∑  (ni/n) × ln  (ni/n). The Pielou index measures the evenness with which individuals 
are divided among the taxa  present67.
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