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Abstract Diatom assemblage studies are used to
interpret past changes in river runoff (salinity) and
sea-ice regime in the vicinity of the vast Lena River
delta, southern Laptev Sea shelf. On the basis of their
distribution in surface sediments, the shelf region out-
side the strong influence of riverine waters is charac-
terized by a dominance in sea-ice diatoms and other
marine species. Their numbers increase steeply
(>20%) within the area of drifting pack ice. In con-
trast, the marginal zone of the delta, where exceed-
ingly low salinities prevail, is marked by freshwater
diatoms showing values higher than 70%. Using the
environmental information from the surface sed-
iments, the downcore distribution patterns of the main
ecological groups of diatoms were investigated on a
sediment core that covers the past 2800 cal. years BP.
Although the freshwater group indicates some tem-
poral variations in salinities, the study site north of
the Lena River delta remained under a dominantly
riverine influence for most of the three recognized
phases. In contrast, the relative abundance of sea-ice
species gives evidence that pack-ice conditions were
more severe during the oldest phase (older than ~2700
cal. years BP). The most significant changes are
observed in the uppermost core section (younger than
~300 cal. years BP) when the relative abundance of
freshwater diatoms decreases from 80% down to
below 20%. This dramatic decrease is interpreted as a
major shift from a more northward-directed to the
modern, dominantly eastern outflow pattern. Because
the dispersal and fate of riverine waters and its role
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on the ice regime as well as on water mass properties
is a central issue in understanding short- and longer-
term climatic changes in the Arctic and beyond, it
needs to be tested using more cores if this most recent
change in outflow pattern from the delta is connected
to climate change or simply a result of channel migra-
tion within the delta.

Keywords Arctic shelf - Siberian river runoff - Sea
ice - Paleoenvironment - Micropaleontology - Diatoms

Introduction

The Arctic region plays an important role in the
global climate system through its albedo and fresh-
water budget, both mechanisms which are regarded
responsible for past climate perturbations (e.g., Rahm-
storf 1995). It is now believed that any future climate
change will have a significant impact on the entire
global environment; however, its effects will be first
noticeable in the Arctic region probably through
changes in sea-ice extent and thickness (Dickson
1999). The sea-ice cover of the Arctic Ocean has a
positive feedback on the albedo in this region. It rep-
resents the frozen part of the Arctic Ocean Halocline,
a low-density surface layer which is continuously fed
with freshwater by the rivers draining into the Arctic
Ocean (Bauch et al. 1995). Therefore, changes in this
riverine freshwater system, i.e., in the amount of the
runoff, may have a significant impact also on the
thickness and distribution of sea ice.

Due to its unique geographical position, the Laptev
Sea, which constitutes the central part of the vast Eur-
asian Arctic shelf (Fig. 1), is a key area to study the
influence of river systems on the Arctic Ocean envi-
ronment (Kassens et al. 1998). One of the two hydro-
logically important features of this broad and shallow
shelf sea is the high annual input of freshwater of
approximately 770 km?/year from rivers draining onto



570

120°

Fig. 1 Distribution of mean summer surface salinity in the Lap-
tev Sea region (1950s-1980s) indicating the strong influence of
the river water runoff from the Lena River on the southeastern
Laptev sea shelf. (Data from Environmental Working Group
1998)

the Laptev Sea shelf (Aagaard and Carmack 1989).
This river water is discharged mainly during the first
half of the summer after the river ice breaks. The sec-
ond feature is the development of a stretch of open
water in winter, a so-called flaw polynya which is
maintained by consistent offshore winds (Zakharov
1966; Dethleff et al. 1993). This flaw polynya is a con-
spicuous ice boundary that separates the fast ice from
the pack ice (Fig. 2). Depending on the physical con-
ditions, the width of the flaw polynya in the eastern
Laptev Sea may range from a few meters to approx-

imately 100 km (Zahkarov 1996). In this regard, the
flaw polynya is an important production area of arctic
sea ice which, together with the fluvial runoff, has a
profound influence on the upper hydrography and the
sea-ice regime in the Arctic Ocean (Schlosser et al.
1994; Kassens et al. 1998).

In order to investigate past variations in river run-
off and sea-ice formation in the Arctic Ocean, it is
necessary to understand the modern physical and bio-
logical processes on the Siberian shelves. The recon-
struction of the Holocene paleoenvironment on these
shelves has been hampered either by poor age control
due in part to low carbonate content, limiting reliable
chronologies (Dzinoridze 1978; Saidova 1994; Polya-
kova 1997a, 1997b; Kuptsov and Lisitzin 1996; Polya-
kova 1999), or by a lack of suitable and long sediment
cores. But more recently, radiocarbon-dated sediment
cores were obtained from the Laptev Sea offering the
opportunity to study paleohydrological shelf processes
on the basis of mircopaleontological methods (Bauch
1999; Bauch et al., in press). Using a shelf sediment
core from near the largest riverine freshwater source
in the Laptev Sea, the Lena River delta, this study
makes a first attempt to investigate the temporal var-
iability of the freshwater-ice system in the Laptev Sea
during the late Holocene on the basis of diatom
assemblage data.

Materials and methods

Core PM9482-2 was obtained from 27 m water depth
just north of the Lena River delta using a vibro kasten
corer (Kassens and Dmitrenko 1995). The total sed-
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Table 1 Original AMS radiocarbon dates with 1-¢ error and the
calculated calendar years

Lab. no Depth Age Age
(cm) (1C years BP) (cal. years BP)
KIA-3128% 27 590+30 302
KIA-3129° 47 300+30 0
KIA-3130* 87 630+30 358
KIA-31312 111 1190+30 823
KIA-3132° 161 2260+40 2326
KIA-31332 241 2880+30 2739
KIA-31342 273 2990+30 2839
KIA-3135% 325 2930+40 2766

aMarine bivalve
"Wood

iment recovery of the core was 345 cm. To analyze
the physical properties of the sediment (dry bulk den-
sity), the core was sampled at 5-cm intervals using
10-ml open barrel syringes. The same samples were
then used for diatom assemblage studies. For modern
comparison, the undisturbed surface sediment from
trigger box core PM9482-1 taken at the same location
was investigated.

The AMS radiocarbon dates of the investigated
sediment core were obtained from seven small bivalve
shells commonly less than 1 cm in diameter (Table 1).
They belong to the Arctic species Portlandia arctica,
which is presently the dominant species on the inner
eastern Laptev Sea shelf where reduced salinities pre-
vail (Sirenko et al. 1995). One sample was dated on
the basis of a piece of wood. To account for the reser-
voir effect, 313 years were subtracted from each of the
dated marine shells (Bauch et al., in press). All radio-
carbon dates were calibrated into calendar years BP
using the intercept method (Stuiver et al. 1998).

The following methods were applied for prepara-
tion of diatom slides and determination of absolute
diatom abundance per gram of freeze-dried sediment
samples. Diatoms were concentrated by treatment
with 10% HCl and 30% H,0,, with subsequent
decantation using distilled water. Slide preparation
was carried out following Battarbee (1973). The resi-
dues were mounted on glass slides with the medium
Mountex (Merck, Darmstadt, Germany) which has a
refraction index of 1.68. The valves were examined
under a light microscope at x1000 magnification. Gen-
erally, approximately 300400 specimens were counted
in each sample. The counts were then calculated to
percent data and number of valves per gram of dry
sediment.

For this study the following ecological groups
among marine diatoms were distinguished: sea-ice spe-
cies and other marine (planktic and sublittoral) species
(see Table 1). Sea-ice diatoms are one of the main
components of the Arctic marine ecosystem, pro-
ducing organic matter in the Arctic marginal seas
(Andersen 1989; Melnikov 1989; Poulin 1990). Their
distribution in the sediments generally reflects the sea-
ice conditions (Polyakova 1994, 1997b). In surface sed-
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iments of the eastern Eurasian Arctic they occur with
high abundances (up to 50%). The third group of dia-
toms used in this study are various freshwater species
which all indicate terrestrial, aquatic environment
(e.g., rivers, bogs, and lakes; Table 2).

Oceanography setting

The annual discharge of the Lena River comprises
approximately 70% of the total river input to the Lap-
tev Sea (Rusanov et al. 1979). At its mouth, the Lena
River forms an extensive delta with many tributaries.
The largest of these channels, Trofimovskaya and
Bykovskaya, are responsible for ~60 and ~25% of the
total annual Lena River runoff, respectively (Fig. 2).
These waters are mainly directed to the east and
northeast (Ivanov and Piskun 1999). Although surface
salinities within the shelf region may vary on a yearly
basis (e.g., Dmitrenko et al. 1999), lowest values are
always found in the southeastern part of the Laptev
Sea (Fig. 1). The influence of river water in the Lap-
tev Sea is also well manifested by chemical tracers
such as dissolved SiOj; (silicon). Because of the high
content in Lena River water, silicon exhibits a distrib-
ution pattern similar to that of the surface salinity
with maximum concentrations found adjacent to the
mouths of the large Lena river channels (Heiskanen
and Keck 1996; Pivovarov and Smagin 1995). In win-
tertime, the Laptev Sea shelf surface waters become
relatively enriched with silicon (Pivovarov et al. 1999)
probably due to low bioproductivity and remineraliza-
tion processes.

The Laptev Sea flaw polynya, separating the fast
ice from the pack ice, is one of the longest (ca. 2000
km) open-water areas in Arctic winter sea-ice cover.
Its open areas are maintained by persistent offshore
winds (Zakharov 1966; Smith et al. 1990; Dethleff et
al. 1993, 1998). Investigations carried out in the Lap-
tev Sea during recent expeditions (e.g., Kassens and
Dmitrenko 1995; Kassens et al. 1997) have revealed
that river runoff plays a leading role in the areal
extent of the fast ice and in controlling the interannual
variations in the geographical position of the flaw
polynya (Dmitrenko et al. 1999).

Diatom distribution in surface sediments

The diatom assemblage in the surface sediments of
the Laptev Sea is dominated by allochthonous fresh-
water species which account for approximately 60% of
the total taxonomical diversity (Cremer 1998). The
near-coastal regions, especially to the east of the Lena
River delta, contain the largest portions of freshwater
diatoms (Fig. 2). Although the species diversity occur-
ring here is relatively high (~200 species), only few
species (Aulacoseira subarctica, Asterionella formosa,
and Diatoma tenuis) are dominant (Cremer 1998). The
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Table 2 Ecology of marine and brackish water diatoms found in core PM9482-2; p planktic-neritic and planktic-panthalassic species;

s sublittoral benthic and semi-benthic species; s-i sea-ice species

Species Ecology

Species Ecology

Actinocyclus divisus (Grun.) Hust.
Amphora proteus Greg.

Bacterosira concava-convexa Makarova
Bacterosira bathyomphala (Cl.) Syvertsen and Hasle
Caloneis aemula Schm.

Caloneis formosa (Greg.) CL
Chaetoceros compressus Lauder
Chaetoceros debilis Cl.

Chaetoceros diadema (Ehr.) Gran
Chaetoceros furcellatus Bail.

Chaetoceros ingolfianus Ostf.
Chaetoceros mitra (Bail.) Cl.
Chaetoceros septentrionalis Oestr.
Cocconeis scutellum Ehr.

Coscinodiscus asteromphalus Ehr.
Coscinodiscus marginatus Ehr.
Coscinodiscus oculus-iridis Ehr.
Cyclotella striata (Kutz.) Grun.

Detonula confervaceae (Cl.) Grun.
Diploneis smithii (Breb.) Cl.

Diploneis smithii v. pumila (Grun.) Hust.
Diploneis subcincta (A.S.) CL

Fallacia forcipata (Grev.) Stickle and Mann
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72}

Fossula arctica Hasle, Syvertsen and von Quillfeldt p, s-1
Fragilariopsis cylindrus (Grun.) Krieger p, s-i
Fragilapiopsis oceanica (Cl.) Hasle p, s
Melosira arctica (Ehr.) Dickie p, s-i

Melosira juergensii Agardh s
Melosira nummuloides (Dillw.) Agardh
Navicula cariana v. detersa Grun.
Navicula digitoradiata (Greg.) Ralfs
Navicula distans Smith

Navicula gelida Grun.

Navicula imperferta Cl.

Navicula kariana v. detersa Grun.

©w L »nnn

Navicula kryophila CL

Navicula peregrina (Ehr.) Kutz.
Navicula punctulata W.Sm.

Navicula transitans Cl.

Navicula transitans v. derasa Grun.
Navicula trygonocephala Cl.

Navicula valida Cl.

Navicula vanhoeffenii Gran

Nitzschia delicatissima Cl.

Nitzschia frigida Grun.

Nitzschia laevissima Grun.

Nitzschia polaris Grun.

Nitzschia scabra Cl.

Paralia sulcata (Ehr.) Cl.

Pinnularia quadratareae A.S.
Pleurosigma angulatum (Queck.) W.Sm.
Pleurosigma stuxbergii Cl.

Porosira glacialis (Grun.) Jurg.
Pseudogomphonema arctica Grun.
Pseudogomphonema groenlandicum Ostr.
Rhizosolenia hebetata f. semispina
Stenoneis inconspicua Greg.

Synedra tabulata (Ag.) Kutz.
Thalassionema nitzschioides Grun.
Thalasiosira antarctica Comber
Thalassiosira baltica (Grun.) Ostenf.
Thalassiosira bioculata (Grun.) Ostenf.
Thalassiosira constricta Gaard.
Thalassiosira gravida Cl.

Thalassiosira hyalina (Grun.) Gran
Thalassiosira hyperboreae (Grun.) Hasle and Lange
Thalassiosira nordenskioeldii Cl.
Thalassiothrix longissima Cl. and Grun.
Trachineis aspers (Ehr.) Cl.
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good correspondence of the freshwater diatom distrib-
ution in the surface sediments with the main pattern
in surface water salinity indicates a clear link to the
riverine sources of the eastern Lena River delta (Fig.
1). Comparisons with detailed mapping of surface sal-
inities show that proportions in freshwater diatoms
higher than approximately 70% are associated with
salinities well below 6 (Bauch et al. 2000). Away from
the marginal zone of the delta, in areas with salinities
larger than 10-15, the relative abundance of fresh-
water diatoms steeply decreases (see also Fig. 1). This
strong relation between river water and distribution in
freshwater species is further corroborated by a good
correlation between the position of the 20% isoline
with the winter mean distribution of silicon (Pivovarov
et al. 1999). Northward of the 20% isoline the relative
abundance of freshwater diatoms sharply decreases
due to enhanced proportions of marine diatoms.

In the Laptev Sea, the sea-ice species group is dom-
inated by Fragilariopsis oceanica, F. cylindrus, and
Fossula arctica (Cremer 1998, 1999). The maximum
relative abundance of sea-ice species in surface sed-
iment assemblages from this region may be as high as
60% (Fig. 3). From this pattern it becomes apparent

that the relative abundance of the sea-ice group is
associated with the region dominated by pack ice.
Notable is a significant steep increase in sea-ice dia-
toms (>~20%) to the north of the flaw polynya (Fig.
3).

Marine planktic diatoms of the surface assemblages
are dominated by neritic species such as Thalassiosira
nordenskioeldii, T. gravida, and T. antarctica which
can comprise up to 32% north of the flaw polynya
(Cremer 1999). The typically brackish water taxa of
the genus Thalassiosira (T. hyperborea, T. baltica),
along with spores of Chaetoceros spp., dominate in the
southeastern part of the Laptev Sea where the
influence of freshwater is most pronounced (Cremer
1999).

Downcore distribution pattern in diatom groups

Approximately 300 species and varieties of diatoms
have been recognized in core PM9482-2. Abundant
diatoms were encountered in all samples (Fig. 4) with
concentrations generally increasing downcore (up to
1.8 million valves/g). Distribution patterns of the total
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Fig. 3 Relative proportions of
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concentrations of diatom valves as well as of the main
ecological groups (freshwater diatoms, marine dia-
toms, sea-ice diatoms) are characterized by a high var-
iability throughout the core section.

On the basis of the downcore distribution in Fig. 4
three main intervals are recognized: highest concentra-
tions occur between 340 and 245 cm core depth and

PM9482-2

n

-

Total Sum
(mill. valves/g)

0.5

(mill. valves/g)

Sea-Ice Diatoms  Freshwater Diatoms

(mill. valves/g)

Marine Diatoms
(mill. valves/g)

50 100 150 200

Depth (cm)

250 300 350

Fig. 4 Downcore distribution of diatom valve concentration for
the various ecological groups (note the different vertical scales)

intermediate number of valves between depth 245 and
125 cm. Lowest abundance is observed for the remain-
ing upper part with the exception of the surface sam-
ple which was added to the core from the trigger box
corer. This surface sample reveals an unusually high
number of marine diatoms and sea-ice diatoms,
respectively, whereas the freshwater group remains on
its relatively low abundance level. Direct comparison
of all abundance records reveal that minima and max-
ima covary well. This may be caused by variations in
productivity or a silicon deficit in sea water and/or
pore water leading to diatom dissolution; however,
robust as well as more delicately built taxa were found
throughout the core.

Freshwater, mainly riverine, diatoms predominate
both taxonomically (two-thirds of total taxonomical
diversity) and quantitatively (up to 83%) in the entire
core (Fig. 5). The total variability of this group varies
mainly between 80 and 60% with a substantial number
of samples being well above 70%. Planktic species of
the genus Aulacoseira (A. subarctica, A. italica, A.
granulata, A. islandica) are most important among the
freshwater group, ranging from 12 to 43%. The lowest
relative abundance of freshwater diatoms (<60%) is
observed near the bottom of the core and in the
uppermost few samples. This notable steep decreasing
trend in freshwater species towards the sediment sur-
face commenced at 25 cm core depth and ends in a
minimum showing less than 20%.

The marine diatom assemblage in core PM9482-2
largely comprises sea-ice species (Fig. 5; Table 2).
This species assemblage is composed mainly of Fos-
sula arctica, Fragilariopsis grunowii, and F. cylindrus.
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Fig. 5 Downcore distribution of the three main ecological
groups of diatoms expressed in relative abundances. Dashed
lines indicate the 70 and 20% levels, respectively

Significant proportions of this group larger than 20%
are recognized within the lowermost meter of the
core, around 160 and 105 cm core depth. Highest pro-
portions of up to 56% are found in the surface sample
due to the consistently low numbers in freshwater dia-
toms in the uppermost part of the core (see Fig. 4).
The coeval increase to more than 80% in both marine
diatom groups seems intriguing, particularly because
of the increase in planktic and sublittoral species
which otherwise remain insignificant throughout the
entire core.

Chronology and downcore sediment characteristics

The marine radiocarbon dates reveal that the base of
the core yields an age of approximately 2800 cal. years
BP (Fig. 6). The age based on the wood fragment at
161 cm is 700 years younger, indicating rapid deposi-
tion of the lowermost ~180 cm of the core. The age
reversal found at 273 cm core depth seems negligible
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Fig. 6 Radiocarbon ages (in calendar years BP) conducted on
core PM9482-2 and records of sediment density and total sum of
diatom valve concentrations (per gram of dry sediment)

because it is within the 1-¢ error of the lowermost two
dates (Table 1).

Compared with the lower part of the core, the
upper 100 cm appear to be young. That the top sec-
tion of the investigated site is relatively young and the
bottom no older than 3000 years BP is also confirmed
through analyses of both Cs'*” on the short trigger
box core from the same site (core PM9482-1) and
HOPbgypported 0N PM9482-2, respectively (H. Erlen-
keuser, unpublished data). A major change, however,
becomes apparent between the wood age at 161 cm
and the next youngest date at 111 cm core depth.
Between these two dates, the density data indicate a
clear decrease. Density values found below 823 cal.
years BP are higher and, moreover, relatively con-
stant. These higher values may suggest a lower sed-
imentation rate and/or a different sediment than
above. This assumption of higher sedimentation rates
in the lower 200 cm than above gains support from
the observed higher concentration of diatom valves
found in this core interval. Another explanation for
the marked change in age and density values could be
a hiatus. But even X-rays could not give evidence of
erosional feature in this core section. Moreover, the
sediment composition is fairly uniform throughout
most of the core (Dehn et al. 1995).

Several factors could have additonally influenced
the marine radiocarbon dates in core PM9482-2. These
may be connected with the burrowing nature of the
infaunal species P. arctica, or with the fact that we
have used the intercept method instead of the interval
method to calibrate calendar years (Stuiver et al.
1998). Another possibility are variations in the reser-
voir age due to either changes in the geographical
position of the flaw polynya with its increased rate of
vertical convection and/or the amount of river runoff
which may have a different reservoir age due to hard-
water effect. Other problems arise from the radiocar-
bon date obtained from the wood sample. Although it
gave a reasonable age that fits between the other ages
in this core section, a large uncertainty remains due to
its allochthonous nature making it problematic to
include into a marine-based chronology. Interesting in
the context of the core chronology, however, is that
the diatom valve concentrations fluctuate evenly, i.e.,
troughs and peaks are defined through several points
(Fig. 6). This is not expected if more erratic changes
in sedimentation, such as erosion, occur. Therefore,
the recorded coeval variations in diatom valve concen-
trations are more likely the result of changes in the
rate of total sediment deposition caused by a variable
input of total sediments to the site.

Late Holocene changes in freshwater runoff
and sea-ice regime

The modern physical and chemical variations in
hydrological conditions in the Laptev Sea are inevita-



bly linked to the input of Lena river water (Dmi-
trenko et al. 1998; Pivovarov and Smagin 1995). The
distribution of the main ecological groups of diatoms
in surface sediments from this region shows a strong
relationship to salinity, general ice conditions as well
as hydrochemical features (Cremer 1999; Pivovarov et
al. 1999; see also Figs. 1, 2, 3). As a consequence of
that, the variations in the relative proportions of these
different ecological groups recognized in core
PM9482-2 during the past 2800 cal. years BP (Fig. 6)
should therefore also directly reflect past changes in
the environmental parameters, namely the input of
riverine freshwater and the distribution of drifting
pack ice, i.e., the position of the flaw polynya as the
boundary to the fast-ice regime (Dethleff et al. 1998).

The data from core PM9482-2 indicate that both
environmental indicator groups behave in a strong
antiphased manner (Fig. 7). As shown by the distrib-
ution of diatoms in surface sediments, the freshwater
group has proportions higher than 70% in close prox-
imity of the Lena River delta where surface salinities
are below 6 (Dmitrenko et al. 1999; Bauch et al. 2000;
see also Fig. 2). The sea-ice diatoms, on the other
hand, generally increased above the 20% level north
of the flaw polynya (Fig. 3). Using these two numbers
as thresholds three major phases showing significant
changes in environmental parameters are recognized
in core PM9482-2 (Fig. 7). The predominance of fresh-
water diatoms along most of the core sequence but
near the surface indicates that the study area has been
affected by intensive river runoff throughout the
investigated time period. The fact that the variability
remains above 60% implies that salinities were never
higher than 10-15 (Bauch et al. 2000). However, it
may well be that these high proportions in freshwater
diatoms are to some extent also the result of vari-
ations in the total amount of allochthonous sediment
material (including riverine and lacustrine-bog dia-
toms) supplied to the coastal zone through the main
delta channels (Ivanov and Piskun 1999) and/or due to
changes in productivity of marine diatom coenoses
alone. The variations observed in the sea-ice diatoms
remain mostly below the 20% level, indicating that
the study site was largely under the influence of the
fast ice and the flaw polynya. Only for phase 1 and
the uppermost core section can the inference be made
that the study area was within the area of pack ice
(Fig. 7).

Appreciating some chronological uncertainties of
core PM9482-2, which make a more detailed age-re-
lated interpretation speculative at present, the entire
studied interval covers the time of the Subatlantic
period. Palynological and oxygen isotope data from
northern Yakutia and Severnaya Zemlya archipelago
give evidence for a gradual climatic cooling and
decrease of summer air temperatures during this time
(Khotinsky 1984; Andreev and Klimanov 1990;
Makeev et al. 1991; Hahne and Melles 1999). The
high relative input of freshwater diatoms noted in
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Fig. 7 Inferred variabilities in river runoff (salinity changes) and
pack-ice cover north of the Lena river delta (ages in calendar
years BP). Also indicated is the 70 and 20% threshold (dashed
line in top and bottom graph, respectively). Both curves are
smoothed records of the relative abundances of sea-ice and
freshwater diatoms (data taken from Fig. 6)

phase 2 (Fig. 7) may therefore imply that this general
trend in cooling was accompanied by a steady, north-
directed water transfer from the Lena River delta.
This may have been caused by a higher net river run-
off or by enhanced water flow through the northern
part of the delta.

The major change in sea-ice conditions and river
runoff noted in the uppermost part of core PM9482-2,
during phase 3, is certainly outstanding compared with
the remaining variability in the core. The relative low
number of freshwater diatoms in the surface sample is
also verified in other samples (Fig. 2). Considering
that these surface samples may yield an average age
of several tens of years, the trend that commenced
with phase 1 seems realistic (Fig. 7). It implies that
the main direction of riverine outflow from the delta
has changed significantly from north to east during
most recent time. Whether this was indeed induced by
a climate change (e.g., Little Ice Age) is a tempting
hypothesis; however, it remains speculative at present
due to the uncertainty in the core chronology.

Summary and conclusions

In this study we utilized a sediment core from north
of the large Lena River delta and near the mean mod-
ern position of the winter flaw polynya to identify
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paleoenvironmental changes during the past 2800 cal.
years BP. Using diatom assemblages, the temporal
variability of river runoff and sea-ice conditions was
the primary objective. Some of the pertinent results
provide a first insight into key elements which control
parts of the climate system in the Arctic presently.

The diatom assemblage in Laptev Sea surface sed-
iments can be subdivided on the basis of their ecology
into a freshwater and a marine group; the latter is
further distinguished into a sea-ice group and a group
comprising all other marine species. Due to strong sal-
inity gradients caused by enhanced river runoff during
summer, the distal areas of the delta are characterized
by a dominance in sea-ice diatoms and other marine
species. In contrast, the marginal zone of the delta,
especially toward the east, reveals proportions of
freshwater diatoms higher than 70% which correlate
with salinities below 6. As part of the marine species
group, the relative proportions of sea-ice diatoms
steeply increase above 20% north of the mean posi-
tion of the winter flaw polynya and within the general
area of drifting pack ice.

The downcore distribution patterns of the three
main ecological groups of diatoms during the investi-
gated time interval are characterized by some signifi-
cant variability, reflecting temporal changes in hydrol-
ogy and sea-ice conditions north of the Lena River
delta during the past 2800 cal. years BP. In general,
increased pack-ice conditions correlate with enhanced
salinities. Although salinities show some variations,
the study site remained under a dominantly riverine
influence for most phases that are recognized in the
core. In contrast, the relative abundance of sea-ice
species gives evidence that pack-ice conditions were
more severe during the oldest phase.

The most significant changes are observed in the
youngest core section when the relative abundance of
freshwater diatoms decreases from 80% down to
below 20%. This dramatic decrease is interpreted as a
major shift from a dominantly northward-directed riv-
erine outflow to the modern situation which is charac-
terized by a runoff pattern toward the east. It needs
to be tested, using more cores from the area around
the Lena River delta, whether this most recent change
in outflow pattern from the delta is connected to cli-
mate change or is simply a result of channel mirgation
within the delta.

In the context of the growing concern about the
response of the Arctic regions to environmental
change and its impact on global climate, the Laptev
Sea shelf and its Siberian hinterland are of particular
interest because of the many large rivers that dis-
charge onto this shelf, thereby constituting a key
source for the freshwater budget of the halocline in
the Arctic Ocean. Moreover, the shallow Laptev Sea
shelf is the major sea-ice production area in the Arc-
tic, ice which is generated in a flaw lead during the
long winter season. Both sea-ice and freshwater link
the Siberian shelves to the Arctic Ocean and the Nor-

dic seas via the Transpolar Drift. Given the variability
on decadal and in particular on longer timescales, the
dispersal and fate of river discharge and its role on
the ice regime as well as on water mass properties are
a central issue in understanding long-term changes
beyond the Laptev Sea region.

Acknowledgements The authors are indebted to the crew and
scientists onboard RV Professor Multanovsky during expedition
TRANSDRIFT II. The article benefitted from useful discussions
with I. Dmitrenko on the processes related with the Laptev Sea
flaw polynya. We also thank the team from the Leibniz Lab-
oratory in Kiel for conducting AMS radiocarbon analyses and
the two referees, N. Ko¢ and R. Scherer, for their helpful com-
ments. This study was financed by the German and Russian
ministries for science and technology through the project System
Laptev Sea and is part of the ESF program Quaternary Environ-
ment of the Eurasian North (QUEEN). All downcore data are
available online through the data bank system Pangaea
(http://www.pangaea.de).

References

Aagaard K, Carmack EC (1989) The role of sea ice and other
fresh water in the Arctic circulation. J Geophys Res
94:14485-14498

Andersen OGN (1989) Primary production, chlorophyll, light,
and nutrients beneath the Arctic sea ice. In: Herman Y (ed)
The Arctic seas. Climatology, oceanography, geology, and
biology. Van Nostrand Rheinhold, New York, pp 147-192

Andreev AA, Klimanov VA (1990) Environmental changes in
Yakutiya during the last 11,000 years. In: Derevyanko A
(ed) Chronostratigraphy of the palaeolithic period of the
northern, central and eastern Asia and America. Proc Int
Symp Novosibirsk, pp 22-27 (in Russian)

Battarbee RW (1973) A new method for estimation of absolute
microfossil numbers, with reference especially to diatoms.
Limnol Oceanogr 18:647-653

Bauch D, Schlosser P, Fairbanks R (1995) Freshwater balance
and the sources of deep and bottom waters in the Arctic
Ocean inferred from the distribution of H, '80. Prog Ocea-
nogr 35:53-80

Bauch HA (1999) Planktic foraminifera in Holocene sediments
from Laptev Sea and Central Arctic Ocean: species distrib-
ution and paleobiogeographical implication In: Kassens H,
Bauch HA, Dmitrenko I, Eicken H, Hubberten H-W, Melles
M, Thiede J, Timokhov L (eds) Land-ocean systems in the
Siberian Arctic: dynamics and history. Springer, Berlin Hei-
delberg New York, pp 601-614

Bauch HA, Cremer H, Kunz-Pirrung M (2000) Siberian shelf
sediments contain clues to paleoclimate forcing. EOS
80:233-238

Cremer H (1998) Die Diatomeen der Laptevsee (Arktischer
Ozean): Taxonomie und biogeographische Verbreitung. Rep
Polar Res 260:1-205

Cremer H (1999) Spatial distribution of diatom surface sediment
assemblages on the Laptev Sea shelf (Russian Arctic). In:
Kassens H, Bauch HA, Dmitrenko I, Eicken H, Hubberten
H-W, Melles M, Thiede J, Timokhov L (eds) Land-ocean
systems in the Siberian Arctic: dynamics and history. Sprin-
ger, Berlin Heidelberg New York, pp 533-552

Dehn J, Kassens H, Shipboard Scientific Party (1995) The sed-
imentary environment of the Laptev Sea: preliminary results
of the TRANSDRIFT II expedition. Rep Polar Res
176:314-323

Dethleff D, Niirnberg D, Reimnitz E, Saarso M, Savchenko YP
(1993) East Siberian Arctic Region Expedition *92: the Lap-
tev Sea - its significance for the Arctic sea-ice formation and
transpolar sediment flux. Rep Polar Res 120:1-74



Dethleff D, Loewe P, Kleine E (1998) The Laptev Sea flaw
lead: detailed investigation on ice formation and export dur-
ing 1991/1992 winter season. Cold Regions Sci Tech
27:225-243

Dickson B (1999) All change in the Arctic. Nature 397:389-391

Dmitrenko IA, Golovin PN, Gribanov VA, Kassens H, Hole-
mann J (1998) Influence of the summer river runoff on the
ice formation in the Kara and Laptev seas. In: Shen HT (ed)
Ice in surface waters. Proc 14th Int Ice Symp Potsdam, New
York, pp 251-257

Dmitrenko I, Golovin P, Gribanov V, Kassens H (1999) Ocea-
nographic causes for transarctic ice transport of river dis-
charge. In: Kassens H, Bauch HA, Dmitrenko I, Eicken H,
Hubberten H-W, Melles M, Thiede J, Timokhov L (eds)
Land-ocean systems in the Siberian Arctic: dynamics and
history. Springer, Berlin Heidelberg New York, pp 73-92

Dzinoridze RN (1978) Diatoms in the bottom sediments of the
Barents Sea. In: Jouse AP (ed) Marine micropaleontology:
diatoms, radiolarian, silicoflagellates, foraminifers, calcareous
nanoplankton. Nauka, Moscow, pp 41-44 (in Russian)

Environmental Working Group (1998) Oceanography atlas for
the summer period. In: Timokhov L, Tanis F (eds) Joint U.S.
Russian Atlas of the Arctic Ocean, University of Colorado,
Boulder, version 1.0

Hahne J, Melles M (1999) Climate and vegetation history of the
Taymyr Peninsula since Middle Pleistocene time: palynologi-
cal evidence from lake sediments. In: Kassens H, Bauch HA,
Dmitrenko I, Eicken H, Hubberten H-W, Melles M, Thiede
J, Timokhov L (eds) Land-ocean systems in the Siberian
Arctic: dynamics and history. Springer, Berlin Heidelberg
New York, pp 407-424

Heiskanen A-S, Keck A (1996) Distribution and sinking rates of
phytoplankton, detritus, and particulate biogenic silica in the
Laptev Sea and Lena River (Arctic Siberia). Mar Chem
53:229-245

Ivanov VV, Piskun AA (1999) Distribution of river water and
suspended sediment loads in the deltas of rivers in the Lap-
tev Sea and East-Siberian Seas. In: Kassens H, Bauch HA,
Dmitrenko I, Eicken H, Hubberten H-W, Melles M, Thiede
J, Timokhov L (eds) Land-ocean systems in the Siberian
Arctic: dynamics and history. Springer, Berlin Heidelberg
New York, pp 239-250

Kassens H, Dmitrenko I (1995) The TRANSDRIFT II expedi-
tion to the Laptev Sea. In: Kassens H (ed) Laptev Sea sys-
tem: expeditions in 1994. Rep Polar Res 182:1-180

Kassens H, Dmitrenko I, Timokhov L, Thiede J (1997) The
TRANSDRIFT III expedition: freeze-up studies in the Lap-
tev Sea. Rep Polar Res 248:1-192

Kassens H, Dmitrenko I, Rachold V, Thiede J, Timokhov L
(1998) Russian and German scientists explore the Arctic’s
Laptev Sea and its climate system. EOS 79:317-323

Khotinsky NA (1984) Holocene vegetation history. In: Velichko
AA (ed) Late Quaternary environments of the Soviet Union.
Longman, London, pp 179-200

Kuptsov VM, Lisitzin AP (1996) Radiocarbon of Quaternary
along shore and bottom deposits of the Lena and the Laptev
Sea sediments. Mar Chem 53:301-311

Makeev VM, Bolshiyanov DY, Verkulich SR (1991) Holocene
air temperatures. In: Krutskikh BA (ed) The arctic climate
regime at the boundary between the 20th and 21st centuries.
Gidrometeoizdat, Leningrad, pp 160-186 (in Russian)

577

Melnikov TA (1989) Ecosystem of the Arctic sea-ice. Nauka,
Moscow (in Russian)

Pivovarov SV, Smagin VM (1995) The distribution of oxygen
and nutrients in the Laptev Sea in summer. Rep Polar Res
176:135-141

Pivovarov SV, Holeman JA, Kassens H, Antonow M, Dmi-
trenko I (1999) Dissolved oxygen, silicon, phosphorous and
suspended matter concentrations during the spring breakup
of Lena River. In: Kassens H, Bauch HA, Dmitrenko I,
Eicken H, Hubberten H-W, Melles M, Thiede J, Timokhov
L (eds) Land—ocean systems in the Siberian Arctic: dynamics
and history. Springer, Berlin Heidelberg New York, pp
251264

Polyakova Yel (1994) Peculiarities of diatom thanatocoenoses
formation in the bottom sediments of the Eurasian Arctic
Seas. Oceanology 34:405-414

Polyakova Yel (1997a) The Holocene era of the Arctic seas of
Eurasia: diatomaceous stratigraphy and paleoceanology.
Oceanology 37:269-278

Polyakova Yel (1997b) The Eurasian Arctic seas during the
Late Cenozoic. Nauchnyi mir, Moscow (in Russian)

Polyakova Yel (1999) Holocene diatom stratigraphy and paleo-
ceanography of the Eurasian Arctic Seas. In: Kassens H,
Bauch HA, Dmitrenko I, Eicken H, Hubberten H-W, Melles
M, Thiede J, Timokhov L (eds) Land-ocean systems in the
Siberian Arctic: dynamics and history. Springer, Berlin Hei-
delberg New York, pp 615-634

Poulin M (1990) Ice diatoms: the Arctic. In: Medlin LK, Priddle
J (eds) Polar marine diatoms. British Antarctic Survey and
National Environmental Research Council, Cambridge, pp
15-18

Rahmstorf S (1995) Bifurcations of the Atlantic thermohaline
circulation in response to changes in the hydrological cycle.
Nature 378:145-149

Rusanov VP, Yakovlev NI, Buinevich AG (1979) Hydrochemi-
cal regime of the Arctic Ocean. Gidrometeoizdat, Leningrad
(in Russian)

Saidova KM (1994) Ecology of the shelf foraminifers and Holo-
cene paleoenvironment of the Bering and Chukchi Seas.
Nauka, Moscow (in Russian)

Schlosser P, Bauch D, Fairbanks R, Bohnisch G (1994) Arctic
river-runoff: mean residence time on the shelves and in the
halocline. Deep-Sea Res 41:1053-1068

Sirenko BI, Petryashov VV, Rachor E, Hinz K (1995) Bottom
biocoenoses of the Laptev Sea and adjacent areas. Rep Polar
Res 176:211-221

Smith SD, Muench RD, Rease CH (1990) Polynyas and leads:
an overview of physical processes and environment. J Geo-
phys Res 95:9461-9479

Stuiver M, Reimer PJ, Bard E, Beck JW, Burr GS, Hughen KA,
Cromer B, McCormic G, van der Plicht J, Spurk M (1998)
INTCAL 98 radiocarbon age calibration, 24,000-0 cal BP.
Radiocarbon 40:1041-1083

Zakharov VF (1966) The role of flaw polynya off the edge of
fast ice in the hydrological and ice regime of the Laptev Sea.
Okeanologiya 6:815-821 (in Russian)

Zakharov VF (1996) Sea-ice in climatic systems. Gidrometeoiz-
dat, St. Petersburg (in Russian)


https://www.researchgate.net/publication/226317909

