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Igor Semiletov a,d,j 

a V.I. Il’ichev Pacific Oceanological Institute (POI), Russian Academy of Sciences, Far Eastern Branch, Vladivostok, Russia 
b Department of Chemistry, Moscow State University, Moscow, Russia 
c International Arctic Research Center (IARC), University of Alaska Fairbanks, Fairbanks, USA 
d Tomsk State University, Tomsk, Russia 
e Tomsk Polytechnic University, Tomsk, Russia 
f Vrije Universiteit Amsterdam, Department of Earth Sciences, Faculty of Science, The Netherlands 
g Institute of Polar Sciences (ISP-CNR), Bologna, Italy 
h Lamont-Doherty Earth Observatory, Columbia University, NY, USA 
i Department of Environmental Science and the Bolin Centre for Climate Research, Stockholm University, Sweden 
j Institute of Ecology, Higher School of Economics (HSE), Moscow, Russia   

A R T I C L E  I N F O   

Keywords: 
Arctic 
East Siberian Sea 
Suspended particulate matter transport 
Organic matter 
Spatial and interannual variability 

A B S T R A C T   

The East Siberian Sea (ESS) is the largest, shallowest and most icebound Arctic marginal sea. It receives sub-
stantial input of terrigenous material and climate-vulnerable old organic carbon from both coastal erosion and 
rivers draining the extensive permafrost-covered watersheds. This study focuses on the interannual variability 
and spatial distribution of suspended particulate matter (SPM) in the surface and bottom waters of the ESS during 
the ice-free period in 2000, 2003, 2004, 2005 and 2008. We report on the composition and variability of par-
ticulate organic carbon (POC), total nitrogen (TN), POC/TN ratios, carbon and nitrogen isotopes (δ13C, δ15N) and 
provide estimates of the contribution of terrestrial organic carbon (terrOC) based on the δ13C isotopic values. 

The results show that interannual SPM distribution and elemental-isotopic characteristics of POC differ 
significantly between the western biogeochemical province (WBP; West of 165oE) and the eastern biogeo-
chemical province (EBP; East of 165oE) of the ESS. The SPM mean concentration in the WBP is almost an order of 
magnitude higher than in the EBP. From west-to-east of the ESS, SPM tends to become more depleted in δ15N, 
while the δ13C becomes isotopically heavier. This trend can be explained by a shift in organic matter sources from 
terrigenous origin (erosion of the coastal ice complex and riverine POC) to becoming dominantly from marine 
plankton. 

The maximum contribution of terrOC to POC reached 99% in parts of the WBP, but accounts for as low as 1% 
in parts of the EBP. At the same time, the type of atmospheric circulation and its associated regime of both water 
circulation and ice transport control a displacement of the semi-stable biogeochemical border between WBP and 
EBP to the east or to the west if compared to its long-term average position near 165oE. Our multi-year inves-
tigation provides a robust observational basis for better understanding of the transport and fate of terrigenous 
material upon entering the ESS shelf waters. Our results also provide deeper insights into the interaction in the 
land-shelf sea system of the largest shelf sea system of the World Ocean, the East Siberian Arctic Shelf system.   
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1. Introduction 

The Arctic Region is warming at a much higher rate than other parts 
of the planet affecting the global and regional carbon cycles. Global 
climatic changes are expected to induce remobilization of vulnerable 
“old” carbon currently freeze-locked in the permafrost deposits. As 
permafrost soils store substantial amounts of carbon (~1300 Pg; 
Hugelius et al., 2014), the scale of this remobilization and its potential 
effect on Arctic marine ecosystems and global climate are still a matter 
of ongoing debate (e.g., Minsley et al., 2012; Vonk and Gustafsson, 
2013; Schuur et al., 2015; Biskaborn et al., 2019; Turetsky et al., 2020). 
It is therefore important to better constrain the mechanisms and path-
ways of permafrost carbon transport and transformation in the Arctic 
Ocean. 

The East Siberian Arctic Shelf (ESAS), which includes the Laptev Sea, 
the East Siberian Sea (ESS), and the Russian part of the Chukchi Sea, is 
the world’s largest continental shelf. Great Russian Arctic Rivers supply 
a vast amount of terrestrial organic carbon (terrOC) into the shelf waters 
(Guo et al., 2004; Stein and Macdonald, 2004; van Dongen et al., 2008; 
Gustafsson et al., 2011; Tesi et al., 2014; Wild et al., 2019). In addition, 
an important part of the terrOC delivered to the ESAS is transported in 
particulate form (particulate organic carbon, POC) associated with 
suspended particulate matter (SPM). The SPM is derived from several 
sources, including importantly from the continuous erosion of the 
coastlines but also from catchments and from marine plankton (e.g, 
Vonk et al., 2012). 

The ESS is ice-covered on average 10 months per year and despite its 
size remains one of the least explored high-latitude seas. Distribution 
and transformation of the SPM as well as associated POC in the ESS 
occur in a vast mixing zone of fresh and salt waters in a short ice-free 
period. Due to limited access to the ESS for field studies, there is still 
lack of understanding how terrOC behaves upon entering the ESS wa-
ters. Most studies performed in the ESS have focused on sedimentary 
organic carbon (OC) sources and degradation status (e.g., Bröder et al., 
2016; Feng et al., 2013, 2015a,b, Martens et al., 2020, 2021; Salvadó 
et al., 2015; Semiletov et al., 2005; Tesi et al., 2014, 2016, Vonk et al., 
2010, 2012, 2014), while studies on the POC sources and transport 
pathways have presented temporally and spatially limited results. First 
data about sources and fate of terrestrial POC in the Arctic Seas appeared 
in the first decade of our century (Stein and Macdonald, 2004; Semiletov 
et al., 2005; Guo et al., 2007). Later important insights into the sources 
and transformation of terrestrial POC while being transported across the 
ESAS were gained with complex molecular- and isotopic-based studies 
(e.g., Charkin et al., 2011; Doğrul Selver et al., 2015; Karlsson et al., 
2016; McClelland et al., 2016; Salvadó et al., 2016; Sánchez-García 
et al., 2011; Vonk et al., 2010; Karlsson et al., 2011). At the same time, 
interannual variability of SPM and POC characteristics has remained 
insufficiently investigated, even for the ice-free periods. 

In this study we present the results of a multi-year interdisciplinary 
study based on a series of unique field observations in the ESS land-shelf 
system in 2000, 2003, 2004, 2005 and 2008, performed by an interna-
tional team of researchers. Here we aim to identify trends of spatial and 
interannual variability of SPM and its POC in the poorly explored ESS by 
presenting the first detailed overview of the distribution, transport and 
biogeochemistry of the SPM across the ESS. These data provide a robust 
observational basis towards a better understanding of SPM and associ-
ated terrestrial POC behaviour in the Pan-Arctic land-shelf system under 
ongoing climate change. 

2. Study area 

The ESS is one of the broadest and shallowest shelf seas in the World 
Ocean, extending over 1200 km from the adjacent Laptev Sea in the west 
to the Chukchi Sea in the east. The ESS covers an area of ~ 890 000 km2 

with a mean depth of 58 m. Given its large extent and shallow depths, 
the volume of sea water is only 61 000 km3, which is 6 times lower if 

compared to the Laptev Sea. The ESS is one of the coldest high-latitude 
seas (Geoecology of shelf and coasts of Russian Seas, 2001; Navigation 
Book of the East-Siberian Sea, 1998). The area covered by this study is 
almost the entire shallow ESS, from the coastline to the shelf edge and 
the upper slope of the Arctic Basin (Fig. 1). 

The hydrological water balance of the ESS is dominated by melt 
water (77 %) and only 17 % comes from river runoff. The average 
annual freshwater input is estimated at 1240 km3 with its interannual 
variability about 24 % (Nikiforov and Shpayher, 1980). The large 
freshwater supply results in a decrease in the ESS surface water salinity 
by 10–15 ‰. For comparison, the waters of the Central Arctic Basin 
north of the ESS have about ~ 32–34 ‰ (Anderson et al., 2013). This 
indicates that the greatest part of the ESS is a mixing area (at least in the 
ice-free period), where the boundary for the ambient Arctic Seas is a 
characteristic isohaline of 25 ‰ (Nikiforov and Shpayher, 1980; Osad-
chiev et al., 2021). 

The total terrigenous sediment export from the ESS drainage basin 
accounts for ~ 122 Mt/yr. The main sources of sediments supply are (i) 
coastal erosion of the Late Pleistocene Ice Complex Deposits (ICD) (67.6 
Mt/yr, 55.4 %), (ii) SPM exported from both Indigirka and Kolyma, the 
largest rivers discharging into the ESS (21.9 Mt/yr, 18 %), and (iii) 
coastal erosion of other coastal types (non-ICD) (20.0 Mt/yr, 16.4 %). 
Sea ice transport (ice cryosol) and aeolian transport, accounting 
together for 10.2 % of the total sediment export, translocate 12.1 Mt/yr 
and 0.4 Mt/yr, respectively. 

Within the ESS, the total OC content present as SPM is estimated to 
be 16.4 Mt, of which most is produced locally as primary production 
from phytoplankton (7.0 Mt C/yr, 42.3 %) followed by cryophilic 
phytoplankton production (4.7 Mt C/yr, 28.3 %). Additionally, ESS SPM 
is estimated to hold terrigenous OC from ICD erosion (“old” remobilized 
carbon; 2.4 Mt C/yr, 14.5 %), river SPM (biomass of freshwater 
plankton, remnants of terrestrial vegetation and OC sorbed by high- 
molecular colloids and iron hydroxides on clay particles; 1.9 Mt C/yr, 
11.2 %). A minor fraction is thought to consist of ice cryosol and aeolian 
transport, together contributing about 0.4 Mt C/yr (2.6 %) (Rachold 
et al., 2003; Gordeev et al., 1996; Gordeev and Rachold, 2004; Grigor-
yev et al., 2004; Vetrov and Romankevich, 2004; Shevchenko and 
Lisitzin, 2004; Dudarev et al., 2016). 

The ESS is characterized by an extremely large gradient of hydro-
logical and biogeochemical parameters extending from Long Strait in 
the east (south of Wrangel Island) to the Dmitry Laptev Strait in the west 
(south of the New Siberian Islands). The ESS is also divided into two 
different biogeophysical regimes with sharp geographical contrasts in 
hydrological and biogeochemical properties where the pacific water to 
the east meets in a frontal zone the local river-influenced shelf waters 
from the west (Nikiforov and Shpaikher, 1980; Semiletov et al., 2000, 
2005). A major plume of riverine freshwater usually transits the ESS 
eastward along the coastal zone termed the Siberian Coastal Current 
(SCC). Based on the hydrological and hydrochemical data, one can 
identify-two provinces: the western biogeochemical province (WBP) is 
strongly influenced by the Lena River transporting both heat and 
freshwater flux, and by the SPM transport induced by coastal erosion, 
while the eastern biogeochemical province (EBP) is characterized by 
pacific-derived waters. From year to year, the longitude shift of the 
frontal zone, bounded by isohaline 25 ‰, between WBP and EBP may 
reach 10◦ and more (Semiletov et al., 2005; Pipko et al., 2011). Tem-
perature, salinity and hydrochemical data show that winds mixed the 
water column from the top to the bottom in the WBP (roughly between 
140◦ E and 160◦ E). The WBP is characterized by low primary produc-
tivity and high concentration of terrigenous SPM containing large 
fraction of old terrOC released by coastal erosion. Degradation of the 
remobilized terrOC causes a decrease in both pH values and dissolved 
oxygen concentrations (Semiletov et al., 2016), while the partial pres-
sure of carbon dioxide and its acidification impact are increased 
(Anderson et al., 2011; Pipko et al., 2011; Semiletov et al., 2016). If 
compared to WBP, contribution of SPM and associated POC in the EBP is 
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much lower; the saltier and colder EBP located eastwards of ~ 160◦- 
170◦ E is mainly affected by nutrient-rich pacific waters creating 
favourable conditions for high summer primary production. General 
characteristics of the ESS and its catchment basins are given in the 
Supplementary Text S1. 

Global warming resulting in shifting atmospheric moisture patterns 
along with arctic permafrost degradation may accelerate river discharge 
(Savelieva et al., 2000) and carbon remobilization from soils. The role of 
the ESS in transport and fate of freshwater and terrOC has not been 
sufficiently discussed. 

3. Materials and methods 

3.1. Sampling 

The observational part of this study is based on measurements per-
formed at 312 oceanographic stations varying between 2.5 m and 100 m 
depth and covering an area from the upper part of the underwater 
coastal slope to the shelf edge (Fig. 1). CTD sounding and sampling was 
done onboard the hydrographic vessels “Nikolay Kolomeytsev”, “Ivan 
Kireev”, “Yakov Smirnitskiy” and the special vessel “Auga” in the ice- 
free period of 2000, 2003, 2004, 2005 and 2008 (Table 1). 

Studies were carried out during the eastern (ET regime) anticyclonic 
type (2000, 2005, 2008) and western (WT regime) cyclonic type (2003, 
2004) resulting in specific water circulation patterns. The ET is char-
acterized by a prevalence of air mass transport from the east to the west 
and advection to the EBP of the pacific waters and thus weakening of the 
Siberian Coastal Current (SCC). In contrast, WT is characterized by a 
prevalence of air masses transferring from the west to the east, which 
diminishes the water flux from the Chukchi Sea to the EBP and increases 
the SCC (Proshutinsky and Johnson, 1997; Savelieva et al., 2000; Sem-
iletov et al., 2000; Proshutinsky et al., 2012). Table 2 shows an increase 
in the input of East Siberian Rivers by 2008, as well as a decrease in the 
ice-covered area in the Arctic Basin. Such trends are expected to affect 
the interannual variability of the SPM characteristics, and this is further 
confirmed by the extensive field observational data of the present study 
(see below). 

3.2. Analytical methods 

Surface (upper 0.5 m) and near bottom (1 m from bottom) water was 
filtered using a PVC filter holder from ThermoScientific. Samples were 
taken with a 25 L Niskin bottle. For determination of the SPM weight 
content using the «Advantec» filters 0.45 µm (an analytical balance 
“Adventurer Ohaus”, measurement accuracy is 0.0001 g). 

SPM also collected by pumping water through a glass fiber filter (GF/ 
F) 0.7 µm. Filters is pre-combusted (6 h, 450 ◦C) and were after filtration 
immediately transferred to pre-combusted aluminium envelopes, frozen 
and kept at − 18 ◦C until analysis. 

Fig. 1. The ESS (borders are marked by yellow 
shading) sampling stations (red dots) at September 
2000, 2003, 2004, 2005 and 2008. Number in cir-
cles identify geographical areas mentioned in the 
text: 1 – Kotelny Island (New Siberian Islands), 2 - 
Blagoveszhensky Strait, 3 - Novaya Sibir Island 
(New Siberian Islands), 4 - Sannikov Strait, 5 - Maliy 
Lyakhovsky Island and 6 - Bolshoy Lyakhovsky Is-
land (Lyakhovsky Islands)., 7 - Dmitry Laptev Strait, 
8 - Indigirka Gulf, 9 – Chukochy Cape, 10 - Kolyma 
Gulf, 11 - Ayon Island, 12 – Chaun Gulf, 13 - 
Wrangel Island, 14 - Long Strait, 15 - Chukchi 
Peninsula, 16 - Herald Canyon.   

Table 1 
A list of expeditions reaching the East Siberian Sea (ESS), CTD measurement 
types and sensors.  

Research vessels Dates in the 
ESS 

CTD type Sensors  

“Nikolay 
Kolomeytsev”  

2000, 
September 
06–12 

Memory STD 
(ALEC 
Electronics) 

pressure, temperature, 
conductivity  

“Ivan Kireev”  2003, 
September 
13–21  

SeaBird Seacat 
19+

pressure, temperature, 
conductivity  

“Ivan Kireev”  2004, 
September 
01–14  

SeaBird Seacat 
19+

pressure, temperature, 
conductivity  

“Auga”  2005, 
September 
14–23  

SeaBird Seacat 
19+

pressure, temperature, 
conductivity  

“Yakov 
Smirnitskyi”   

2008, 
September 
01–15  

Seabird SBE 9 
pressure, temperature, 
conductivity, turbidity 
(Wetlabs)  

Table 2 
Interannual river runoff and hydrometeorological conditions during 2000, 2003, 
2004, 2005 and 2008.  

River runoff (km3/yr) 
and 
hydrometeorological 
regime  

2000  2003  2004  2005  2008 
Average 
for 
1936–2000 

Lena Rivera 616 443 558 596 705 535 
Yana Rivera 27 32 32 46 50 32 
Kolyma Rivera 89.5 85.4 120 86.2 113.7 102.6* 
Indigirka Rivera no 

data 
no 
data 

no 
data 

no 
data 

no 
data 

50.1 

Type of atmospheric 
macroprocesses 
and hydrological 
regime  

ET  WT  WT  ET  ET  – 

Ice-free sea area, % b 35 60 45 70 90 –  

a https://rims.unh.edu; 
b https://www.aari.ru 
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The POC and its δ13C, TN and δ15N contents were measured either at 
the International Arctic Centre (Alaska State University, Fairbanks, 
USA) or at Stockholm University (Department of Environmental Sci-
ence) with a Carlo Erba NC2500 elemental analyzer, connected via a 

splite interface to a mass-spectrometer Finnigan MAT Delta Plus. The 
accuracy and reproducibility of the results of the determination of δ13C 
and δ15N was ± 0.1 ‰ and ± 0.2 ‰, respectively (Guo et al., 2004; Guo 
and Santschi, 1996; Gustafsson et al., 1997, 2001, Sánchez-García et al., 

Fig. 2. SPM content during 2000, 2003, 2004, 2005 and 2008. SPM (mg/L): a - < 2, b − 2–13, c – 13–24, d - > 24.  
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2011, 2014, Vonk et al., 2010, 2012; Karlsson et al., 2011, 2015, 2016). 

4. Results and discussion 

4.1. Interannual variability of the SPM content 

September 2000. The ESS was influenced by the ET regime. The Lena 
River water discharge exceeded the annual average by 15 %, slightly 
affecting the freshening of the water. With predominantly northern and 
northeastern wind direction, the edge of the drifting sea ice was close to 
the Siberian coast; the same situation was observed for the the subse-
quent years (Table 2; see Suppplementary Figures, Fig. S1). Sea ice 
extent in 2000 reached its maximum for the period 2000–2008. The 
nearshore position of the cold front, together with wind and convective 
mixing, led to a cooling of the ice-free ESS. Temperature (T) values 
varied between 1.4 and 4.7 ◦C for the WBP surface waters and between 
~ 0.7–3.6 ◦C for the WBP bottom waters, while in the EBP those vari-
ations were between − 0.9 and 1.4 ◦C near the surface and between ~ 
-1.8–0.8 ◦C at the bottom. The pacific water inflow led to a westward 
shift of the 0◦ isoterm (Fig. 2S). Salinity (S) in the WBP varied between 
10.4 and 22.3 ‰ in the surface waters and 19.0–25.6 ‰ in the bottom 
waters, and in the EBP waters it ranged from 27.5 to 31.7 ‰ near the 
surface and from 31.4 to 33.3 ‰ at the bottom. The influence of the 
pacific waters resulted in a westward shift of the isohaline 25 ‰ if 
compared to its average longterm position (Fig. S3). In the WBP, waves 
increased up to 3 m during the study period, which was followed by a 
weakening of the wind forcing. By contrast, waves were not higher than 
1.5 m in the EBP. Hence, wave mixing affected the entire water column 
in the WBP, while the water column was only moderately stratified in 
the EBP. 

SPM content in the WBP varied from 4.7 to 79.7 mg/L (mean and 
median absolute deviation are shown in Table 2) in the surface waters 
and from 10.6 to 106.4 mg/L near the bottom. This shows that there was 
no strong water mixing throughout the entire water column, as we 
observed differences in the SPM concentrations between the surface and 
bottom waters (Fig. 2). Water of the Indigirka River did not affect the TS- 
characteristics in the Indigirka Gulf. This might be explained by reduced 
water discharge in 2000, the same as for the Kolyma River. SPM content 
in the Indigirka Gulf varied between 39 and 48 mg/L. Off the Indigirka 
Delta, these elevated SPM concentrations stem from storm-induced 
resuspension zones that are largely sourcing SPM from ICD erosion. 

During the summer season, erosion of ICD accelerates in the lower 
course of the river. The annual coastal retreat ranges from 7 to 28 m/y 
(cf. Aibulatov, 2001). Therefore, the SPM content in delta waters can 
reach up to 1000 mg/L , which is comparable to the SPM concentrations 
in the estuaries of Asian megarivers, such as Yangtze, Huang-He and 
Mekong (Anikiev et al., 2004; Sternberg et al., 1985; Cao et al., 1986; 
Zhang and Huang, 1990; DeMaster et al., 2017). 

In 2000, the water discharge of the Kolyma River, the largest 
catchment of the ESS, was below the average. In the Kolyma Gulf surface 
waters (S < 20 ‰), the SPM content varied between 16 and 47 mg/L 
with a maximum value observed close to Chukochy Cape, which is 
known to have the highest rate of coastal erosion (Grigoryev et al., 
2004). The river water plume was pressed towards the deeper basin and 
could be tracked in the Kolyma River Paleovalley (see position of 
Kolyma Paleovalley at Fig. 3b, transect XI). There seemed to be a hy-
drological frontal zone in the outer part of the Kolyma Gulf, likely 
caused by the interaction of the SCC and advection of the pacific waters. 
This section of the Kolyma Gulf is confined by the boundary between the 
WBP and the EBP. The water column of the eastern Kolyma Gulf is 
characterized by lower T (±1 ◦C) and S (>25 ‰). SPM concentrations 
ranged between 1.2 and 3.6 mg/L in the surface waters and between −
2.4–7.9 mg/L near the bottom. The location of the isotherm 0 ◦C near the 
shore was not observed at this time or subsequent years due to a vast 
field of drifting pack ice. Near Ayon Island the pack ice approached the 
shore by 25–40 km. The ice field served as a mechanical obstacle for the 
SPM transport acting as a natural sedimentation barrier. The SPM con-
tent reduced to one fourth on average (Table 3; Figs. 2, S2, S3). SPM was 
also taken up by freezing water and incorporated into freshly formed ice, 
which occured along the edges of the perennial ice masses. At the same 
time, migration of SPM was observed beneath the ice cover. This appears 
in polynyas when fresh and warmer runoff waters (with a higher SPM 
content) enter cold salty shelf waters (with a lower SPM content) (cf. 
Aibulatov, 2001). 

September 2003. The ESS region was this year dominated by the WT 
regime. There was a low-pressure gradient producing weak southerly 
winds and almost no wind on the sea surface with a residual swell of only 
1 m. Since the beginning of the 21st century, the ice-free area of the ESS 
has increased annually. It occupied only 20 % in 1999 increasing up to 
35 % in 2000 and reaching 60 % in 2003 with the ice edge located far 
north. Water discharge of the Lena and Kolyma Rivers was also below 
average level. The Kolyma River discharge in 2003 was similar to 2005, 

Fig. 3. Vertical sections of the SPM (mg/L) (a). Positions of transects IV (orange), VI (yellow) and II (green) for 2003, 2004 and 2005, respectively (b).  
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but lower than the long-term average by 17.2 km3 annually (17 %). The 
Yana River discharge was estimated as 32 km3 which is equal to its 
annual average. Even with a low water discharge, the river plumes with 
S > 15 ‰ moved north beyond the Kolyma and Indigirka Gulfs. This 
translocation was promoted by winds. The position of the 25 ‰ isoha-
line in the surface waters, which is considered as a boundary of the 
mixing waters in the Arctic Seas, shifted almost 400 km to the east (to 
the Long Strait) compared to 2000. This might indicate an intensifica-
tion of the SCC in 2003. Accelerating western transfer also caused 
increasing temperature of the surface waters. Meanwhile, the 
0◦ isotherm of the bottom waters shifted significantly to the west. 

The SPM content in September 2003 varied between 0.6 and 17.7 
mg/L in the surface waters and 1.7 and 29.0 mg/L at the near bottom in 
the WBP. Calm and stable weather conditions led to much lower average 
SPM concentrations (five times lower in the WBP and two times lower in 
the EBP), if compared to 2000. The highest SPM values were observed 
near the Chukochy Cape, the Kolyma Gulf (Fig. 1). The SPM concen-
trations in the deltas of the large ESS rivers did not exceed 10 mg/L. This 
might point to a weakening of the ICD contribution to the Indigirka 
River waters. The main factor that limited the Kolyma River plume 
spreading out through the delta in 2003 seemed to be an intensification 
of the SCC, which pushed the river discharge along the coastline. Across 
the greatest part of the ESS, SPM concentrations in the bottom waters 
were twice those of the surface waters. This distinct vertical distribution 
of SPM might occur as a result of stratification, which led to accumu-
lation of SPM in the bottom layers due to sedimentation processes 
(Table 3; Figs. 2, 3, S2, S3). 

September 2004. Weak southern and southwestern winds were 
dominated over the WBP (WT regime) resulting in low wave action and 
more pronounced SCC comparing to 2003. In the EBP, the waves were 
slightly higher. The ice edge approached the coastline up to the 30 m 
isobath. Water with S < 20 ‰ reached the meridian of the Chaun Gulf 
for the first and only time during the observations. The freshening was 
also amplified by the increased river discharge in 2004. The discharge of 
the Kolyma River exceeded the long-term average by 17.4 km3 (17 %), 
but was lower than 2003 by 34.6 km3 (35 %). Off-shore winds distrib-
uted the relatively warm and fresh water towards the north. In delta 
front waters, the S decreased to 8–9 ‰ and the temperature exceeded 
5 ◦C. The surface geostrophic currents indicate water transfer from the 
east to the west. 

Two peaks of SPM content were detected in the ESS (Figs. 2, 3). They 
were formed from a single source – the erosion of ICD located along the 
WBP coasts. SPM concentrations varied from 0.6 to 29.0 mg/L and from 

3.6 to 74.1 mg/L in the surface and bottom waters of the WBP, respec-
tively. The weighted-average SPM content as well as its spatial and 
vertical distribution appeared similar to those in 2003. Offshore winds 
pushed the Indigirka River plume north beyond the gulf into the ESS. 
Sedimentation processes at the delta front slowed down presumably 
resulting in the relatively high SPM estimated at 28 mg/L (three times as 
high as in 2003). Outside the hydrological front (60–70 km from the 
delta front), the SPM content is reduced by half. SPM varied between 
10.1 and 21.4 mg/L in the surface waters nearby the eroding permafrost 
coasts of the New Siberian Islands. The doubling of SPM concentrations 
in the bottom layer (15.6–33.6 mg/L) probably reflects active sediment 
resuspension caused by wind and tidal-induced wave action. 

At 20–30 km away from the Kolyma Delta the content did not exceed 
10 mg/L. Increase to 30–74 mg/L was forced away from the shallow of 
the Chukochy Cape. The maximum changes in SPM content occured 
with S values < 15 ‰. This indicates that removal of particles was 
controlled not only by intensive sinking, but also by biogeochemical 
transformation of OM (this is discussed further below). In the EBP, SPM 
concentrations ranged from 0.2 to 1.8 mg/L in the surface waters and 
between 0.9 and 6.2 mg/L in the bottom waters. Increase of SPM content 
up to 6.2 mg/L near the bottom might be explained by gravitational 
processes acting on the slopes of the Kolyma Paleovalley. Furthermore, 
the high content was found in a density layer of cold bottom waters. The 
SCC water flow was only traceable by TS-characteristics (T = 2–3 ◦C, S 
= 22–23 ‰) (Table 3; Figs. 2, 3, S2-S5). 

September 2005. Field studies were carried out in the WBP only. The 
region was dominated by an ET regime, with about 70 % of the ice-free 
area by early September. Moderate eastern winds led to wave heights of 
1.5–2.5 m (swell prevailed) causing mixing of the water masses and 
limited vertical variability of the SPM content in the water column. The 
Lena River discharge was estimated as 596 km3 in 2005, which is 11 % 
higher than the annual average. The increase in discharge in 2004 
compared to 2003 was 115 km3 and another 38 km3 in 2005 (this is 19 % 
higher than the annual average flow of the Yana River and less than of 
the Indigirka River by 35 %) (Table 2). River discharge constantly 
increasing over three years affected also the distribution of TS- 
parameters in the ESS, i.e. the area of warmer and fresher water 
expanded significantly to the north. The temperature distribution in the 
WBP in 2005 was the same as in 2000. In the shallow and mixed waters, 
T values did not exceed 3.8 ◦C and S fluctuations fell within the range of 
12.8–23.3 ‰. The SPM content varied between 1.7 and 242.0 mg/L in 
the surface waters and between 2.4 and 289.0 mg/L in the near bottom 
waters. These increased SPM values resulted from both accelerated 

Table 3 
SPM data during 2000, 2003, 2004, 2005 and 2008.  

Year SPM WBP EBP Total 

surface bottom surface bottom surface bottom  

2000  
n = 20 n = 17 n = 37 

min–max 4.7–79.7 10.6–106.4 1.2–3.6 2.4–7.9 1.2–79.7 2.4–106.4 
mean ± s.d. 27.7 ± 22.3 30.1 ± 24.4 2.6 ± 1.4 4.6 ± 1.8 5.5 ± 1.8 17.4 ± 21.8  

2003  
n = 21 n = 23 n = 44 

min–max 0.57–17.7 1.7–29.0 0.1–2.4 1.2–4.1 0.1–17.7 1.2–29.0 
mean ± s.d. 5.1 ± 4.5 7.8 ± 6.5 0.8 ± 0.9 2.4 ± 1.0 4.1 ± 3.7 6.7 ± 5.6  

2004  
n = 53 n = 32 n = 85 

min–max 0.6–29.0 3.6–74.1 0.2–1.8 0.9–6.2 0.2–29.0 0.9–74.1 
mean ± s.d. 8.7 ± 7.3 15.5 ± 14.7 0.9 ± 0.3 2.4 ± 1.3 4.5 ± 6.3 9.1 ± 12.6  

2005  
n = 52   

min–max 1.7–242.0 2.4–289.0 – – – – 
mean ± s.d. 28.2 ± 50.4 32.2 ± 47.4 – – – –   

2008  

n = 27 n = 33 n = 60 
min–max 0.1–6.5 0.4–5.6 0.1–6.0 0.1–4.0 0.1–6.5 0.1–5.6 
mean ± s.d. 2.8 ± 2.5 1.5 ± 2.0 1.7 ± 2.9 2.3 ± 1.3 2.3 ± 2.7 1.9 ± 1.6 
Depth > 50 m (n = 1–2) 
min–max 0.1–0.2 0.3 0.3 0.2–2.8 0.1–0.3 0.2–2.8 

SPM – suspended particulate matter (mg/L); T – water temperature (oC); S - water salinity (‰); n – number of samples; mean – median content; s.d. – median absolute 
deviation; WBP - Western biogeochemical province; EBP - Eastern biogeochemical province. 
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coastal erosion and more active resuspension of bottom sediments. This 
SPM distribution was associated with the WBP bottom relief. A series of 
relict swells were traced parallel to the coastline (cf. Aibulatov, 2001). 
The areas of increased SPM content are associated with the sediment 
resuspension from the edge of the swells, and a low content is traced 
over the inter-swell troughs. The SPM content also decreased with 
increasing distance from the shore, i.e. away from the epicenter of wave- 
induced turbidity and coastal ICD. The SPM content in the nearshore 
mixed water (S < 13 ‰) was up to 145–169 mg/L, whereas the more 
saline shelf waters (S ~ 20 ‰) beyond the SCC are characterized by 
lower SPM content varying between 5.2 and 6.7 mg/L. Horizontal SPM 
gradients ranged from 2.1 to 6.0 mg/L /km. The shallow regions 
(southeast of the New Siberian Islands) are characterized by strong 
resuspension induced by tidal energy (Dudarev et al., 2006a,b, 2008, 
2015). The current velocity in this area can exceed 100 cm/s (Naviga-
tion book, 1998). In 2005, we observed SPM maxima of 42 to 289 mg/ 
Land horizontal SPM gradients of 3.8 to 6.5 mg/L/km. Within this high 
tidal energy area, which is also characterized by a strong vertical 
stratification, the SPM content was > 30 times than outside this area. 
Continuous storm surges caused wave agitation at the depths of 20–25 
m, which affected the entire water column and caused high turbidities 
and bottom resuspension (Table 3; Figs. 2, 3, S2, S3, S6-S8). 

September 2008. We were able to carry out sampling across the entire 
ESS shelf and adjacent slope. The region was affected by an ET regime. 
The ice boundaries were located north of 80◦N at some parts of the ESS 
(Ivanov et al., 2013; https: https://www.aari.nw.ru) (Fig. 1). River 
runoff far exceeded the average between the years 1936 to 2000 for the 
Lena River (705 km3 compared with 535 km3) and the Yana River (50 
km3 compared with 32 km3). The Kolyma River discharge was lower 
than in 2004, but exceeded the long-term average by 11.1 km3 (11 %). 
Despite higher river runoff in the Laptev Sea and a drop in S values by 7 
to 10 ‰ below the annual average, we did not observe anomalies in S 
values of the ESS. The 30 ‰ isohaline was located along the isobathic 
line 120–140 m, i.e. it was spatially confined by the continental shelf. 
The ESS water masses were largely stratified. In the more mixed delta 
front, S values reached minima of ~ 18 ‰, while T values did not exceed 
~ 6 ◦C (Figs. S2, S3). 

The SPM in the outer shelf surface waters fluctuated from 0.1 to 1.0 
mg/L. The SPM content in surface waters of the inner and middle shelf 
varied between 0.1 and 6.5 mg/L, while near the bottom it ranged from 
0.1 to 5.6 mg/L. Stable conditions also led to a limited supply of sedi-
mentary material from the nearshore zone; the maximum SPM content 
of 6.5 mg/L is recorded in the Indigirka River delta front and values of 
around 3 mg/L were found close to the coastal ICD sites in the Kolyma 
Gulf. At the outer shelf, content ranged from 0.1 to 0.3 mg/L (n = 2), in 
the surface waters and from 0.2 to 2.8 mg/L near the bottom. The 
horizontal variability of SPM content in the WBP and EBP was minimal 
and ranged between 0.1 and 6.5 mg/L. This can be attributed to low 
wave agitation heights (wave height about 1 m) and limited sediment 
resuspension. To the north of the continental slope, the SPM values were 
higher; this might be associated with phytoplankton growth. The con-
tent varied in a range of 2.1–2.8 mg/L in the surface waters and of 
2.4–4.3 mg/L near the bottom. 

In 2008 river runoff was anomalously high and the entire ESS area 
was ice free. The area of water mixing extended to the north, and the 
SPM content was generally low. Along the river paleovalleys towards the 
coast, the inflow of shelf waters with a low content of SPM (<0.5 NTU, 
turbidimeter sounding data) was traced. The prevailing northeasterly 
winds limited the lateral transport SPM, which resulted in low SPM 
content across almost the entire ESS except the river estuaries (Figs. 2, 
S9, S10). 

Summary of 2000, 2003, 2004, 2005, and 2008. The SPM distribution 
in 2000 was characterized by the following factors: (i) a strong hydro-
dynamic impact of waves on the surface silty sediments in the WBP; (ii) 
SPM transport in the EBP limited by the pack ice mass, and (iii) a specific 
sedimentation as a result of the SCC and the pacific waters interaction. 

SPM patterns observed in 2003 were characterized by a low fluvial 
runoff and wave perturbation. Low SPM levels likely reflect the weak 
hydrodynamic background. Increase of the content during this period 
was due to the mobilization of SPM by the SCC flow, which reached the 
Long Strait in 2003. Most of the fluvial SPM was deposited within the 
Indigirka and Kolyma Gulfs. In 2004, southern winds pushed the 
freshwater relatively far north and the SCC extended beyond the ESS to 
the Chukchi Sea. The SPM content was low and comparable to that 
observed in 2003. As in 2000 and 2003, maximum SPM content and 
coastal erosion rates were observed in the western Kolyma Gulf. The SCC 
waters limited the SPM transport beyond the Kolyma and Indigirka 
Gulfs, and contributed to the intensification of sedimentation along the 
coastline. The SPM content and ET hydrometeorological regime in 2005 
was similar to those in 2000. For the first time, we observed that high 
SPM content are not only limited to the nearshore shallow areas but can 
also exist further away from the coast. This offshore decreasing content 
is controlled by geomorphologic features (coastline submarine bars) and 
water circulation regime. Extremely low SPM content observed in 2008 
was probably caused by limited bottom resuspension and low export of 
coastal erosion products away from the coast. It is also evident that the 
river runoff did not play a substantial role in the SPM distribution 
beyond the biogeochemical gradient zones of the Indigirka and Kolyma 
Gulfs. 

The transport of SPM to the ESS through the western Dmitry Laptev 
and Sannikov Straits is insignificant compared to its mobilization from 
local sources (e.g. ICD) induced by storm and waves (Fig. S11). Model 
calculations suggest that high SPM contents remobilized from the sea 
bottom in the shallow waters can persist in suspended form for up to 
5–15 days, and most of this material (up to 90 %) is redeposited near the 
source (Kulakov, 2008). Thus, the SPM concentration of the SCC waters 
is controlled by weather conditions. Due to the constant removal of SPM 
from the SCC, the SPM content at the western border of the Chukchi Sea 
did not exceed the background values for coastal waters. Thus, in 
September 2003 (WT regime) the SPM content in the Long Strait was <
3 mg/L, and the SCC was characterized by T ~ 1.5◦ and S ~ 25 ‰. The 
waters above the opposite Wrangel Island slope were characterized by T 
> 0◦, S ~ 28 ‰ and SPM content < 1.5 mg/L. In September 2003 and 
2004 (WT regime), T and S values of the SCC increased even more (T ~ 
3.0◦, S = 22–23 ‰), but the SPM level did not change (Fig. 12S). Under 
favorable conditions (WT regime) of the SCC flow to the east, the SCC 
waters had low SPM content comparable to that of the adjacent seas. 
Hence, the SPM transit to the ESS via the SCC is limited. From outside 
the ESS, the SPM could enter the waters in both fine and subcolloidal 
fractions but in non-significant concentrations. It is therefore clear that 
satellite images showing yellow–brown colored clouds in the ESS coastal 
waters primarily indicate a colored dissolved OM (CDOM) enrichment, 
but not high SPM concentrations (Pugach et al., 2015, 2018; Pugach and 
Pipko, 2013; Charkin et al., 2015; Dudarev, 2016). 

In ET regime-dominated years, cold arctic air weakens the thawing of 
ICD and stabilizes the permafrost sediments. However, the ICD material 
of the previous year still remains in the coastal zone. Surge winds 
intensify coastal erosion and transport large volumes of eroded material 
into the shelf waters. With winds from the mainland (WT regime), warm 
air enhances the thawing of ICD and, thus, enhances both thermal 
denudation and solifluction, while waves in the coastal zone are weak-
ened. Such winds enforce the lateral transport of both SPM and river 
freshwater away from the shore, but it is still limited by the flow of the 
SCC. Most SPM is deposited within the narrow gradient zone between 
SCC and the runoff waters in the Indigirka and Kolyma Gulfs. A direct 
relationship was demonstrated between the wind regime and sedimen-
tation in the coastal zone of Eastern Arctic Seas (Charkin et al., 2011, 
2015; Dudarev, 2016; Sanchez-Garcia et al., 2014). Satellite imagery 
serves as a visualization of longshore transport of the SPM for years 
dominated by ET or WT hydrometeorological regimes (Fig. 4). Statistical 
analysis revealed correlations between the SPM, T and S values in the 
mixing areas of river and sea waters. While for the years 2003, 2005 and 
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2008 the correlation coefficient (R2) was < 0.5, it was higher in 2000 
(R2 = 0.7–0.9) and in 2004 (R2 = 0.5–0.7) (Fig. S13). 

4.2. Intraannual variability of the SPM content 

During the spring-summer flood in June, landfast ice begins to break 
down while the edge is still located near the coast. Most of the riverine 
SPM settles along this mechanical obstacle, which acts as a barrier for 
SPM. In August-September, the input of SPM weakens as the river flow 
weakens. It follows that the runoff waters distribute over a larger area 
and the SCC intensifies, as well as along shore and lateral transport of 
SPM. During this period, wind forcing becomes increasingly important 
for the sedimentation of the inner shelf. The intensity of wave energy 
regulates the degree of remobilization of material from the coastal slope 
and from isolated shallows. There is a clear relationship between the 
SPM content and the depth of the center of wave erosion. Our results 
indicate that the river paleovalleys do not play a significant role in the 
SPM offshore transport. By October, the river outflow weakens further. 
Ice formation begins in the shallow waters, and the sea ice begins to drift 
towards the coast. However, the SPM, as well as the sedimentary ma-
terial remobilized by the autumn storms from the bottom, is deposited 
along the edge of the drifting ice and is partially incorporated into the 
sea ice. 

4.3. Interannual variability of the elemental and isotopic signatures of 
particulate organic matter 

4.3.1. Particulate organic carbon 
The spatial distribution of POC (%) is contrary to the distribution of 

the SPM, which may be explained by dilution and sediment composition. 
The lowest POC contribution is observed in the areas of high SPM con-
tent close to shore. The middle and outer shelf areas were characterized 
by higher POC concentrations. The highest POC variability occured in 
the zones of river-sea water mixing in the Indigirka and Kolyma Gulfs. A 
similar distribution was observed in the Ob and Yenisey Rivers - Kara 
Sea, Lena River - Laptev Sea mixing zones (Dudarev et al., 2006a; 
Charkin et al., 2011; Kodina et al., 2009). The lower vertical variability 
in the WBP is also the result of water mixing. In the more stratified EBP, 
the POC content in the surface waters was almost 1.5 times higher than 
at the bottom, which is likely due to high plankton productivity in the 
euphotic zone (Table 4; Fig. 5). 

4.3.2. Total nitrogen 
In 2000–2008, the TN concentrations ranged between 0.02 and 12.2 

% in the surface waters and between 0.02 and 7.90 % in the bottom 
waters of the WBP. In the EBP, the concentrations varied from 0.01 to 
9.0 % and from 0.01 to 1.4 % in the surface and bottom waters, 

Fig. 4. SPM longshore fluxes with ET (left) and WT (right) regimes of hydrometeorological processes. Visible range of the MODIS spectroradiometer (http://rapidfir 
e.sci.gsfc.nasa.gov). 

Table 4 
POC, TN and POC/TN data of SPM during 2000, 2003, 2004, 2005 and 2008.  

Year Statistical 
parameters 

POC, % TN, % POC/TN 

WBP EBP WBP EBP WBP EBP 

surface bottom surface bottom surface bottom surface bottom surface bottom surface bottom 

Depth < 50 m 
2000 min–max 0.9–18.9 0.8–18.8 2.0–42.9 1.3–40.1 0.03–0.2 0.03–0.2 0.01–0.2 0.01–0.2 7.7–13.1 8.0–12.4 5.5–10.4 5.5–10.0 

mean ± s.d. 8.3 ±
9.0 

7.3 ±
8.0 

24.3 ±
27.4 

16.3 ±
25.2 

0.1 ±
0.04 

0.11 ±
0.04 

0.1 ±
0.05 

0.12 ±
0.05 

10.1 ± 
1.6 

10.1 ± 
1.4 

7.8 ± 
1.1 

7.6 ± 
1.0 

2003 min–max 1.1–16.9 0.7–6.4 3.0–62.9 1.6–5.8 0.2–2.9 0.1–0.9 0.4–9.0 0.3–0.7 5.9–8.4 4.6–10.4 5.2–9.1 6.1–7.8 
mean ± s.d. 4.6 ±

3.6 
2.9 ±
1.5 

21.1 ±
22.6 

3.9 ±
1.3 

0.7 ± 0.6 0.4 ±
0.2 

3.1 ±
3.2 

0.6 ±
0.2 

6.8 ±
0.6 

7.0 ±
1.0 

7.0 ±
1.1 

6.7 ±
0.6 

2004 min–max 2.5–44.0 1.6–11.0 0.1–25.9 3.9–13.8 0.06–2.0 0.05–0.6 0.1–2.3 0.2–1.4 6.7–16.6 5.5–10.6 5.5–10.5 6.2–9.6 
mean ± s.d. 8.2 ±

9.3 
3.8 ±
1.7 

12.7 ±
4.9 

7.6 ±
2.9 

0.4 ± 0.4 0.2 ±
0.1 

0.9 ±
0.5 

0.5 ±
0.3 

9.3 ±
1.8 

8.2 ±
1.0 

7.4 ±
1.0 

7.7 ±
0.9 

2005 min–max 0.3–29.8 0.5–11.3 – – 0.01–2.1 0.01–0.4 – – 7.1–13.4 7.8–13.1 – – 
mean ± s.d. 6.3 ±

7.0 
3.5 ±
2.7 

– – 0.3 ± 0.4 0.2 ±
0.1 

– – 10.3 ±
1.6 

10.6 ±
1.5 

– – 

2008 min–max 0.2–49.1 0.2–15.5 0.8–17.7 1.7–6.1 0.02–12.2 0.01–7.9 0.2–3.1 0.3–1.2 3.8–8.1 4.8–7.8 4.7–6.0 4.9–7.8 
mean ± s.d. 9.8 ±

14.2 
5.7 ±
5.1 

6.8 ±
6.7 

3.6 ±
1.7 

2.2 ± 3.3 1.3 ±
1.7 

1.3 ±
1.2 

0.7 ±
0.4 

5.5 ±
1.1 

6.2 ±
0.8 

5.4 ±
0.5 

6.2 ±
0.9 

Depth > 50 m 
2008 min–max 0.1–35.5 6.0–46.5 – – 0.02–7.5 0.01–7.9 – – 4.7–6.6 5.7–7.5 – –  

mean ± s.d. 11.0 ±
16.7 

21.4 ±
21.9 

– – 2.2 ± 3.6 2.7 ±
3.5 

– – 5.6 ±
0.8 

6.3 ±
0.8 

– – 

Entire shelf 
2000– 

2008 
min–max 0.1–49.1 0.2–46.5 0.1–62.5 0.1–12.6 0.01–12.2 0.02–7.9 0.01–9.0 0.01–1.4 3.8–16.6 4.6–12.4 4.7–10.5 4.9–10.0 
mean ± s.d. 4.9 ±

8.0 
3.3 ±
5.4 

3.0 ±
10.8 

10.7 ±
2.2 

0.8 ± 1.8 0.5 ±
0.9 

1.1 ±
1.6 

0.4 ±
0.3 

7.8 ±
2.2 

7.7 ±
1.7 

7.1 ±
1.3 

7.3 ±
1.1  
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respectively. The weighted averages in 2003 and 2008 were excep-
tionally high (1.19 and 1.36 %, respectively) while values in 2000 were 
low (0.12 %). 

The spatial distribution of TN changed over the years (Fig. 6). In 
2000 we observed elevated values, which might be associated with the 
terrigenous input that dominated in the WBP. In the EBP, TN values 
generally increased to the east, which might reflect an increasing 

contribution of marine plankton as an important nitrogen source. The 
dominating hydrological regime was the ET, while an increased water 
inflow came from the Bering and Chukchi Seas into the ESS. A similar 
situation was also observed in 2005. In 2003, most of the ESS was 
characterized by high TN values which were mainly confined to depths 
> 20–25 m. A high TN content was also detected in the SPM of the SCC. 
The TN content decreased towards the bottom waters. The SPM in the 

Fig. 5. POC content during 2000, 2003, 2004, 2005 and 2008. POC (%): a - < 5, b ¡ 5–15, c ¡ 15–25, d - > 25.  
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bottom waters was characterized by a low TN content in the Indigirka 
and Kolyma Rivers paleovalleys. In 2004, the area with low TN contents 
significantly expanded with its minima in the estuaries of the Indigirka 
and Kolyma Rivers. In 2008, the highest TN contents with an unusual 
spatial distribution were observed. The SPM at the middle shelf was 
characterized by a TN maximum, as well as the Kolyma Gulf and the area 
along the Chaun Gulf. The lowest TN contents were found on both outer 
and inner shelf, with concentrations of < 0.01 % on the outer shelf. The 
thermohaline circulation resulted in a vertical stability of the water 
column here, which affected the downwelling of the surface waters with 
a low TN content. The SPM in the bottom waters of the SCC is also 
characterized by low TN values (Table 4; Fig. 6). 

4.3.3. POC/TN ratio 
POC/TN ratios for the period 2000–2008 ranged between 3.8 and 

16.6 in the surface waters and between 4.6 and 12.4 near the bottom in 
the WBP, and between 4.7 and 10.5 and 4.9–10.0 in the EBP, respec-
tively. The weighted mean values for the surface and bottom waters 
were comparable. For the 2000–2005 period, the POC/TN ratios 
exceeded 10, while the highest POC/TN ratio did not exceed 8.1 in 2008 
(Table 3; Fig. 7). 

4.3.4. Stable carbon isotopes 
In 2000–2008, the δ13C values varied between –32.4 - − 25.2 ‰ in 

the surface waters and between − 29.4 - − 24.9 ‰ near the bottom in the 
WBP. In the EBP, the carbon isotope signatures ranged between − 28.9 - 

Fig. 6. TN content during 2000, 2003, 2004, 2005 and 2008. TN (%): 2000. Surface: a – <0.1, b – 0.1–0.2. Bottom: same. 2003. Surface: a – 0.1–0.3, b – 0.3–0.5, c – 
0.5–0.7, d – 0.7–0.9, e – 0.9–1.1, f - >1.1. Bottom: a – 0.1–0.3, b – 0.3–0.5, c – 0.5–0.7, d – 0.7–0.9, e – 0.9–1.1. 2004. Surface: a – <0.1, b – 0.1–0.2, c – 0.2–0.3, d – 
0.3–0.4, e – 0.4–0.5, f − 0.5–0.6, g - >0.6. Bottom: same. 2005. Surface: a – <0.1, b – 0.1–0.2, c – 0.2–0.3, d – 0.3–0.4, e – 0.4–0.5, f – 0.5–0.6, g – 0.6–0.7, h – 0.7–0.8, 
i - >0.8. Bottom: a – <0.1, b – 0.1–0.2, c – 0.2–0.3, d – 0.3–0.4, e – <0.4. 2008. Surface: a – <0.3, b – 0.3–0.5, c – 0.5–0.7, d – 0.7–0.9, e – 0.9–1.1, f – >1.1. Bottom: a 
– <0.1, b – 0.1–0.3, c – 0.3–0.5, d – 0.5–0.7, e – 0.7–0.9, f – 0.9–1.1, g – >1.1. 
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Fig. 7. POC/TN ratio during 2000, 2003, 2004, 2005 and 2008. POC/TN ratio: 2000. Surface: a – 6÷7, b – 7÷8, c – 8÷9, d – 9÷10, e – 10÷11, f – 11÷12, g – 12÷13. 
Bottom: same.2003. Surface: a – 5÷6, b – 6÷7, c – 7÷8, d – 8÷9, e – 9÷10, f – >10. Bottom: a – 4÷5, b – 5÷6, c – 6÷7, d – 7÷8, e – 8÷9, f – 9÷10, g – >10.2004. 
Surface: a – 5÷6, b – 6÷7, c – 7÷8, d – 8÷9, e – 9÷10, f – 10÷11, g – 11÷12, h – 12÷13, i – >13. Bottom: a – 5÷6, b – 6÷7, c – 7÷8, d – 8÷9, e – 9÷10, f – 
10÷11.2005. Surface: a – 7÷8, b – 8÷9, c – 9÷10, d – 10÷11, e – 11÷12, f – 12÷13, g – 13÷14. Bottom: same.2008. Surface: a – 3÷4, b – 4÷5, c – 5÷6, d – 6÷7, e – 
7÷8, f – 8÷9. Bottom: a – 4÷5, b – 5÷6, c – 6÷7, d – 7÷8. 
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–23.4 ‰ and between − 28.5 - –23.2 ‰, respectively. The lowest Δδ13C 
(differences between lowest and highest values) variability was 
observed in 2000 (Δδ13C = -2.7 ‰), 2003 (Δδ13C = -3.5 ‰) and 2005 
(Δδ13C = -2.0 ‰). A wider range of Δδ13C values was recorded in 2004 
(Δδ13C = -4.3 ‰) and maximized in 2008 (Δδ13C = -5.0 ‰; Δδ13C =

-8.1 ‰ on the middle and outer shelf). In the WBP, δ13C values varied 
from –32.4 ‰ to − 27.4 ‰ (on the outer shelf up to − 24.3 ‰). A similar 
Δδ13C variability was observed in the EBP. However, in 2008, the values 
ranged between − 28.9 and –23.0 ‰ (Δδ13C = -5.9 ‰) on the inner and 
middle shelf of the EBP and − 31.6 - − 21.8 ‰ (Δδ13C = -9.8 ‰) on the 

Fig. 8. δ13C POC values during 2000, 2003, 2004, 2005 and 2008. δ13C (‰): a - >-24, b - − 25 - − 24, c - − 26 – − 25, d - − 27 - − 26, e - <-27.  
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outer shelf. In 2000–2008, the δ13C values varied from –32.4 to − 21.8 
‰ with Δδ13C = -10.6 ‰ (Table 4; Fig. 8). 

4.3.5. Nitrogen stable isotopes 
In 2000–2008, δ15N values were between − 0.9–14.6 ‰ in the sur-

face waters and between 3.3 and 14.2 ‰ near the bottom in the WBP. In 
the EBP, those varied between 4.5 and 14.1 ‰ and 1.1–10.6 ‰, 
respectively. The longterm average for δ15N in 2000–2008 was 6.4 ‰ for 
the entire ESS (6.0 and 7.6 ‰ for the WBP and the EBP, respectively). In 
2008, δ15N extreme values were − 0.9 and 14.2. Furthermore, there 
were no clear differences in δ15N values between the surface and bottom 
waters (Table 5; Fig. 9). 

4.3.6. Possible sources of POC 
As discussed above, the interannual variability of the SPM content in 

the ESS depends on (i) the intensity of coastal erosion of ICD; (ii) the 
volume of river runoff; and (iii) the prevailing ice and wind regime. We 
also identified a direct connection between the wind regime and periods 
of activation and weakening of sedimentary processes in the near- 
coastal area. Two hydrometeorological regimes (upwind and down-
wind) can be distinguished, that drive the preparation and removal of 
thermal abrasion products to the sea (Charkin et al., 2011, 2015; 
Dudarev, 2016). Areas of maximum SPM content are confined to the 
mouths of large rivers and along the widespread thermal abrasive 
coastlines. Hence, SPM formes a structure that encircles the land, which 
is the most strongly developed in the WBP. The contents rapidly 
decrease outside shallow waters and runoff plumes. By contrast, there is 
an increase in POC content in the EBP. The EBP is influenced by the 
advection of the Chukchi Sea waters enriched in biogenic elements 
(Savelyeva et al., 2008). Due to strong primary production, surface 
waters are undersaturated in carbon dioxide relative to the atmospheric 

content (Anderson et al., 2011; Pipko et al., 2005, 2011). The total 
carbon sequestration by primary production of phytoplankton 
(including the production of cryophilic phytoplankton) is for the EBP 
estimated at 18.5 mg C/m2 per day. This value is comparable to the 
Laptev Sea, but only half of that in the adjacent Chukchi Sea (Vetrov and 
Romankevich, 2011). Diatoms account for up to 90 % of the planktic 
POC production in the Arctic seas (Vinogradov et al., 2001). Freshly 
synthesized OM of algae is poorly resistant to oxidative diagenesis and is 
almost completely utilized and transformed into labile bacterial proteins 
(Vetrov and Romankevich, 2004). 

Elemental isotopic and molecular markers are useful to identify 
relative source contributions to the POC pool. Table 5 presents the 
elemental and isotopic markers of ICD coastal slope, SPM and bottom 
sediments of the Dmitry Laptev Strait. > 95 % of the coastline of the 
strait is composed of ICD, while the strait acts as a transit system for the 
transfer of sedimentary and OM between adjacent seas. It is thus possible 
to observe the transformation of the initial biogeochemical SPM signal 
during the water transport. The POC/TN ratio is used to estimate the 
ratio of the contribution of terrigenous and marine sources to the POC. 
For terrestrial OM, values typically range from 15 to 20, and for marine 
OM from 6 to 7 (Galimov, 1981; Vetrov et al., 2008; Stein and Nurnberg, 
1995; Semiletov, 1999). In the 2000–2008 data set the range of POC/TN 
ratios was 3.8–17.6. At the annual scale, the spatial distribution pattern 
of POC/TN variability is also highly heterogeneous (Fig. 7). 

The endmember POC/TN value of the coastal ICD in the Dmitry 
Laptev Strait is 11.3–13.4 (Table 6), while for SPM it is between 7.5 and 
9.7, which is due to biogeochemical transformation of the OM. The 
transformation starts onshore after the ICD material has thawed and 
eroded material remains as so-called thaw slumps on the beach until the 
thermal abrasion products are washed into the sea and transferred to 
SPM-POC by frequently-occuring storm events. Already in the stage of 

Table 5 
δ13C, δ15N and terrOC data of SPM during 2000, 2003, 2004, 2005 and 2008.  

Year Statistical 
parameters 

δ15N, ‰ δ13C, ‰ TerrOC, % 

WBP EBP WBP EBP WBP EBP 

surface bottom surface bottom surface bottom surface bottom surface bottom surface bottom 

Depth < 50 m 
2000  min–max 3.2–6.3 3.3–6.2 5.0–8.3 4.9–9.7 − 27.6- 

− 25.2 
− 26.8- 
− 24.9 

− 25.3- 
–23.4 

− 25.1- 
–23.2 

34–75 33–77 1–10 1–10 

mean ± s.d. 4.5 ± 0.8 4.5 ±
0.8 

7.2 ±
0.9 

7.3 ±
1.1 

− 26.3 ±
0.6 

− 26.2 ±
0.6 

− 24.2 ±
0.8 

− 24.1 ±
0.8 

54 ±
9.8 

54 ±
10.3 

24 ±
12.1 

23 ±
11.3 

2003  min–max 3.3–8.0 3.4–12.0 5.6–12.9 6.6–8.4 − 27.9- 
− 25.6 

− 29.1- 
− 25.7 

− 26.7- 
− 24.0 

− 25.1- 
–23.8 

45–94 46–76 21–60 18–37 

mean ± s.d. 5.3 ± 1.1 5.2 ±
1.7 

8.0 ±
1.9 

7.2 ±
0.6 

− 26.9 ±
0.7 

− 26.6 ±
0.5 

− 25.7 ±
0.9 

− 24.5 ±
0.5 

67 ±
10.2 

59 ±
8.3 

46 ±
13.1 

28 ±
7.2 

2004   min–max 1.1–7.8 4.6–8.1 4.5–10.9 5.5–9.3 − 29.2- 
− 25.6 

− 28.4- 
− 24.9 

− 27.7- 
− 24.1 

− 28.4- 
–23.4 

44–99 33–87 22–76 12–86 

mean ± s.d. 5.6 ± 1.5 6.4 ±
0.9 

7.6 ±
1.4 

7.4 ±
0.9 

− 27.3 ±
0.8 

− 26.8 ±
0.7 

− 26.6 ±
0.7 

− 25.9 ±
1.4 

70 ±
11.2 

64 ±
10.0 

60 ±
11.1 

49 ±
20.7 

2005  min–max 2.0–11.6 2.4–12.5 – – − 27.4- 
− 25.6 

− 27.1- 
− 25.4 

– – 42–73 42–66 – – 

mean ± s.d. 6.5 ± 2.6 6.2 ±
2.1 

– – − 26.4 ±
0.5 

− 26.2 ±
0.5 

– – 56 ±
7.9 

53 ±
7.7 

– –  

2008  min–max 
ьфч 

− 0.9–14.7 3.3–14.2 4.5–14.1 1.1–10.6 –32.4- 
− 27.5 

− 29.4- 
− 27.4 

− 28.9- 
–23.5 

− 28.5- 
–23.0 

57–88 54–74 22–84 18–69 

mean ± s.d. 6.0 ± 4.2 6.1 ±
2.0 

7.8 ±
3.0 

7.4 ±
2.9 

− 29.8 ±
1.3 

− 28.2 ±
0.7 

− 27.1 ±
1.5 

− 25.9 ±
1.9 

75 ±
8.9 

63 ±
6.3 

53 ±
16.6 

40 ±
16.9 
9 

Depth > 50 m 
2008  min–max 6.0–10.0 6.5–10.2 – – –32.4- 

− 28.4 
− 24.7- 
− 24.3 

− 30.6- 
− 27.6 

− 31.6- 
− 21.8 

65–100 32–72 58–84 3–93 

mean ± s.d. 8.2 ± 1.6 8.9 ±
1.6 

– – − 30.4 ±
2.0 

− 24.5 ±
0.3 

− 29.4 ±
1.3 

− 27.2 ±
4.2 

82 ±
17.6 

50 ±
20.3 

71 ±
10.8 

37 ±
41.8 

Entire shelf 
2000– 

2008 
min–max − 0.9–14.6 3.3–14.2 4.5–14.1 1.1–10.6 –32.4- 

− 25.2 
− 29.4- 
− 24.9 

− 28.9- 
–23.4 

− 28.5- 
–23.0 

34–99 33–87 1–84 1–86 

mean ± s.d 5.9 ± 2.5 6.1 ±
2.0 

7.8 ±
1.8 

7.4 ±
1.3 

− 27.3 ±
0.8 

− 26.8 ±
0.6 

− 25.9 ±
1.0 

− 25.1 ±
1.2 

64 ±
9.6 

59 ±
8.5 

46 ±
13.2 

35 ±
14.0  
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thaw slumps, the POC/TN ratio decreases to ca. 8.9 while the OC content 
decreases significantly, down to one order of magnitude less compared 
to the POC (Dudarev et al., 2003; 2006a). In general, there is usually a 
transition in the main OC source for POC, from terrigenous-dominated 
to a mixed and marine source from the west to the east of the ESS. 
This was the case in 2000 and 2005, when the POC/TN values were 
8.7–11.3 in the WBP. By contrast, in 2003 the signal of the marine POC 
dominated, with ratios between 6 and 7. POC/TN ratios in 2008 (as well 
as for POC and TN) were yet lower with values from 4 to 6, while in 

river-influenced gulfs and on the middle and outer shelf values were 
between 6 and 7, and on the outer shelf between 5 and 6. In the shallow 
areas outside the Indigirka River Paleovalley (25 m depth), values were 
as low as 3–4. This may be related to an assumed vortex-like vertical 
thermohaline circulation that occurred in this area in 2008. The circu-
lation formed at the apex of the salt intrusion of shelf waters and facil-
itated the upwelling of salty and low-temperature bottom waters to the 
surface. Such conditions are characterized by an oxygen deficiency and 
an increased content of mineral forms of nitrogen (Savelyeva et al., 

Fig. 9. δ15N value during 2000, 2003, 2004, 2005 and 2008. δ15N (‰): 2000. Surface: a – 3÷4, b – 4÷5, c – 5÷6, d – 6÷7, e – 7÷8, f – 8÷9. Bottom: a – 3÷4, b – 
4÷5, c – 5÷6, d – 6÷7, e – 7÷8, f – 8÷9, g – 9÷10. 2003. Surface: a – 3÷4, b – 4÷5, c – 5÷6, d – 6÷7, e – 7÷8, f – 8÷9, g - 9÷10, h >10. Bottom: same.2004. Surface: 
a – <3, b – 3÷4, c – 4÷5, d – 5÷6, e – 6÷7, f – 7÷8, g – 8÷9, h – 9÷10, i – >10. Bottom: a – 4÷5, b – 5÷6, c – 6÷7, d – 7÷8, e – 8÷9, f – 9÷10.2005. Surface: a – <3, b 
– 3÷4, c – 4÷5, d – 5÷6, e – 6÷7, f – 7÷8, g – 8÷9, h – 9÷10, i – 10÷11, j – 11÷12. Bottom: a – <3, b – 3÷4, c – 4÷5, d – 5÷6, e – 6÷7, f – 7÷8, g – 8÷9, h – 9÷10, i – 
10÷11, j – 11÷12, k – >12.2008. Surface: a – -1÷0, b – 0÷3, c – 3÷4, d – 4÷5, e – 5÷6, f – 6÷7, g – 7÷8, h – 8÷9, i – 9÷10, j – >10. Bottom: a – <3, b – 3÷4, c – 4÷5, 
d – 5÷6, e – 6÷7, f – 7÷8, g – 8÷9, h – 9÷10, i – >10. 
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2008). The content of TN and POC reached 2.0 and 7.6 %, respectively. 
The δ13C isotopic signature was also used to elucidate the origin of 

POC (see Supplementary Results and discussion S2). The δ13C values 
ranged from –32.4 to − 21.8 ‰ in 2000–2008 which suggests a variety 
of POC sources and water masses as well as species composition of 
plankton communities, and ongoing biochemical transformations of OM 
in both the drainage basin and during oceanic water mass transport. The 
δ13C of the Indigirka Gulf POC was − 27.8 - − 26.5 ‰ during 2000–2005. 
Similar values were published for Kolyma, Mackenzie, Yukon and Col-
ville Rivers (Vonk et al., 2010; Vonk and Gustafsson, 2013; Sanchez- 
Garsia et al., 2011). The POC that forms to the east of the Kolyma 
Gulf, is isotopically heavier. The average difference in the δ13C signa-
tures between allochtonous (fluvial) and autochthonous (marine) 
plankton is − 9 ‰ and may be explained by discrimination of the heavy 
13C during photosynthesis. The enrichment of the 13C in the seawater 
carbonate system provided by accumulation of the bicarbonate ion leads 
to a yet higher isotope 13C content in marine OM (Galimov, 1981). The 
low δ13C value of − 21.8 ‰ along with the lowest POC/TN ratio of 6.5 
was observed on the outer shelf of the ESS. In 2000 and 2008, during the 
ET regime setting, the gradient zone between terrigenous and marine- 
dominated POC was approximately along the 165◦ E. This location 
was previously shown to be a hydrological and biogeochemical gradient 
frontal zone between the WBP and EBP waters (Semiletov et al., 2005; 
Pipko et al., 2011). As a result of the SCC intensification (2003, 2004), 
the gradient zone shifted hundreds of kilometers to the east. In 2003 it 
reached the Long Strait, and in 2004 it moved to the Chukchi Sea 
(Fig. 8). This shift was also observed with several hydrochemical pa-
rameters (Pipko et al., 2005, 2011). 

The wide range of δ13C signatures can be attributed to compositional 
differences and the degree of biogeochemical processing of the OM. It 
also reflects different contributions from the two dominating sources: 
planktogenic and terrigenous OC (e.g. Galimov, 1981; Kodina et al., 
2000). The contribution of terrestrial OC was determined by using a two 
sources isotopic mixing model of Walsh (1989) (see Supplementary 
Results and discussion S3). For the terrigenous δ13C values, we used the 
lightest isotopic composition for each year of observations: − 27.6 ‰ 
(Dudarev et al., 2006 a, b; 2015; Semiletov et al., 2005; 2011; 2012; 
Naidu et al., 2000; Sanchez-Garcia et al., 2014; Vonk et al., 2014). 
TerrOC fractions for 2000–2008 ranged between 33 and 99 % in the 
surface and near bottom waters of the WBP and 1–86 % in the EBP 
(Table 5; Fig. 10). For the WBP and the EBP, the long-term mean values 
were 62 ± 9.0 % and 40 ± 13.6 %, respectively, i.e. an eastward 
decrease of terrOC values was oserved. In other words, the proportion of 
marine plankton in the POC increased from 38 % to 60 % from west to 
east in the ESS, which is driven by ecological changes. For example, 
decreasing SPM content and increasing salinity foster photosynthesis. 
This can be shown by a positive linear relationship between the enriched 
δ13C isotope and salinity values (R2 = 0.69), δ13C isotope and temper-
ature (R2 = 0.78). A positive linear relationship was established between 
TN-POC (R2 = 0.68–0.97) and δ15N-δ13C (R2 = 0.86–0.87). We also see a 
positive linear relationship between δ15N and δ13C, which indicates an 
increase in the influence of marine plankton through increasing δ15N 
values and increasing δ13C ratios. Inverse linear relationships were 

observed between POC/TN-δ13C (R2 = 0.81) and SPM-δ13C (R2 = 0.65). 
The POC/TN values, usually taken as the signal of marine POC, reflected 
the influence of both isotopically light allochthonous and isotopically 
heavier autochthonous OM (Figs. S14-S16). 

Using 13C and 14C isotope signals from marine, riverine and erosion 
sources of POC in a Monte Carlo mixing model, the relative contribution 
of each of the end members was estimated (Vonk et al., 2010; 2014; 
Karlsson et al., 2011; 2015, 2016; Sanchez-Garcia et al., 2011; 2014). 
This shows that the POC composition in the Dmitry Laptev Strait (station 
YS-23) is formed due to similarly large contributions from ICD erosion 
and riverine (topsoil) sources (Supplementary Figure S17 and Table S1). 
Already 200 km east of the Strait (station YS-26), the riverine contri-
bution (topsoil) increases by a third. This transition is likely caused by 
the sedimentological properties of the material, with erosion POC 
(larger in size and mineral-associations) more subject to settling and 
riverine POC (finer particles) more prone to stay in suspension. 

Calculated OC source contributions indicate exclusively terrigenous 
genesis (erosion + riverine) of the SPM and OC in the bottom sediments, 
which is also indicated by the δ13C and terrOC values. At the same time, 
the POC/TN ratio for SPM is more consistent with the mixed and marine 
source, which is also supported by the terrOC values. This offset shows 
that both methods of source apportionment are associated with un-
certainties. The POC/TN ratios are difficult to interpret due to varying 
contributions of the main sources and the degree of transformation 
during transport (Lew, 1997). In comparison with SPM, the TN content 
in bottom sediments decreases by more than one order of magnitude, 
which leads to an increase in the C/N ratios and increasing age of the 
OM. The latter indicator suggests that its source is the Holocene sedi-
ments, which are younger than the ICD. 

The results of source apportionments show changes in the contri-
bution of marine, riverine and erosion POC in a 513 km long transect 
along the Kolyma Paleovalley (Table S2; Fig. 3b, section XI). Sampling 
stations were located at a distance 46–513 km from the river delta and 
follow the Kolyma Paleovalley). The depth range was 10–43 m. The 
range of surface salinity values ranged from 17.8 ‰ (YS-34B) to 
27.5–29.3 ‰ (YS-35 - YS-41). Station YS-34B is therefore most strongly 
river-influenced which is supported by the depleted δ13C value of −
29.1 ‰. At the same time, the POC/TN ratios were < 5.8 along the entire 
transect, which are not consistent with the typical POC values for marine 
and terrigenous sources. Molecular biomarkers provided additional in-
formation about POC sources. The carbon preference index (CPl) of n- 
alkanes ranged from 0.9 to 2.5, CPl of n-alkanoic acids varied from 3.7 to 
7.9. According to Rieley et al. (1991), a CPI > 5 is usually characteristic 
for living plants, with a tendency to decrease during OM degradation 
and aging. The contribution of terrestrial OM is confirmed by the high 
molecular weight (HMW) n-alkanes content (up to 517 µg/g OC) and 
HMW n-alkanoic acids content (up to 809 µg/g OC), indicating the 
presence of leaf waxes only produced by higher plants. A high HMW / 
LMW (low-molecular weight) n-alkane ratio also indicates the over-
whelming role of terrigenous OM along the entire transect. At the same 
time, some values also suggest the contribution of a marine plankton 
source (Vetrov et al., 2008). The origin of terrestrial OM can be asso-
ciated with both terrestrial vegetation and products of the eroded top 

Table 6 
Elemental and isotopic markers of the coastal ICD, SPM and bottom sediments (BS) in the Dmitry Laptev Strait.  

Parameters Coastal 
ICD 

SPM BS Average 

surface bottom  coastal ICD POC BS 

OC, % 2.5–3.5 – – 0.1–1.6 3.1 – 0.6 
POC, % – 0.13–1.68 0.11–2.25 – – 0.71 – 
TN, % 0.22–0.28 0.01–0.21 0.01–0.28 0.07–0.14 0.25 0.08 0.09 
POC/TN 11.3–13.4 7.5–8.8 7.6–9.7 11.8–12.9 12.4 8.1 12.7 
δ13C, ‰ − 27.2 - − 26.4 − 27.5 - − 26.3 − 27.1 - − 25.8 − 27.1 - − 26.6 − 26.9 − 26.8 − 26.8 
δ15N, ‰ − 0.49–3.83 3.3–6.8 4.5–5.5 3.7–4.7 1.7 4.9 4.9 
terrOC, % 100 90–100 90–98 76–100 100 95 85  
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Fig. 10. TerrOC contribution to the POC pool during 2000, 2003, 2004, 2005 and 2008. TerrOC (%): a – 0–25, b – 25–50, c – 50–75, d – 75–100.  
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soils of the Lower Kolyma Lowland, for example, Sphagnum mosses. 
Hence, there are increased values of the C25 / (C25 + C29) ratio of 0.84 
close to the river outlet relative to the average of 0.66. Radiocarbon 
isotope signatures of the surface POC were 14C = -75.0 - − 27.9 ‰, which 
correspond to a conventional 14C age of ~ 600 ÷ 200 years BP. The 
“youngest” POC was found only at stations in the middle of the transect 
(YS-37, YS-39), while “old” POC was found at the start and the end of the 
transect (YS-34B, YS-35, YS-41). At the start of the transect, 13C- 
depleted carbon is associated with the lateral transport of insoluble plant 
detritus. This is supported by the presence of long-chain n-alkanes - 
markers of higher plant waxes – as well as high values of the CPI n- 
alkanoic acids (Vonk et al. 2010). It was shown that the age of the 
“young” POC of arctic and subarctic marine phytoplankton is between 
85 and 500 years old and is 13C-enriched (Key et al., 2004). At the same 
time, “older” POC plankton with ages of 1000 years and higher is 
characterized by a mixed isotope signal (Table S2). “Young” POC has an 
increased HMW/LMW ratio of n-alkanes (1.5 times higher than the “old” 
one) and a CPI of 20–30n-alkanoic acids (1.6 times higher), but lower 
HMW, C25/(C25 + C29) ratio and CPI of 21–31n-alkanes (2.4, 1.4 and 1.3 
times lower, respectively). The concentration of HMW n-alkanoic acids 
in “young” POC is 3.5 times lower than in “old” POC. 

Thus, about 2/3 of the ESS area confined to the outer shelf was 
characterized by isotopically light but “old” terrigenous POC with δ13C 
values at ~ -27 ‰. A similar situation was observed on the inner shelf of 
the Kara and Beaufort Seas (Kodina et al., 1999; 2008; Petrova et al., 
2010; Naidu et al., 2000). Beyond the shelf edge and on the upper ice- 
free part of the continental slope, an intensive plankton production 
was observed, which resulted in the rapid increase of marine plankto-
genic POC. On the upper part of the continental slope, POC is charac-
terized by “young” and isotopically heavy Arctic plankton with δ13C 
values around –22 ‰. The influence of the marine source to the POC is 
also well traceable towards the coast along the Kolyma River Paleo-
valley, where the source changes from marine to mixed terrigenous- 
marine. In the adjacent Chukchi Sea, isotopically heavy POC enters 
the Chukchi Peninsula through the Herald Canyon. 

5. Conclusions 

Our multi-year observations during the ice-free summer months 
provide a deeper understanding of the temporal and spatial variability 
as well as the transport and fate of terrigenous and marine SPM in the 
land-shelf system of the ESAS. The SPM distribution and its biogeo-
chemical signature demonstrated strong spatial variability. From west to 
east in the ESS we observed an overall decline in the SPM content along 
with an increase in POC concentration, depletion of the δ13C values and 
δ15N enrichment revealing a general decrease of terrOC contribution. 

In the EPB, the SPM mean concentration is approximately an order of 
magnitude lower than in the WBP. The contribution of terrOC in the EBP 
is also reduced by up to 2 times if compared to the WBP. This is reflected 
in the carbon and nitrogen isotopic composition: δ13C signatures are 
heavier by 1.1 ‰ in the EBP, while 15N values become 1.6 ‰ lighter than 
those in the WBP. TN content observed in the EBP is up to 40 % higher 
than in the WBP; in contrast, average C/N ratios in the EBP are lower 
than that in WBP by on average 0.5 units. 

For the first time, this study showed constant west-to-east spatial 
patterns during multiple years. Contrasting elemental and isotopic 
characteristics of the SPM are strongly affected by relative contributions 
of the terrestrial vs marine OM sources and the degree of biogeochemical 
transformation. The “west-to-east” trend is largely determined by 
physical-ecological conditions during the ice-free periods that follow a 
decline in turbidity, increasing salinity and decreasing water tempera-
tures from west to east. This is caused by declining volumes of both river 
runoff and sedimentary input (fluvial and ICD) along with a growing 
influence of pacific waters from west to east. The long-term average 
boundary between these two provinces and their SPM patterns and 
properties is located near 165oE. This boundary can migrate tens to 

hundreds of kilometers west or eastwards following changes in atmo-
spheric circulation, and associated water circulation and ice transport 
regimes. 
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Macdonald, R.W., Pieńkowski, A.J., Eglinton, T.I., Haghipour, N., Dahle, S., 
Carroll, M.L., Åström, E.K.L., Grebmeier, J.M., Cooper, L.W., Possnert, G., 
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