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Phytoplankton and suspensions in relation
to the freshwater in Arctic coastal marine ecosystems

ABSTRACT: Suspended matter, phytoplankton and light attenuation were investigated in
various North East Greenland, Svalbard, and Siberian river mouths in 1992-1994. The amount
of mineral suspensions well correlated with freshwater discharge in the case of tidal glacier
bays, while such correlation in Siberian rivers and pack ice meltwater was not found. Fresh-
water phytoplankton species were found in Siberian estuaries only, and in two other ecosys-
tems marine and ice phytoplankton species prevailed. The light attenuation connected with
freshwater discharge seems to be a key factor limiting primary production in coastal Arctic
waters in the summer. The amount of glacial suspensions well correlated with the salinity drop
in the case of Svalbard, while Siberian river estuaries produced very turbid waters with the
suspension loads not correlated to freshwater or depth.
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Introduction

The freshwater balance in the Arctic is one of the key factors regulating the
climatic and hydrographic regime of the area. It is an especially vulnerable
element of climate fluctuations (Skreslet 1986, Aagard and Carmack 1989). The
Siberian rivers are regarded as the main source of freshwater on the scale of the
entire Arctic Basin (Aagard and Carmack 1989, Schlosser et al. 1994), however
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Fig. 1. Major sources of freshwater in the Arctic.

ice pack melt and glacial discharge may contribute significantly to the local
freshwater budget (Westawski et al. 1995, AOSB 1996; Fig. 1). Riverine dis-
charge in the Russian Arctic is in the focus of several recent research pro-
grammes (SPASIBA, Laptev Sea Project, APARD, ISIRA). We have collected
data from the three different regimes of Arctic, brackish and coastal waters. The
region is influenced by pack ice (North East Greenland Polynya), by glacial
discharge (Svalbard fjords—Kongsfjorden) and by riverine outflow (Barents-
Kara Sea, mouth of Pechora and Ob—Yenisey). The problem of freshwater budget
in Arctic fjord and its consequences have been presented previously in Westaw-
ski et al. (1991a), Westawski et al. (1995) and Beszczyiiska-Moller et al. (1997).
A more general reveiw of the biological consequences of freshwater discharge
to the sea is given in Smetacek (1986).
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The aim of the present paper is to discuss two hypotheses in light of new
material. The working hypotheses for the present study were:

1) Because of its land origin, freshwater volume is positively correlated with
the amount of mineral suspensions in Arctic coastal waters. Less saline, sedi-
ment-laden brackish waters are limited to surface layers of the sea.

2) Freshwater input decreases biodiversity and productivity of phytoplankton
in Arctic ecosystems.

Materials and method

Original material used in the present study was collected during research
cruises of the r/v Oceania to Svalbard in 1992 (partly presented in Beszczynska-
Moller et al. 1997), to NE Greenland on board the r/v Polarstern in 1993 (partly
presented in Westawski et al. 1997), and to the Barents and Kara seas on board
the t/v Jakov Smirnitsky in August 1994 (not yet presented). Data are included
from 38 stations of suspended matter measurements, and 54 stations with light
attenuation measurements, collected in the Pechora, Ob and Yenisey river
mouths. The following methods were used during the field work:

1. STD profiling (SD-200 Bergen Sensor Minisonde)

2. Water samples for suspension analysis on 0.45 um Millipore Filters, data
presented in mineral matter weight, after combusting filters in 450 deg C

3. Transmitometer profiling on 660 nm wave length (light attenuation coef-
ficient “c”/m1)

4. Phytoplankton analysis, under an inverted microscope (Utermohl method).
31 samples were analysed from NE Greenland, 60 samples from Kongsfjorden
and Hornsund (Spitsbergen) and 28 samples from Siberian river mouths. The
last collection was supplied with materials provided by Botanical Institute of
Russian Academy of Sciences in St. Petersburg.

Results

Suspensions and salinity

Three examples of suspended matter and salinity profiles for typical summer
situations are shown in Fig. 2. The profile from Svalbard (Kongsfjorden) shows
a high concentration of mineral suspensions in the surface water layer — fresh-
ened by glaciers’ outflow. The amount of suspensions drop from over 40 in the
surface water to less than 20 mg/dm3 below 10 m depth. The profile from East
Greenland shows much smaller suspension loads (5-15 mg/dm?3), concentrated
below the ice pack, which suggest sedimentation from the ice cover. There is a
separation of salinity minimum caused by meltwater in the uppermost 5 m and
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Fig. 2. Selected profiles of suspensions and salinity in examined water types. NEG — North East
Greenland, ice pack, JEN - Yenisey river mouth, SVA — Spitsbergen tidal glacier fjord.

maximum suspension at 15 m depth (Fig. 2). The profile from the Ob and
Yenisey rivers mouths show that the suspensions peak (30 mg/dm?3) occurred in
the near bottom water at 25-30 m, while salinity minimum was observed in the
upper 15 m (Fig. 3). Daily variability of suspension distribution is presented for
station 81 in the Ob mouth (Fig. 3a). The maximal values of suspension loads
range from 15 to 35 mg/dm3, but the general layout of the profile remains
constant, with maximum concentrations close to the bottom of the river. More







































