Scientific Cooperation in the Russian Arctic:
Ecology of the White Sea
with Emphasis on its Deep Basin

Edited by Eike Rachor

Ber. Polarforsch. 359 (2000)
ISSN 0176 - 5027

Contents
Foreword ....................................................................................... 1
A. R e v i e w s

General features of the White Sea. Morphology, sediments, hydrology,
oxygen conditions, nutrients and organic matter.
Berger, V. Ya. & Naumov, A.D.. ...................................................... .3
Geochemical investigations in the White Sea.
Strekopytov, S. .......................................................................... 10
Life in the depth of the White Sea - What is known about it.
Galkina, V. N., Fedyakov, V.V. & Naumov, A.D ................................. 14
Deep-water meiobenthos research in the White Sea.
Mokievsky, V. ........................................................................... 2 1
The White Sea Basin phytoplankton - a review.
Rat'kova, T.N.. ..........................................................................
23
Zooplankton of the White Sea . History of investigations and the present state
of knowledge - a review.
Pertzova, N.M. & Kosobokova, K.N. ............................................... 30
Macroplankton and rnicronekton
Spiridonov, V. ........................................................................... 42
B. Original articles
On the macro-invertebrate sublittoral bottom fauna in the White Sea with cornrnents On its zoogeography
Deubel, H. ................................................................................ 43
New results on the macro-zoobenthos of the White Sea deep basin
Part 1. Macrobenthos of the White Sea deep basin
Naumov, A.D. & Fedyakov, V.V. .................................................... 54
New results on the macro-zoobenthos of the White Sea deep basin
Part 2. Small benthic organisms and juveniles of macrobenthic species
in the White Sea deep-water assemblage
Naumov, A.D. & Fedyakov, V.V. ...................................................72
Phytoplankton composition in the White Sea Basin
in summer - autumn 1998 and 1999
Rat'kova, T.N. .......................................................................... 97

Foreword
The White Sea as an ,,intemalL'Russian water was out of bounds of the majority of
western scientists for decades until the early 1990s. Nevertheless, this sea became one of the
best investigated in the Soviet Union, although a great part of this knowledge has not been
been accessible to much of the international scientific cornrnunity because of linguistic and
former political reasons.
In 1993, the Zoological Institute of the Russian Academy of Sciences in St.
Petersburg, and the Alfred-Wegener-Institute for Polar and Marine Research

in

Bremerhaven, initiated cooperative studies in benthic ecology and ecophysiology at the White
Sea Biological Station (WSBS) at Cape Kartesh (Chupa Inlet, Kandalaksha Bay). This
cooperation has proven very successful, and, by including research groups from Moscow
State University, the P.P. Shirshov-Institute of Oceanology as well as from VNIRO, a
research proposal was made to INTAS (International Association for the promotion of cooperation with scientists from the New Independent States of the former Soviet Union,
Brussels) to investigate the ecology of the the deep basin bart of the White Sea, which
previously had been poorly studied.
As a baseline for this and other future cooperation, short review Papers about the
existing, mainly Russian, knowledge have been prepared, which form the bulk of this
specific issue of ,,Berichte zur Polarforschung". A few more articles deal with the
zoobenthos of the basin and results obtained during the new Russian-German cooperation in
the White Sea, the majority of which was financed by INTAS.
The editor acknowledges the support given by all Russian Partners for this work, but,
also the subsistence provided by INTAS and his home institute (AWI). Editing work was
partly aided by Ksenia Kossobokova (Moscow), Alina Agatova (Moscow) and most of the
authors, to whom I am indebted especially for answering the many exhausting questions I
raised after first reading.
During editing I learned that another, more general, review booklet is being prepared
by Russian and Norwegian colleagues (eds. Berger & Dahle). I hope that both together will
help scientists to plunge more deeply into the ecology of the not-so-blank White Sea.
April 2000
Eike Rachor
Editor of this specific volume
Alfred Wegener Institute for Polar and Marine Research, Bremerhaven, Germany

Fig. 1: The White Sea

A. Reviews

General features of the White Sea
Morphology , sediments, hy drology ,
oxygen conditions, nutrients and organic matter
V. Ya. Berger, A. D. Naumov
Zoological Institute, RAS, St. Petersburg
The White Sea (Beloe Morye) belongs to the marginal seas of the Arctic Ocean. It is
connected with the Barents Sea by a 50 km wide and shallow strait, named Gorlo, and the
spacious northernmost water area known as Voronka. According to Sailing Manuals, the
northern boundary of the White Sea is the line connecting Capes Svyatoy Nos and Kanin
Nos (Fig. 1). The area of the White Sea is equal to 89,600 km2, its volume is 5,400 km3, the
average depth - 60 m and its maximal depth - 343 m (Babkov, Golikov, 1984).
The coast line of the Kandalaksha and Onega Bays is of complicated configuration with a
lot of islands and inlets. The western coast is hilly, while the eastem one is mainly lowland.
In some places the altitude of the Kandalaksha shore reaches 650 m. The western coasts of
the sea are formed mainly by granite cliffs. Clayey flats and sandy beaches dorninate On the
eastern coast.
In the northern part, the Voronka, the depth reaches 60-70 m (Fig 2). It decreases
gradually to the South to 30-40 m. A fairly deep trough approaches Tersky Shore (Bereg)
connecting the Voronka with the profound part of the Gorlo. A shallow Zone lies along
Kanin Shore. Within the Mezen Bay, where the depth rarely exceeds 20 m, extended
shallows exist with a hollow-wise descent in the axial region as a continuation of the Mezen
river-bed. The average depth of the Gorlo Strait is about 40 m. There are some troughs and
ridges that stretch parallel to Tersky Shore in the West and Zimny (Winter) Shore in the East.
The bottom relief of the Dvina Bay is relatively smooth. In the southern and south-eastern
parts of the bay there are a number of banks. Depths over 100 m lie in the northern part of
the bay. The Onega Bay is stretched in north-west to south-east direction, with the largest
depth of about 50 to 60 m being localizied in its centre.
The deepest part of the White Sea, the Basin, occupies the central part of the sea. Depths
exceeding 200 m take up about a half of the total area of the Basin. The bottom relief of this
region is characterized by local separate erninences and significant heights at its periphery.
The Kandalaksha Bay is closely related to the Basin by its bottom relief. The greatest depth
of the sea - 343 m - is recorded just there in the vicinity of Cape Tury. Towards the NorthWest the depth of Kandalkasha Bay sharply rises up to 100 - 50 m.

Fig 2: Bathymetric map of the White Sea. Depth contours in metres

Bottom sediments of the White Sea are very different by their mechanical composition
(Nevessky et al., 1977). A high content of sandy fractions (about 70% ) is characteristic for
the northern shoal of the sea and the Gorlo. Only near Cape Kanin Nos the content of sandy
fractions decreases considerably (10-30 %), due to the enrichment of the sediments with
aleurite (mainly silt) components. Pebble and gravel components are contained in certain
regions OSthe Voronka, Gorlo and Mezen Bay in amounts OSabout 30-50% and even more.
Near Tersky Shore (in the North) sands contain many bivalve and barnacle shells. In the
Basin area this coast is framed with a narrow stripe of sediments comprising up to 70% of
sand or is built OSsandstone cliffs. As the depth increases, the sediments become gradually
enriched in fine-grained material. In the deep part of the Basin the amount of pelite (clayey)
components reaches 70-90%. This Sraction dominates in the deepest parts of the Dvina Bay
also, whereas sand is concentrated in the shallow area due the intensive water movements
there. In the Kandalaksha Bay pelite sediments lie in the deepest zones while at depths of less
than 100 m sand and silt dominate. In the Onega Bay large areas of the bottom are occupied
by sands or sandy aleurite fractions. More information, especially about sediment
geochemistry, is found in the contribution of Strekopytov (this volume).

In the Voronka and Gorlo the surnmer temperature of the water at the surface is about 6-8'
C. In the Gorlo vertical homothermy is observed due to the strong turbulent water movement
caused by the tidal wave. In the Onega Bay one can find a similar situation. The only
difference is that in surnrner the temperature of its water is a little bit higher - about 9-12' C.
In the Onega and Kandalaksha Bays, the Basin and the top of the Dvina Bay, in summer,
waters are warmed more (up to 15-20ÂC) than in the Voronka, Gorlo and Mezen Bay. Due
to intensive water circulation summer warming is still effective to water layers about 15 m
deep. Below that level the water temperature sharply decreases and reaches negative values at
the depth of about 50-60 m. The lowest temperature, about -1.5O C, is registered in the deep
water hollows of the White Sea (Derjugin, 1928). The temperature of surface water in winter
is close to the water freezing point at corresponding salinity.
The salinity OSthe White Sea is considerably lower than that of the Barents Sea. This is
due to a bulk Sresh water run-off and lirnited water exchange with the Barents Sea. The
salinity of the surface waters in the Basin and Open parts of bays varies from 24 to 27 psu

(%o).

The salinity of deep water regions of the sea is about 29.5-30 (Derjugin, 1928, and

own measurements). However, in the estuaries of large rivers it falls down to 5-8 and even
less. In the Gorlo, the water salinity reaches 29 near Tersky Shore, and 24 near Zimny
Shore. Further to the North salinity increases up to 32 at the boundary with the Barents Sea
(Naumov, Fedyakov, 1991). Sharp seasonal variations of surface water salinity are typical
for the White Sea, which can be explained by the dynarnics of freshwater inflow. Freshening
OSsurface water begins in winter when the sea is covered with ice. The most prominent

decrease in salinity of the upper layer is observed in April-May just before and during the
period of ice-melting (Babkov, Lukanin, 1985).
Like in most seas of the Northern hemisphere, a permanent current circumscribes the
White Sea in counter-clockwise direction. Besides, it forms separate gyres. In the insular
regions of the sea, particularly in the Onega and Kandalaksha Bays, the Pattern of stable
currents is extremely complicated. The average velocity of the relatively stable currents is
comparably low: not more than 10-20 c d s .
The tides in the White Sea are regular serni-diurnal (in the Gorlo and near Tersky shore)
and shallow (asyrnrnetrical) semi-diumal in the other parts of the sea. The tidal wave Comes
from the Barents Sea into the Voronka and Gorlo causing in the mouth of the Mezen River
very high tides, reaching 8-9 m. In the Basin and bays the amplitude of the tide decreases
and does normally not exceed 2-2.5 m. The speed of tidal currents is rather high and reaches
5 knots in the Gorlo and 2 knots in the Onega Bay (Oceanographic conditions ..., 1991).
In the water balance of the White Sea an essential role is played by the river run-off
delivering about 95% of net fresh water entering the sea. Evaporation and precipitation
practically compensate each other. The river freshet determines seasonal variations of the
water exchange between the Barents and White Seas. The spring flood in May-June provides
about 50% of the annual delivery of river water. Consequently, at this time the exchange
between the seas is intensified. 240 km3 of land runoff waters flowing into the White Sea,
after transformation, outflow from it annually. Total annual water outflow is 450-600 km3;
accordingly, there a substantial water renewal from the Barents Sea, 220-390 km3. The
theoretical ,,layer" of river inflow water in the White Sea amounts to 2.6 m per year, the layer
of precipitation - about 37 cm, evaporation - about 24 Cm. But, seasonal variations of the
sea level do not exceed a few centimetres (Elisov, 1997).
Waters of the White Sea contain a relatively big amount of oxygen, varying from 6.06 to
8.59 mlll. The most aerated are surface waters of the Onega Bay and Gorlo. Nevertheless,
even in bottom layers of water in the Kandalaksha and Dvina Bays and at the maximal depth
of the Basin the oxygen content is rather high: 6.6-7.8 mlll (ca. 75-95 % saturation).
About 2 . 1 3 ~ 1 tons
0
of oxygen per year are advected to the White Sea with the Barents
Sea waters. This inflow is approximately equal (Maximova, 1991) to the out-flow to the
Barents Sea which makes 2 . 1 - 2 . 2 ~ 1 0tons per year. Therefore, the oxygen balance of the
White Sea is mainly determined by autochthonous processes. Oxygen inflow with river
waters and photosynthesis contribute to oxygen input besides absorbtion from the
atmosphere.
Data on the seasonal dynamics of oxygen content in water indicate that the surface waters
are most saturated with oxygen in spring. In summer and especially in autumn the amount of

oxygen decreases due to reduction in the photosynthetic activity, warming and intensification
of oxidative processes, mainly owing to respiration.
In the water of the White Sea biogenic elements (carbon, nitrogen, phosphorus, silicon
and rnicroelements) are present mainly in the form of organic compounds. Besides, they
undergo substantial seasonal variations. This occurs due to an intensive consumption of the
inorganic forms of these components during the period of spring growth of phytoplankton.
Inorganic nitrogen is present mainly in the maximally oxidized form, e.g. nitrates make
about 80% of all nitrogen containing inorganic substances. The average concentration of
nitrates in the White Sea varies from 52 mg/m3 at the surface to 70 and more mg/m3 near the
bottom. In the photic layer in spring the maximal concentration of nitrates (60 mg/m3) has
been discovered in the Onega Bay, the minimal - 20 mg/m3 -in the Basin.
Nitrite nitrogen, the share of which in the total inorganic nitrogen of the White Sea is not
more than 10%, does not play any significant role in supplying nitrogen to phytoplankton. In
the photic layer its content may be about 1.7 mg/m3. Maximum concentrations of nitrites rnay
occur in different water masses of the White Sea, e.g. sometimes in the Mezen and Onega
Bays, but, also in the Kandalaksha Bay and the Basin.
Arnrnonia nitrogen reaches maximal concentrations of about 20 m g / d in autumn after the
processes of arnmonification are completed. In winter its concentration falls 2-4 times.
Inorganic forms of phosphorus containing compounds are represented in the White Sea
water mainly by phosphates. The average concentration of phosphorus over many years is
equal approximately to 20 mg/m3. In the photic layer it does not exceed 15 mg/m3.
Though the concentration of phosphorus in the photic layer decreases significantly during
the peak of the vegetation period, it should be noted that it is seemingly still not the
minimum, limiting factor for the development of phytoplankton.
The content of silicon in the water of the White Sea varies considerably. Its concentration
does not reach the analytical Zero in the photic layer in the period of extensive blooming of
phytoplankton. According to the data recorded during many years (Maximova, 1991) the
content of silicon acid in the Mezen and Dvina Bays rnay not fall below 500 and 400 mg/m3,
respectively. The maximal content of silicon was registered in the water of the Dvina Bay 2000 mg/m3 and even more. In the deep regions the concentration of silicon is more or less
stabile over the whole sea: 450 mg/m3.
The classical stoichiometric ratio of the main biogenic elements (Si : N : P) in the Ocean
water is 20 : 7 : 1. In the photic layer of the White Sea this ratio may sometimes rise to 25 :
2.4 : 1. which indicates a shift towards an increased content of silicon and a decreased
content of nitrogen compared to the normal oceanic water. Hence, it can be concluded that
nitrogen, when present at minimal concentrations, may become a limiting factor for the
growth of phytoplankton and that its recycling rnay be of great significance for production
e.g. in summer.

The content of total organic matter in different water basins is usually estimated by
doubling the concentration of organic carbon. On average, 7 mgA of suspended and
dissolved organic compounds are contained in the White Sea waters. Their concentration
normally varies within a narrow range: 5-10 mgll. Higher concentrations of organic
substances are usually registered only near the mouths of rivers falling into the White Sea
(Maximova, 199 1).
The production of phytoplankton amounts to 3-4 Mio. C per year in the total balance of
organic matter. About 5.4 Mio. tons C are delivered with the river run-off. These organic
substances play a versatile role in energy processes in the sea. The quite labile organic matter
produced by phytoplankton is more important, since it is entirely included into the biological
energy and substance cycles. A Part of the allochthonous organic matter delivered with rivers
is utilized only slowly.
One can judge On the extent of the utilization of organic substances by the ratio of
biochemical consumption of oxygen to Permanganate oxidation (although permangante
reduction is influenced by additional factors). For a labile and easily assimilated organic
matter of plankton genesis this ratio is about 1. Lower values of the ratio indicate a greater
stability of organic compounds and their lesser capability to be assimilated. According to
available data (Maximova, 1991), in the White Sea, this Parameter normally varies from 0.5
to 0.75. Near river mouths, where the content of allochthonous organic matter is high, the
ratio is much lower: 0.15 - 0.25.
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Geochemical investigations in the White Sea
Stanislav Strekopytov

P.P.Shirshov Institute of Oceanology, RAS, Moscow
It is known that geochemical conditions in marine sedirnents, especially redox
properties of sediments, are very important for the ecology of benthic fauna. This fact
explains why the properties of the White Sea sedirnents have attracted the attention not
only of geologists, but also that of biologists (Derjugin, 1928). Geochemical studies of
the White Sea sediments were initiated in the 1920s after the expeditions of the Marine
Scientific Institute (Plavmornin), during which sediments were sampled from a transect
from the Dvina Bay to the Kandalaksha Bay and several Cross transects. Contents of
major chemical elements were determined, and it was shown that the surface layer of
sediments is enriched in Fe, Mn and P. Sediments were divided into two types by color:
brown or tan and gray with black spots. First determinations of reduced sulfur in the
White Sea sediments have shown that about 0.1% of acid volatile sulfides is a sufficient
content for the black coloration of sediment (Gorshkova, 1931). The brown-gray color
transition that was found downward the sediment core was explained by reduction
processes (Samojloff and Gorshkova, 1924).
The next stage in the geological and geochemical studies of the White Sea were
the expeditions of the Shirshov Institute of Oceanology (1964 - 1968). Results of these
investigations were presented in a monograph, "The White Sea: Sedimentogenesis and
Holocene Development", covering neariy all aspects of marine geology (Nevessky et
al., 1977). By now, this book is the most comprehensive source of geological and
geochemical data On the White Sea.
The distribution of major chernical elements and forrns of iron, as well as
contents of carbonate carbon, organic carbon and amorphous silica was studied for all
regions of the White Sea. The rnaxirna of contents of C , Fe, Mn, P, and Ti are located
in the deep parts of the White Sea Basin near the boundaries of the Kandalaksha Bay
and the Dvina Bay. The location of these maxima corresponds to the central parts of the
stationary cyclonic gyres (Nevessky et al., 1977). Content of rnanganese in the White
Sea sedirnents (up to 2% in the Basin) is higher than that in sediments of the other
Arctic seas (Gorshkova, 1966). The high content of manganese can be explained by its
transportation from the land in a form bound to humic substances and, then, deposition
in deep central parts. Though a comprehensive set of experimental data for the White
Sea sediments exists, diagenetic redox transforrnations in them were poorly

investigated. Contents of reactive iron that reflect to some extent the redox conditions
were obtained only for a few horizons of sediments (Kalinenko et al., 1972), and forms
of reduced sulfur have never been studied. It was shown that the upper part of the
sediment core (0.5-10 cm) is oxidized, and downward the column, the Fe (111) content
is decreased down to the limit of detection, while the Mn content is decreased to the
lithogenic background (0.04-0.07%)

(Kalinenko, 1975). In general, reduction

processes in the deep Basin sediments are quite slow in spite of the relatively high
content of organic carbon (1-2.5%). Gorshkova (1975) showed that the content of
humic substances in the sediments of the White Sea Basin is about 50% of the bulk
organic carbon content. The relatively low content of easily metabolizable organic matter
(OM) in the central part of the White Sea may lead to the weak diagenetic alterations in
sediments, e.g., low scales of sulfate reduction. Oxidized conditions in the surface layer
of sediments are supported by high concentrations of dissolved oxygen in deep waters
(typically >80% of oxygen saturation).
The rates of production of OM in littoral and sublittoral zones are of- great
interest because of the input of such OM to the deeper parts of the sea. In some inlets of
the Kandalaksha and Dvina bays the sediment content of C

increases up to 4%

reflecting the input of macroalgal and terrigenous, poorly metabolizable OM
(Gorshkova, 1975). The genesis of sublittoral OM can probably be studied using the
composition of humic acids: river-borne OM contains mainly high- and intermediatemolecular fractions of humic acids (Bek et al., 1992). The sublittoral Zone may also be
subjected to the consequences of human activities: Addition of metabolizable OM, for
example from the mariculture of mussels, may deteriorate the oxygen regime at the
bottom (Chivilev and Ivanov, 1997).
One of the characteristic features of the WlÅ¸t Sea sediments is the formation of
ferromanganese concretions. According to the opinion of V.V.Kalinenko (1988), FeMn aggregates are more abundant in the White Sea than in the other Arctic Seas, which
is in accordance with the higher content of Mn in sediments. The process of Fe-Mn ore
formation begins with thin oxyhydroxide cmsts and finishes with the formation of large
concretions (10-12 cm in diameter) (Samojloff and Gorshkova, 1924). Comprehensive
data on these Fe-Mn aggregates are presented in the Papers of Derjugin (1928) and
Gorshkova (1931), where flat and round concretions (from several mm to 10-12 cm in
diameter) and Fe-Mn crusts On bivalves and polychaete tubcs with different FeIMn ratio
are described. The role of the microbial cornrnunity in the forrnation of Fe-Mn
aggregates in the White Sea sediments was mentioned for the first time by Butkewitsch
(1928) and Perfiljew (1927). The rnicrobiological origin of the Fe-Mn crusts On the
shells of bivalves was proved by Zavarzin (1964), who has also shown that the

presence of the live mollusk itself is not necessary for the formation of a crust. The level
of Mn accumulation in the sediments of the White Sea and abundance of Fe-Mn
concretions in them are similar to those in the Kara Sea and in the semi-closed regions
of the Baltic Sea (Gulf of Bothnia and Gulf of Riga). According to Gorshkova (1967),
concentration of Mn in sediments depends on the amount of Mn supplied by river
runoff and the character of water exchange in the sea.

References
Bek, T.A., Sharnaud, N.M.,Schcherbakov, F.A., Potapova ,L.I. (1992): On the
genesis of organic matter in the recent sediments of the White Sea. Okeanologiya 32, N. 6 (in Russian).
Butkewitsch, W.S. (1928): Die Bildung der Eisenmangan-Ablagerungen am Meeresboden und die daran beteiligten Mikroorganismen. - Berichte des
Wissenschaftlichen Meeresinstituts Bd.III(3), p. 63-80 (in German).
Chivilev, S., Ivanov M. (1997): Response of the Arctic benthic cornrnunity to excessive amounts of nontoxic organic matter. - Mar. Poll. Bull. 35, N. 7-12, p.
280-286.
Derjugin, K.M. (1928): Fauna of the White Sea and conditions of its existence. Leningrad, State Hydrological Institute, Investigations of the Seas of the USSR,

N. 7-8 (in Russian).
Gorshkova, T.I. (193 1): Chemical and mineralogical studies of sediments of the
Barents and White Seas. - Trudy GOIN I, N. 2-3, p. 83-123 (in Russian).
Gorshkova, T.I. (1966): Manganese in bottom deposits of the northern seas of the
Soviet Union and its biological significance. - Trudy VNIRO 60, p. 89-102 (in
Russian).
Gorshkova T.I. (1967): Manganese in bottom deposits of the northern seas. - In:
Manganese ore deposits of the USSR. Moscow, Nauka, p. 117-134 (in
Russian).
Gorshkova, T.I. (1975): Organic matter of recent shelf sediments of the northern seas
of the USSR. - In: Problems in the Geology of the Shelf. Moscow, Nauka, p.
66-72 (in Russian).
Kalinenko, V.V. (1975): Iron in the White Sea sediments. - In: Problems in the
Geology of the Shelf. Moscow, Nauka, p. 91-94 (in Russian).
Kalinenko, V.V. (1988): Concretions of the White Sea and ferruginous aggregates On
the Arctic shelf. - Geologiya Morey i Okeanov 3 (Abstracts of the 8th All-Soviet
Workshop on Marine Geology). Moscow, p. 146-147 (in Russian).

Kalinenko, V.V., Nevessky, E.N., Grizik, L.G. (1972): Forms of iron in the White
Sea sediments. - In: Processes of development and methods of study of the
coastal Zone. Moscow, Nauka, p. 76-92 (in Russian).
Nevessky, E.N., Medveev, V.S., Kalinenko ,V.V. (1977): The White Sea: Sedimentogenesis and Holocene development. - Moscow, Nauka, 236 p (in Russian).
Perfiljew, B.V. (1926): New data on the role of rnicrobes in the ore forrnation. Izvestiya Geologicheskogo Komiteta 45 (7), p. 795-819 (in Russian).
Samojloff, J.V., Gorshkova, T.I. (1924): The deposits of the Barents and Kara Seas. Berichte des Wissenschaftlichen Meeresinstituts Bd.I(14), p. 3-33 (in Russian,
with English abstract).
Zavarzin, G.A. (1964): On the mechanism of manganese deposition on the mollusk shells. Doklady AN SSSR 154, N. 4, p. 944-945 (in Russian).

Life in the depth of the White Sea

-

What is known about it

V. N. Galkina, V. V. Fedyakov, A. D. Naumov
Zoological Institute, RAS, St. Petersburg
The scientific investigation of the White Sea was initiated more than 100 years ago.
Due to objective difficulties, the deepest parts of the Sea, named Basin, are known much
worse than the shallow ones. This basin part of the White Sea is a large depression with a
maximum depth of 343 m, situated at the boundary of the Kola and the White Sea platforms.
The shape of the Basin is more or less elliptic with apexes in the North-West and South-East;
its area is 218 km2, and its volume - 27.25 km3.
Since 1882, by the European Northern Marine Biological Station at the Solovki
Islands, only Boreal species had been marked in the White Sea waters. N.M. Knipowitsch
(1893) was the first who had found the typical Arctic mollusc Portlandia arctica in Dolgaya
Inlet, Solovetsky Island. At the first time he considered this fact as an amazing exception till
he found (1896) real Arctic communities in the deep areas of the Sea. At the same time he
had found out stable negative temperatures in water depths below 150 m. He supposed
(1906) a stagnation of cold winter water in the Basin, which allowed the species of Arctic
origin to survive there since the last glaciation period.
More detailed observations of deep-water bottom communities were made by
K.M. Derjugin (1928). They enlarged the species list of Arctic origin and confirrned
Knipowitsch's idea that the whole Basin at depths of more than 150 m is occupied by coldwater assemblages.
At the Same time V. V. Timonov (1929) studied the hydrological regime of Gorlo
Strait, the connection of the White Sea with the Barents Sea. He suggested that the cold
winter water of the Gorlo Strait flew down to the Basin causing the water exchange and
preventing permanent stagnation. The general scheme of water exchange between the Barents
and White Seas was published by V.V. Timonov in 1947.
It should be noticed that neither Gorlo Strait nor Voronka have Arctic species in their
sea floor assemblages. Only in the shallow waters of the Kara Sea one can observe sirnilar
Arctic communities like in the deep White Sea. So, there is a large gap in the distribution
areas of Arctic organisms. The sirnilarity of faunas of the White and Kara Seas is not
accidental and Comes from the earlier postglacial times when Arctic marine species were
distributed along the edge of the glacier (Naumov et al., 1986; See also Ekman, 1953).
A number of cruises of the research vessel of Moscow State University were organized
in the 1970-ies. It was nearly the first attempt to get quantitative benthic samples in the area
under discussion. The material obtained allowed 0.1. Malutin (1980) to make clear the
trophcal relations of the central part of the White Sea. Deposit feeders form about 95% of

biomass in deep-water cornrnunities. The other novelty of the Moscow State University
research team work was the analysis of the granulonieilic composition of bottom sediments.
It was found out that the deposits in the deep area consist mainly of clay particles less than
0.001 rnm in diameter.
Applying the method of T, S, z-curves to summer hydrological data, A.N. Pantyulin
(1974) developed a new model of the White Sea water structure. He suggested three
vertically distributed water masses instead of two of previous authors. Later, the Moscow
State University research team declared that the boundaries of distribution of different types
of sediments and water masses were identical (Beklemishev et all., 1975). Nevertheless, N .

L. Semenova (1979) discussing the ecological features of two most common zoobenthos
species in the Basin, narnely Portlandia arctica and Nuculana peinula, marked that the
occurrence of the former is connected with size of sediment pasticles and of the latter - with
cold water. It is a curious treatment of the subject, because Portlandia is a high Arctic species
found in cold aseas only, while Nuculana - an Arctic-Boreal one - occupies the temperate
Onega Bay.
Using all-the-year-round data from different parts of the Sea, A. I. Babkov and
A. N. Golikov (1984) proposed to return back to the classic Timonov's two water-layers
scheme. Their main argument was that, due to huge seasonal changes, the upper water layer
had to be excluded from analysis. This was required already by the founders of T, S, zmethod (Helland-Hansen and Nansen, 1927).
During the last twenty years the benthic team of the White Sea Biological Station of the
Zoological Institute RAS in St. Petersburg have provided ecological investigations overall in
the Sea. Unfortunately there were no systematic observations in the deepest part of the
Basin, but, the data obtained are quite similar to those got by the authors mentioned above.
Not only the central depression of the White Sea possesses an Arctic fauna (s. Naumov
& Fedyakov, this volume). It was not susprising to find Poi-tlaiidia arctica in the Dolgaya

Inlet (Solovetsky Island). There are some more or less shallow inlets in Onega and
Kandalaksha Bays with a ridge at their mouth, which have a water exchange similar to that of
the Open deep White Sea. As a result the cold water remains there for all the year round.
Among such inlets, Dolgaya (Knipovich, 1893; Livanov 191 1; Chudnov, 1926), Babye
More (Gurvich, 1934), Lov (Naumov, 1979) and Kolvitsa (Naumov et al., 1986) were
studied.
It is interesting to notice that in all this cases the maximum depth is approximately five
times more than the depth of the sill, like in the White Sea itself as well. The only exception
is the Babye More Inlet where this ratio is more than seven. Only this inlet has a stagnation
area which is situated deeper than 25 m. The depth of the ridge of this inlet is about 5 m.

It is well known that bacterial production plays a great role in marine communities.
Unfortunately, there were almost no studies carried out in the White Sea till now. We
possess almost no data on bacterio-benthos, both of our own or got from scientific literature,
at all. As for bacterio-plankton, only desultory and contradictory information of two or three
papers is available. There is scarcely a reason to discuss these data before we get new
material, although recycling of nutrients (especially N-compounds during summer) may play
an important role (s. Berger & Naumov, this volume).
During previous investigations, only 9 quantitative deep-water stations were taken by
the White Sea Biological Station (WSBS) of ZISP. The macro-zoobenthos communities
found are rather similar, so they can be described all together. The results can well be
compared with those of Deubel (1995), who analysed 4 deep basin stations and a 98 m deep
one during a joint activity of the WSBS and the AWI Bremerhaven in July 1994. More
details, especially about new results, are found in Naumov & Fedyakov (this volume) as
well as in a short version Deubel's work (this volume, too).
The list of our previous stations follows (Table 1):

+
Table 1. List of sfufions

Latitude

Longitude

Depth
m)
105.0
110.0
290.0
155.0
140.0
147.0
198.0
249.0
325.0

The temperature at all the stations was about -1.49 'C, salinity oscillated between
28.82 and 30.10 psu. The sediment contained 54 per Cent by volume of water.
136 species were found at depths of more than 100 m. The average biomass of the
cornrnunity was 52.9 g/m2 (total wet mass, including shells in molluscs). Menhinick's
species richness was equal to 5.729, the Shannon's species diversity measured by biomass

-

4.2201 bitlg; and polymixness by biomass (Naumov, 1991) was 27.62k1.72 %.
Accordingly, we have there a polyrnixous community rich in species number, poor in
biomass and having no forms strongly dominating by biomass.

(,,Mixness" is a measure of evenness with values near Zero in case of even
biomass distribution amongst species and near 100%, if only one species would
make up almost all biomass. ,,Polymixous" communities have values < 70%,
,,oligomixous" > 85 %; assemblages with intermediate values are termed
,,mesomixous".)
The biogeographical composition of White Sea deep-water cornmunity differs essentially
from those found in other regions. First, one can notice a great percentage of Arctic species,
producing almost one third of the total biomass of the deep-water assemblage (Fig. 1).

[Ã‘ unknown 12 %
boreal 11 %
bor -arc 46 %
arctic 31 %

Fig. 1. Biogeographic composition of the White Sea deep-water community.

As soft sediments are widely found in the White Sea basin, the role of deposit feeders is
extremely great (Fig. 2). The most abundant are epifauna species (63%, both, vagile and
sessile), due to the same reason. Vagile burrowing forms produce 60% of total biomass in
this community; for, there are very few hard substrata to attach for sessile species.

i Cainivoses
2 Suspension feedess
3 Depos~tfeedess

Fig. 2. Trophic composition of the White Sea deep-water community.
Portlandia arctica is the dorninating species of the deep-water community, reaching a
biomass of 8.9 k 4.4 g/ni2. Gersemia fruticosa, Tealia felina and Urasterias lincki (6.731

7.1,
6.0Â 6.4and 5,Ok 5.3 g/m2, respectively) can be considered as subdominants. Their
total biomass is 17.7g/ m2, and they form the main part of living organic matter together
with next group of six species (Nuculana pemula, Buccinum elatior, Dysidea fragilis,
Hemithyrispsittacea, Chiridotapellucida and Edwardsia sp.), which contribute 15.6g to the
total biomass of the community. Ophiura robusta, Ophiacantha bidentata, Pectinaria
hyperborea, Golfingia sp., Ophiopholis aculeata, Modiolus nzodiol~~s,
Halecium beani,
Flustra sec~ilifronsand Lepeta coeca play less important roles, and their overall biomass is

6.4g only. The other 85 species contribute not more than 4.2g/ m2.
As for density, Uphiura robusta and Porilandia arctica ai'e the most abundant. Their
density is about 90 and 60 ind. per m2, respectively. Cirratulidae of several genera,
Myriochele ociilafa, Scoloplos armiger, Nucnlana pernula, Apistobruizclzu,~ t~tllbergi,
Cylicl~naocculta and Maldane sarsi can be referred as common ones (about 10 individuals
per m'), while Nephtlzys malmgreni, Nuculana minuta, Nicania monfagui, Dac~ydium
vitreum, Gammaropsis melanoj~s, Leionucula belottii, and Thelepus cincinatus are
considered to be rare (about 5 individuals per m2). The other 69 species are distributed with
densities of 1 individual per m20r even less; accordingly, they were met only occasionally,
First new results of the macrofauna investigations within the INTAS-project about the
deep basin ecology x e included in tliis volume (Naumov & Fedyakov, 2000).
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Deep-water meiobenthos research in the White Sea
Vadim Mokievsky

P.P. Shirshov Institute of Oceanology, RAS, Moscow

During the last few decades the White Sea meiobenthic fauna and communities
have been investigated extensively from many points of view. Both taxonomic and
ecological continuous investigations have been conducted here at two biological stations
and in numbers of expeditions. After twenty years of investigations, the W h t e Sea
became a model object for studies on meiobenthos community stxuctures and dynarnics
including investigations of long-term changes, population structure of dorninating
species etc. These studies were partly reviewed by V.V. Galtsova (1991) and recently
by H.U. Dahms, V.V. Galtsova and V.O. Moiuevsky (in prep.). However, most of
these studies were conducted in the intertidal and, rather seldom, in the upper subtidal
zones.
The deepest part of the Sea still is nearly a ,,white spot" of meiobenthic studies
even from a taxonomical point of view. Only a few studies were done on material from
the central basin of the sea. Several species of Enoplida (Nematoda) were described
from there by I.N. Filipjev (1927). Some notes On Foraminifera inhabiting the Central
basin were provided by E.I. Kirienko (1973). She supposed that agglutinated
foraminiferans prevail there. Quantitative distribution and taxonomic composition of
foraminiferans are different in the deep and shallow areas. During a large scale survey
of Foraminifera distribution, E.M. Mayer (1977, 1980) collected several samples in the
northern Part of Central Basin down to a depth of 290 m. Among 161 species which are
known for the Sea, only 95 occur in the central basin. The rate of calcareous forms
increases with the depth - they constitute about 1% of whole community in the shallow
Zone, 20% in the intermediate depths and reach up to 50% of total foraminiferan density
in the deep part. Total foraminiferan density according to this study reached the highest
values (200-300 and more ind110 cm3 in the uppermos sediment layer) in Kandalaksha
Bay in depths ranging from 15 to 110 m. In the deep part (at depths of more than 200
m) the mean density of living forms is less than 51 indJ10 cm\
The most recent studies covering most meiobenthic taxa were done in the central
part of Kandalaksha Bay, where the meiobenthos abundance and composition were
investigated along a transect down to a depth of 300 meters (Galtsova, Valdimirov,
1988). Quantitative distribution was there more or less typical for the sea.

Eumeiobenthos was represented by Foraminifera, Nematoda, Harpacticoida, Ostracoda
and Halacarida, and pseudomeiobenthos included Polychaeta, Oligochaeta, Bivalvia,
Gastropoda, Nemertina, Isopoda, Cumacea and Insecta. The dominance of different
taxa changes with the depth: in intertidal and subtidal zones Nematodes prevail over the
other, while in the depth of 150 m and more foraminiferans become more abundant. In
terrns of biomass, foraminifera also predominated in the deep part of the transect. Total
density of meiobenthos varied On the transect from 6,300 to 3,168,000 ind/m2 and
biomass (wet weight) from 0.05 to 91 g/m2.The maximal rates occur from the intertidal
Zone down to the depth of 7- 10 meters and then decrease rapidly.
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The White Sea Basin phytoplankton

-

a review

T.N. Rat'kova.

P.P. Shirshov Institute of Oceanology, RAS, Moscow

History of the phytoplankton investigations in the White Sea
The taxonomic composition of the White Sea phytoplankton has been studied since the 19th
century (Goby, 1878; Merezhkovsky, 1878; Zenkovsky, 1881; Reingard, 1882). In the
beginning of 20th century, these studies have been continued (Levander, 1916; Kiselev,
1925, 1957; Derjugin, 1928), however, at that early stage they presented only qualitative
descriptions of the pelagic flora. First quantitative estimates of numbers of the phytoplankton
cells in the water, and phytoplankton biomass were obtained by Voronkov and Krechman
(1939) near Umba. The improvement of the sampling and processing methods during the last
30 years allowed to assess phytoplankton biomass, its relative composition"(Kokin et
al., 197 1; Kokin & Koltzova, 1970; Konoplya, 1971; Sergeeva, 1991; Likhacheva, 1991;
Sarukhan-Bek et al., 1991; Mordasova & Wentzel, 1994) and to evaluate primary production
(Fedorov & Bobrov, 1977; Fedorov et al., 1974; Bobrov & Savinov, 1986; Maksimova,
1990; Naletova et al., 1994). While extensive studies regarding the seasonal dynarnics of
phytoplankton have been carried out in the coastal Zone of the White Sea (the Kandalaksha
Bay including the Chupa and Rugozerskaya Inlets, the Mezen and Onega Bays, Gor10 and
Voronka) (Khlebovich, 1974; Semina & Sergeeva, 1983; Zhitina & Mikhailovsky, 1990;
Lovyagin, 1990; Srnirnov et al., 1989; Sarukhan-Bek et al., 1991), astonishing little is
known about its dynarnics in the Sea Basin. Very few expeditions collected phytoplankton in
this area. Therefore, the seasonal variation there may be studied only by the comparison of
data obtained in different years. So, the interannual variations may mask the seasonal
changes.
In most studies during the last 30 years, plankton nets of different models and sizes have
been used for phytoplankton sampling, while water bottles were used relatively rarely
(Kokin et al., 1971; Konoplya, 1970; Khlebovich, 1974; Zhitina & Mikhailovsky, 1990).
The phytoplankton samples were usually preserved with forrnaldehyde and then concentrated
by filtration (net samples) or settling and decantation (bottle samples). These methods do not
pennit smaller phytoplankton counting, as small naked algae may be rnissed during the
filtration or decantation and, in addition, may be partly destroyed by formaldehyde.
Therefore, the small fragil phytoplankton cells with a diameter <20 um have been ignored
during the most previous investigations in the White Sea, which apparently resulted in
considerable underestimations of the phytoplankton abundante. The first evaluations of the

small size phytoplankton abundance in the White Sea were presented by Likhacheva (199 l),
Mordasova & Wentzel (1994) and Ilyash (1998).
Phytoplankton composition
According to the revision by Semina & Sergeeva (1983), the list of the plankton algae of the
White Sea includes 145 species and varieties, among which 92 taxa belong to Bacillasiophyta
(diatoms), 45 to Pyrrhophyta (dinoflagellates), 4 to Chrysophyta (euchrysomonads,
coccolithophorides and silicoflagellates), 1 to Xanthophyta and 3 to Chlorophyta. In the
Basin, 74 taxa were encoutered (54 diatoms, 18 dinoflagellates and 2 silicoflagellates).
Among diatoms, the most diverse genera ase Chaetoceros (33 taxa), Coscinodiscus (12 taxa)
and Thalassiosira (9 taxa). Among dinoflagellates, the most diverse genus is Peridinium (23
taxa). From the 145 taxa encountered in the White Sea, 40% ase cosmopolitan, 28% asctoboreal, 5% bipolar, 1% arcto-boreal-tropical, and a few species ase tropical (Semina &
Sergeeva, 1983). Neritic and ice-neritic species dominate (Kiselev, 1925; Khlebovich, 1974;
Semina & Sergeeva, 1983).
The plankton flora of the White Sea is less diverse compased to the Basents Sea, due to low
salinity which prevents survival of some of the Barents Sea species. Besides, some of the
arcto-boreal species may not survive in the White Sea because of strong seasonal temperature
vasiations from -1.4OC in winter to +24.0Â° in summer (Burkovsky, 1976). The Gor10 asea
seems to be a barsier for the Barents Sea species (Kiselev, 1957). The White Sea flora
includes ca. 50% of the Basents Sea species only. According to Makarevich and Larionov
(1992) there ase 308 phytoplankton species in the Basents Sea, and only 145 species in the
White Sea according to Semina and Sergeeva (1983). The high proportion of cosmopolitan
species in the Whire Sea is noteworthy.
Seasonal succession
The most detailed study of the development of the inshore sea-ice flora in the White Sea was
presented by Zhitina & Mikhailovsky (1990). They showed that planktonic algae present in
the water colurnn in auturnn were inclosed into the sea ice during its forrnation (the diatoms

Chaetoceros spp., Skeletonema costatum, Thalassiosira nordenskioeldii and the
dinoflagellates Ceratium fusiis, Dinophysis nonvegica, Protoperidinium pellucidum).
Imrnediately after ice formation, sea-ice algae were found to develop inside the ice: the
diatoms Amphiprora hyperborea, Nitzchia frigida, Navicula pelagica and the dinoflagellate
Peridiniellu (Goniaulax) catenata. The latter were more abundant in the ice than planktonic
ones. In December, plankton and ice algae were scarce (less than 5 X 1 0 cellsn). An increase
of the number of cells in the lower layer of ice has been observed since March. By the end of
this month, a 13-fold increase of the algal abundance was registered. In April, this

concentration decreased rapidly and became equal to the phytoplankton concentration in the
water under the ice. The latter one reached its maximum in April; however, it was lower than
the maximum abundance of algae within the ice one month earlier (Zhitina & Mikhailovsky,
1990). The taxonornical composition of the ice algae was similar to that in the water, but
abundances were different for the same species. Almost all planktonic ,,spring" species
developed in the ice in a great advance to their growth in the water.
During the ice melting in spring, the ice-neritic species Nitzschia frigida and Navicula spp.
develop. The spring phytoplankton bloom is dominated by the neritic Chaetoceros spp.,
Fragilariopsis spp., Thalassiosira spp., Amphyprora hyperborea and Bacterosira
bathyomphala (fragilis) (Kokin et al., 1971; Semina & Sergeeva, 1983). In May the main
phytoplankton bloom dominated by Fragilariopsis oceanica was observed (Ilyash, 1998).
This bloom declined in early June. In July, the bloom of diatoms Chaetoceros spp.,
Skeletonema costatum, flagellates and small dinoflagellates was encountered, while N .
frigida and Fragilariopsis spp. were almost absent at the Same inshore sites (Khlebovich,
1974; Semina & Sergeeva, 1983). The small flagellates were found to be especially abundant
in the Basin (Mordasova & Wentzel, 1994). In June to July, picophytoplankton dominated
by single celled cyanobacteria becomes very abundant, as well (Ilyash, 1998). In autumn,
the dinoflagellates Dinophysis norwegica, Ceratium fusus, Protoperidinium leonis and
P.pellucidurn become abundant. Some of the planktonic diatoms (Thalassiosira
nordenskioeldii, Skeletonema costatum and Nitzschia closterium) develop also (Zhitina &
Mikhailovsky, 1990). Coscinodiscus concinnus and Chaetoceros decipiens dominate in
September and eady October; however, they are scarce (1 to 5 X 1 0 cellsii) and their
biomass is low (Khlebovich, 1974; Zhitina & Mikhailovsky, 1990).
Primary production
The primary production undergoes strong seasonal variation in the White Sea. It depends
primarily on the light conditions throughout the productive period and the nutrient supply in
summer. The highest primary production (up to 302 mg C m " day"') was recorded in spring,
from April to the first decade of June (Fedorov & Bobrov, 1977). In summer, production
decreases to 71-1 17 mg C m'2 day", but in some years, according to Naletova et al. (1994),
it may be very high (up to 2.8 g C m'2 day"). In autumn, in October, it drops down to 49-98
mg C m'2 day". The highest monthly production to biomass ratio (PIB coefficient) of 0198
was registered in April, while the lowest one of 0.22 was observed in May (Fedorov &
Bobrov, 1977).
The yearly primary production varies between 13 and 52 g C m 2 in different years, with one
or two maxima developing during the season of vegetation. While the most pronounced
spring maximum develops from May to June, a second, autumn maximum, may develop in
August. However, in some years a second maximum was not observed at all (Fedorov et al.,

1974). Phytoplankton production is much lower in the White Sea compared to the Barents
Sea due to unfavourable light conditions during the winter, ice Cover and rapid nutrient
depletion in the upper layer during the spring phytoplankton bloom.
Phytoplankton abundance and biomass
The phytoplankton abundantes were underestimated considerably in previous investigations
due to two main reasons. First, when phytoplankton was collected with nets, a considerable
portion of smaller diatoms, coccolithophorides and dinoflagellates was missed. Second,
small flagellates and single-celled stages of Phaeocystis, which contribute up to 99% to the
total algae numbers in many northern sites (Verity et al.,1999) were not counted in most of
the studies cited above, but a few works (Likhacheva, 1991; Mordasova & Wentzel, 1994;
Ilyash, 1998). Therefore, the published absolute numbers of the algal cells have to be used
for any comparison with serious restrictions in mind. On the other hand, due to their small
cell volume, the mentioned groups of algae contribute less to the total biomass. Therefore,
the published data on seasonal trends of the phytoplankton biomass in the White Sea seem to
be rather reasonable.
According to the data available, phytoplankton biomass is higher in the inshore sites than in
the Basin. The maximum phytoplankton biomass of up to l g wet weight m 3 and about 1.5
mg Chl a m 3 develops in the inshore area in May and early June and then falls down to 200
mg wet weight m'3 in July and August (Fedorov & Bobrov, 1977). Thus, in June-July 1991,
phytoplankton biomass was as high as 2 mg Chl a m'3 (Mordasova & Wentzel, 1994). In
April and October, biomass is much lower, 20-30 mg wet weight m'?. Only few cells survive
during the winter (Fedorov & Bobrov, 1977). From September to February, phytoplankton
biomass is less than 20 mg wet weight m" with the rninimum registered in December (Zhitina
& Mikhailovsky, 1990).

There are several aspects of the phytoplankton dynarnics and distribution which have not
been studied sufficiently in the White Sea so far. Under conditions of a high water column
stability in sumrner, the vertical phytoplankton distribution may be of great importance for a
better understanding of the pelagic community stucture (Beklemishev et al., 1975). The size
structure of phytoplankton, its taxonomical composition, absolute abundance and the relative
contribution of the different groups to abundance and biomass during different seasons seem
to be also important characteristics of this ecosystem, which are unsufficiently known. The
evaluation of these Parameters using modern methods of the collection, preservation and
processing of the phytoplankton samples will allow reasonable assessments of the grazing
impact on the phytoplankton and of vertical fluxes in the pelagic realm.
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Introduction
Zooplankton studies in the White Sea started in the last century. The first publications
mainly deal with morphology, taxonomy and general biology of organisms (Merezhkovsky,
1877; Wagner, 1885; Schlatter, 1891; Linko, 1899; Virketis, 1926; 1928). Some of them
presented detailed morphological descriptions with excellent hand drawings of the pelagic
organisms (Wagner, 1885; Linko, 1899) missing in later studies. In a later stage the study of
zooplankton distribution was intensified (Jaschnov, 1940; Epshtein, 1957, 1963; Pertzova,
1962, 1970, 1971, 1980a; Prygunkova, 1967, 1985). Seasonal Patterns in distribution were
discovered (Epshtein, 1957; Pertzova, 1962, 1970; Prygunkova, 1967, 1974) and first
population and life cycle studies were carried out (Prygunkova, 1968, 1974; Pertzova,
1974a,b, 1980b, 1981).
Understanding of the significance of copepods as secondary producers led to
intensified studies of their feeding, physiology and breeding activity, assessment of
secondary production of the key-species and the phytoplankton-zooplankton interactions
(Perueva 1976, 1977a,b, 1984; Arashkevich & Drits, 1984; Arashkevich & Sergeeva, 1991;
Kosobokova, 1979, 1980, 1990, 1993, 1998; Pertzova & Kosobokova, 1996). However,
the different areas of the White Sea have not been equally covered by investigations. The
Kandalaksha, Dvina and Onega Bays represent the areas of the most extensive work, while
the central part including the Sea Basin is less studied. The present review aims to summarize
available knowledge on the zooplankton of the White Sea. It is restricted to mesozooplankton
organisms in the size range from 0.2 to 30 rnm.

Fauna1 composition of zooplankton
The faunal composition of the zooplankton was studied in a number of eariy
publications (Merezhkovsky, 1877; Wagner, 1885; Schlatter, 1891; Jakobson, 1894; Birula,
1896; Pedashenko, 1897; Linko, 1899). The first most complete list of species was
presented by Virketis (1926; 1928). Later studies provided more details On the faunas of
particular sea areas (Chmiznikova, 1947; Kamshilov, 1957; Epstein, 1957, 1964; Pertzova,
1962, 1970, 1972, 1983; Ivanova, 1963; Pertzova & Chibisova, 1970; Prygunkova, 1974).
According to the recent review by Pertzova & Prygunkova (1995), a total of 142 species
have been encountered in the zooplankton of the White Sea until now (Table 1). Arnong
them, 41% are arcto-boreal, 22% - arctic, 20% - widespread, and 17% are boreal species.
The first two groups form a cold-water, and the latter two - a warm-water assemblage of the
zooplankton, respectively.
Table 1. Taxonornic composition of zooplankton of the White Sea
Taxa

Number of species

Ciliophora, Tintinnina
Hydroidea
Scyphozoa
Ctenophora
Rotatoria
Cladocera
Copepoda
Mysidacea
Hypeiidae
Euphausiacea
Pteropoda
Chaetognatha
Appendicularia

The plankton fauna of the White Sea is less diverse compared with the Barents Sea.
Several taxonomic groups like Radiolaria, planktonic Forarninifera and Ostracoda are entirely
absent. Of the 25 copepod species recorded from the eastern Barents Sea, 16 are not found in
the White Sea. Strong tidal currents, intensive mixing of water in the Gor10 and a sharp
decrease in salinity are assumed to be major factors preventing dispersal and survival of the
Barents Sea species in the White Sea (Derjugin, 1928; Virketis, 1929; Zenkevich. 1947,
1963; Gurjanova, 1948).
The Tintinnina, Copepoda and Hydroidea are the most diverse taxonomic groups of
the White Sea zooplankton (Table 1). The Tintinnina are not considered here because their
systematics are rather unstable (Laval-Peuto, 198 1). Among the Copepoda, 35 species are
recorded until now, including 15 Calanoida, 4 Cyclopoida, 15 Harpacticoida and 1
Monstrilloida (Pertzova & Prygunkova, 1995). According to Brotskaja (1962), only 2 of the

harpacticoid species listed for the White Sea, Microsetella nor'vegica and Parathalestris croni,
are really planktonic. All other harpacticoids are assumed to belong to the suprabenthic
fauna, irregularly washed out of mainly macrophytes.
The most diverse plankton fauna is reported for the Kandalaksha Bay (Table 2) which
is the best studied area. The high number of species is certainly related to the high diversity
of environmental conditions and wide range of depths. The fauna of the Basin is less diverse
due to the absence of a number of neritic species, which are more typical inhabitants of the
shallow-water areas of the bays (Pertzova & Prygunkova, 1995).
Table 2.
The number of the zooplankton species in the different regions of the White Sea
Region

Number of species
Total

E X C ~Tintinnina
D~
and Rotatoria

Basin
Kandalaksha Bay
Onega Bay
Dvina Bay
Mezen Bay
Gorlo
Voronka

General distribution of zooplankton biomass
The distribution of the zooplankton biomass in the White Sea has been studied almost
exceptionally in spring and summer. First data on biomass in the Basin, Kandalaksha, Dvina
and Onega Bays were obtained in spring, 1929 (Jaschnov, 1940). The summer observations
were carried in the Same area much later, between 1959 and 1981 (Epstein, 1963; Pertzova,
1980a; Prygunkova et al., 1985). These surveys covered alrnost all sea regions (Table 3, 4)
which made it possible to describe the general Pattern of horizontal distribution of
zooplankton in summer. The highest mean biomass (mg/m3) was found in the deep areas
with pronounced stratification of the water colurnn (the Basin, Kandalaksha and Dvina Bays,
Table 3, 4). In the well-rnixed areas, separated from the Basin by hydrographic fronts
(Onega Bay, Gorlo, and Voronka), zooplankton biomass was generally lower. This has
been confirmed by recent studies.

A plankton survey of the White Sea Biological station (Moscow University) in July,
1972 provided more details on the horizontal and vertical distribution of zooplankton
biomass in the central part of the sea including the Basin and adjacent areas. Within this area,
the lowest biomass was found in the Center of the Basin (Pertzova, 1980a). Areas of
increased biomass were confined to the Basin periphery, to the zones of the seasonal thermal

fronts. One of such spots was located close to the southern border of Gorlo, while another
was found to the north of the Solovetsky Islands, at the border between the Basin and Onega
Bay. The pattern of the zooplankton distribution was strongly related to the circulation
pattern with the minimum in the area of a cyclonic and the maximum in the area of an
anticyclonic gyre. The maximum biomass was found in the 25-50 m water layer, while in the
deeper layers biomass showed a clear decrease.
Table 3. Historical data on the zooplankton biomass (mg dry weight /m3, average for the
entire water column) in the different regions of the White Sea in Summer. Dry weight
(DW) is converted from wet weight ( W ) according to DW=0.16 WW
Date

Basin Kandalaksha Onega Dvina Gor10 Mezen Voronka
Bay
Bay Bay
Bay

V-VI. 1928
VII. 1949
VIII. 1950
VI-VII. 1951
VIII. 1952
VII-VIII. 1959
VIII. 1969
VI. 1963

Source

Jaschnov, 1940
Kamshilov, 1957
Epshtein, 1957
Epshtein, 1957
Kamshilov, 1957
Epshtein, 1963
Pertzova, 1971
Pertzova, 1983

Table 4. Average zooplankton biomass (mg dry weight/m3) in the upper 0-50 m water layer
of the White Sea in Summer. Dry weight(DW) is converted from wet weight (WW)
according to DW=0.16 WW
Date
VII.1972
VII.1981

Basin
17
41

Kandalaksha Onega Dvina Gorlo Mezen Voronka
Bay
Bay Bav
B ay
29
46

16

9
35

1.8

Source

Pertzova, 1980b
2.6 Prygunkova et
al., 1985

Composition of the zooplankton biomass
As in the other arctic seas, the copepods are the most important group in the
zooplankton in terrns of abundance and biomass. Arnong them, only few species constitute
the bulk of the zooplankton stock. They are the boreal Centropages hamatus, Temora
longicomis, Acartia longiremis, the arcto-boreal Pseudocalanus minutus and the arctic
copepods Calanus glacialis and Metridia longa (Pertzova & Prygunkova, 1995).
In summer, Pseudocalanus minutus ranks first in the zooplankton biomass over all
sea regions. In the shallow regions (Onega, Mesen Bay and Gorlo) P .minutus dominates
along with the small-sized boreal copepods Centropages hamtus and Temora longicomis
(Pertzova, 1980b). The contribution of the boreal species increases there, remarkably, in the

second half of summer (Epstein, 1957). In the deep regions (Basin, Kandalaksha and Dvina
Bays), P. minutus dominates biomass along with the two arctic species, C. glacialis and M .
longa (Table 5, Pertzova, 1980b). Other copepods, including cyclopoids, built up less than
7% of the total biomass in the deep area. They seem to be rather evenly distributed and do
not affect the general Pattern of the zooplankton distribution. Arnong other taxa, the
chaetognath Sagitta elegans and the appendicularian Oikopleura vanhoffeni contribute up to
11-24% biomass. Their horizontal distribution in the Basin and adjacent areas is similar to
that of the cold-water copepod species (Pertzova & Prygunkova, 1995).
Table 5. Relative contribution (%) of the dominant copepod species
to the total zooplankton biomass in July, 1972 (from Pertzova, 1980b)
Swecies

Basin

Metridia longa
Calaizus glacialis
Pseudocalanus minutus
Total

13.5
4.9
44.8
63.2

Metridia longa
Calanus glacialis
Pseudocalanus minutus
Total

15.8
14.6
39.7
70.1

Kandalaksha

Dvina

water layer 0 - 50 m
8.3
16.8
30.4
55.5
water layer 50 m - bottom
19.4
12.3
44.1
75.8

22.4
7.0
53.9
83.3

Life cycles and distribution Patterns of the dominant copepod species
Life cycle studies carried out on most dominant copepod species in the Kandalaksha Bay
revealed striking differences between temperate-boreal (warm-water) and arctic (cold-water)
copepod species in relation to their life cycle strategies, generation length, number of
generations per year, and seasonal variations of their vertical and horizontal distributions
(Prygunkova, 1968, 1974; Pertzova, 1974a,b, 1980b, 198 1, 1984).
The dominant boreal copepods Centropages hamatus and Temora longicomis form a
temporal component of zooplankton. They are present in the water column during the wann
season, from spring to autumn, and are entirely absent during the winter. Throughout the
period of their occurrence, both species are restricted to the warrnest surface water layer from
0 to '.'. - 3 0 m. From May to October three generations develop. The development of the
spring and autumn generations takes one and a half month each. The surnmer generation
completes development in one month due to higher temperatures. Females of the autumn
generation produce resting eggs, which overwinter in the bottom sediments and give rise to
the first generation next spring (Pertzova, 1974a).

In spring, both species appear from their resting eggs at first in the shallow coastal
waters, where warming is most pronounced. Their absence from the deep area suggests a
low overwintering success for the resting eggs in the deep parts of the sea. In summer,
maximum abundance and biomass of both species are also confined to the shallow zone,
however, they inhabit a wider area compared to the spring. By mid-summer, surface water
movements (tidal and wind-induced currents) spread their populations from the coastal Zone
almost over the entire sea. By autumn, eggs, nauplii, and young copepodite stages of
Centropages hamatus and Tenzora longicomis almost disappear from the plankton
population. Abundances decrease considerably, and horizontal distribution becomes strictly
confined to the narrow coastal zone. From November to May C. hamatus and T. longivomis
are not present in plankton.
The arctic copepods Calanus glacialis and Metridia longa are present in the plankton
throughout the whole year. They are slow-growing, and have long life cycles of one or two
years. The herbivorous C. glacialis takes two years to mature and reproduce (Prygunkova,
1968; Kosobokova & Pertzova, 1990; Kosobokova, 1998, 1999). The spawning in May
and June produces a stock which develops to copepodite stage IV (CIV) during the first
surnrner and overwinters in diapause in the deep water until the next spring. The following
year they continue to CV during the spring and summer, mature in autumn and winter and
reproduce at the age of two years. The omnivorous M. longa produces one generation per
year (Pertzova, 1974b). It has a long reproductive period with most active spawning from
late Summer to autumn (August-October). Young developmental stages of both arctic species
are tolerant of seasonal fluctuations of temperature. They inhabit the upper water layers and
penetrate with surface currents into the coastal Zone in early spring (C. glacialis) and autumn
(M. longa) when boreal species are not abundant there. Thus, the C. glacialis offspring
appear in the coastal area in May-June, before the spring increase of the boreal species
(Pertzova & Kosobokova, 1996). In turn, the recruits of M. longa reach their highest
abundance in the coastal area in September-October, when the boreal Centropages hamatus
and Teinora longicomis almost disappear from plankton. Late copepodite stages of the arctic
species strongly prefer waters with negative temperatures; therefore, the "core" of their
biomass is confined to the cold-water layer in the deep basin area.
The arcto-boreal copepod Pseudocalanus ininutus is also present in the plankton
throughout the whole year. The females lay eggs from March to October (Pertzova, 1981,
1984; Pertzova & Kosobokova, 1996). By the end of the productive season recruits of the
new generation reach copepodite stages CIII, IV and V and enter diapause which lasts until
spring (Pertzova, 1981). The overwintering stock continues development during early spring
the following year and generally completes its life cycle in one year. A small portion of the
population represented by offspring of the females spawned in March may reach maturity by
August, resulting in two generations per year (Pertzova, 1981).

Vertical migrations
Seasonal, ontogenetic and diel variations in the vertical distribution of zooplankton
have been studied in the White Sea for all the most abundant copepod species (Bogorov,
1941; Prygunkova, 1974; Pertzova, 1974b, 198 1, 1984; Kosobokova & Pertzova, 1990).
The populations of Calanus glacialis, Metridia longa and Pseudocalanus minutus undergo
pronounced seasonal vertical migrations covering the entire water colurnn (Pertzova, 1974b,
1981; Prygunkova, 1979; Kosobokova & Pertzova, 1990). The herbivorous C. glacialis and

P. n t u s concentrate near the surface at the beginning of spring for feeding and
reproduction and stay in the upper layer during the productive season. In auturnn, they
descend into the deep layer for overwintering. In contrast to Calanus and Pseudocalanus, the
ornnivorous Metrzdia concentrates close to the surface in autumn and winter (Pertzova,
1974). In addition to seasonal ~nigrations, all the three species undergo ontogenetic
migrations in surnmer and autumn with older stages tending to occur deeper than younger
ones (Pertzova, 1981, 1983; Kosobokova & Pertzova, 1990). Moreover, M. longa and P.
nzirzutus perform pronounced diel vertical migrations throughout most of the year with the
highest intensity between August and October (Pertzova 1974b, 1984). Late copepodite
stages C IV - C V and adult females are most active diel migrants. In C. glacialis diel
migrations were observed during the Same period with C IV and C V being the most active
migrants (Kosobokova & Pertzova, 1990). In the boreal calanoids Temora longicornis and
Centropages hamatus all variations of the vertical distribution are restricted to the upper water
layer. Within this layer, ontogenetic and diel migrations were observed in surnmer (Pertzova,
1984)

Feeding, physiology and reproduction
Studies of feeding behavior, gut content, daily rations and feeding rhythms have been
carried out on two of the larger calanoids of the White Sea, Metridia longa and Calanus

glacialis. Gut content investigations confirmed that Meti-idia ingests a high proportion of
anirnal food, primarily copepod nauplii and invertebrate eggs, in addition to phytoplankton
(Perueva, 1984). The greatest feeding activity was registered at night (Pemeva, 1983). The
daily ration was estimated to be 3-5% of body weight, and defecation rate was approximately
one pellet per hour. Calanus is usually referred to as a predominantly herbivorous filterfeeder (Arashkevich & Kosobokova. 1988). However, examination of the gut contents of
copepodite stage IV revealed that tintinnids and nauplii as well as phytoplankton were
ingested, which suggested its successful growth in habitats other than diatom blooms
(Perueva, 1977). The study of the Ingestion rates and diel feeding rhythms of Calanus
showed highest feeding intensity at night (Perueva 1976, 1977). The defecation rate of C .

glacialis C IV at ambient food concentration was estimated to be 3-4 pellets per hour
(Arashkevich & Sergeeva, 1991), and the maximum daily rations On different kinds of
phytoplankton food - of 12-17% of body weight (Arashkevich & Drits, 1984).
Energy content of the key zooplankton species including the copepods Calanus
glacialis, Pseudocalanus elongatus and Metridia longa, and the chaetognath Sagitta elegans in
terms of caloric values was studied by Kosobokova (1980). These data indicated pronounced
seasonal variations in the energy content of the particular zooplankton organisms related to
their growth and lipid accumulation. High lipid contents of the White Sea Calunus were
initially described by Sushkina (1961, 1962). A detailed quantitative study of the
biochemical composition of Calanus in teims of protein and lipid body content was
conducted during the productive season in the Kandalaksha Bay (Kosobokova, 1990;
Kosobokova & Pertzova, 1990). Seasonal variations of the lipid content were observed for
all Stages older than C 111. The spring molting of overwintered C IV to C V was followed by
4- to 6-fold increase of the lipid content. Lipid accumulation during the summer resulted in
1.5 - to 2-fold increase of the C V lipids (Kosobokova 1990). To estimate the metabolic
requirements of plankton at ambient temperatures in the White Sea, the respiration rates of
Calanus and Metridia were measured in summer (Kosobokova, 1979) and winter
(Arashkevich & Kosobokova, 1988). The daily respiratory losses of the Calanus in winter at
temperatures of 0 to -1 .OÂ° were estimated to be 0.9- 1.O% of body weight, which allowed
them to survive from November to March without feeding by consurning the lipids
accumulated in summer.
The reproductive biology and egg production rates have been studied for Calanus
glacialis (Kosobokova & Pertzova, 1990; Kosobokova, 1993, 1998, 1999) and
Pseudocalanus minutus (Pertzova & Kosobokova, 1996). Average daily egg production of
the Calanus females corresponded to 2.2% of body carbon. The highest production by a
single female during 29 days under experimental conditions was 719 eggs, which
corresponded to 128% body carbon. The number of clutches produced by a single
Pseudocalanus female during its reproductive life was estimated to be between 4-6 at the in
situ temperatures (near OÂ°C)while the total fecundity was estimated to be 80-120 eggs per
female or 100-400% female body carbon (Pertzova & Kosobokova, 1996).
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Macroplankton and micronekton
Vassili Spiridonov
Zoological Museum, Moscow State University

Pelagic organisms which are relatively large (i.e. norrnally exceed 8-10 mm in one
dimension) and capable to escape small to medium size zooplankton nets are conventionally
considered as macroplankton and micronekton. Faunistically, this group in the White Sea
consists of species cornrnonly occurring in the Barents Sea and includes two species of
Scyphozoa, five species of Ctenophora, two species of Mollusca Pteropoda, one species of
Chaetognatha, five species of Mysidacea, five species of Amphipoda Hyperiidea, and two
species of Euphausiacea (Beloe More, 1995). Of the latter, Thysanoessa inermis has been
found only occasionally in the deep waters while Thysanoessa raschii is rather comrnon, in
particular in the Basin and in the deep waters of the Kandalaksha Bay (Derjugin, 1928;
Pertzova, unpubl). The larvae of decapod crustaceans and fishes may be assigned to
macroplankton as well. Many of these species are characteristic for the Basin but occur also
in the shallow water. Since most of zooplankton studies in the White Sea have been done
using medium size zooplankton nets, the distribution, life histories of macrozooplankton
species in the White Sea remain very poorly studied, so does energy flow through their
population. It is worth noting that both vertical and horizontal mesoscale distribution of
macroplankton species is subject to rapid changes due to a combined effect of swimming
activity of the animals and oceanographical phenomena. For example, vertical migrations and
local changes of abundante of pteropod molluscs, Clione lirnacina and Limacina helicina may
be strongly influenced by stormy weather (Wagner, 1885; Naumov et al., 1987).
Euphausiids are known by their wandering schools which are occasionally observed in the
coastal areas and are believed to originate from the deep waters. We suggest that
macroplankton populations greatly contribute to variation in the pelagic ecosystems both at
macro- and at mesoscale and this variation must be a prirority subject for future studies.
Derjugin, K.N. Fauna des Weissen Meeres und ihre Existenzbedingungen. Publication of
the State Hydrological Institute, Leningrad, 51 1 p. (in Russian with extensive
German summary).
Naumov A.D., Skarlato, O.A., V.V. Fedyakov 1987. Subclass Dextrobranchia. In:
Skarlato, O.A. (Ed.) Molluscs of the White Sea. L. Nauka: 203-204
Wagner N.P. Invertebrates of the White Sea. I. Zoological studies off the Solovki Islands
coast in the surnrner seasons of the years 1877, 1878, 1879, and 1885. St.
Petersburg, 171 p.

B. Original Contributions

On the macro-invertebrate sublittoral bottom fauna in the
White Sea - with comments On its zoogeography
H. Deubel
Alfred-Wegener-Institute for Polar and Marine Research
Bremerhaven, Germany
The White Sea is the smallest sea in the northern part of Russia. It is connected with the
Barents Sea by an extensive shallow sill. Because of the enclosed situation, the
continental climate conditions near the polar circle and influence of some relatively
warm Atlantic waters, ZENKEVITCH (1963) characterized this area as ,,sub-arctic".
In summer the waters of the main basin of the White Sea are highly stratified
and of low productivity (MILEIKOVSKY 1970). In June and August the temperature
of the surface layer rizes up to 16OC in inshore waters. At a depth of 10m it drops to
10Â°Cand the OÂ°C-isother is located between 25 to 40 m. Below 100m the wate; mass
is characterized by perrnanently low temperatures (-1Â° to -lSÂ°Cand higher salinities
of approxymately 3 0 % ~ .
Tab. 1: Station data
Station

Chupa Inlet
Ch 10
Ch 20
Ch 30
Ch 40
Ch 50
Ch 70
Kandalaksha

Date

Latitude

Longitude

1994

N

E

01.07.
01.07.
01.07.
01.07.
08.07.
08.07.

66O 16'89
66' 16'81
66O 16'73
66O 16'70
66O 16'76
66O 16'67

33' 13'80
33O 13'62
33O 13'42
33O 13'55
33' 13'70
33' 14'06

Depth SedimentTemp.
ml
'Cl

10
20
31
40
50
70

WaterTemp.
W1

Salinity

3,5
1,6
0,6
0,4

4,7
2,6
1,8
0,8

24,2
25,O
25,8
26,O

( -)
( -)

(-1

(-)

(-)

(-1

[%ol

The present investigation is based on data from 13 stations in the area of the Chupa Inlet
and Kandalaksha Bay in the White Sea. Altogether, the macrofauna of 39 Okean grabs
(0,25m2), at each station three replications, were evaluated in two transects covering a
depth rangc of 10 to 325 m. The samples were sieved over a 1-mm screen and preserved
in buffered 4%-formalin. The biomass is given as wet weight.
Results

A total of 4640 individuals were identified, which were spread over 146 species ( s .
Table 2, Annex). Polychaetes (47%), molluscs (27%), crustaceans (12%) and
echinoderms (5%) are the most significant macrobenthic taxa.
Based on the abundances of 141 species faunistic sirnilarities were computed for all 13
stations. 4 clusters were classified according to their different stocks of species. The
clusters reflected the depth zonation of the macrobenthic invertebrates in the
investigation area. The stations of smaller depth of both transects were pooled into two
cornrnunities. The remaining three resp. four stations of the deep areas of the Chupa
Inlet and Kandalaksha Bay were combined in further groups

Station
Chupa
shallow

Ch 20

Chupa
Ch 40
Ka 200
Ka 325
Ka 250

Ka
Ka '0Â

]

Kandalaksha
shallow

Ka 50

Resemblance Index: Bray-Curtis-Index

Fig.1:

Grouping of stations (Chupa Inlet ChlO to Ch70, Kandalaksha Bay Ka30 to
Ka325) based on a cluster analysis of the Okean grab samples taken in the White
Sea in summer 1994.

The ,,Chupa shallow" (CS) cluster consisted three stations in water depths between 10
and 30m. This cluster contained 61 of the total 75 species found in the Chupa Inlet. The
benthic fauna of ,,Chupa shallow,, were characterized by the polychaete Nephtys ciliata

and the bivalve Arctica islandica. The latter species was found only in the samples of
CS.
The three stations of ,,Chupa deep" (CD) cl~sterwere found in water depth
between 40 and 70 m. In contrast to ,,Chupa shallow", the numbers of taxa were lower
(46),while the abundances (1097)were similar. The character species of CD were two
polychaete species, Cossura longocirrata and Owenia fusiformes. 0 . fusifonnes was
present only in this macrobenthic association.
The macrobenthic community ,,Kandalaksha shallow" (KS) is characterized by a
high number of taxa (104) and high abundances (2806). The cluster combined three
stations in water depth of 30 to 100m. The key species were the bivalves Astarte
elliptica, Dacrydium vitreum and Tridonta montagui, the polychaete Myriochele oculuta
and one ophiuroid, Ophiacantha bidentata.
The cluster ,,Kandalaksha deep" (KD) consisted of four stations with a total of 56
taxa and 1129 individuals. The stations were located in the deep basin of the
Kandalaksha Bay at water depth between 150 and 325 m. In comparison with KS,
abundances and species numbers were lower. This cluster was characterized by the
dorninance of the bivalve Portlandia arctica. However, the molluscs Nucula bellotii and
Philine lima and the polychaete Apistobranchus tullbergii were additional key species.
The bivalve Nuculana pemula occurred with higher biomasses in all samples from this
community, but does not fulfil the qualifications for character species (after
SALZWEDEL et al 1985).
Zoogeographic characteristics
With regard to the zoogeographical distribution of the macrobenthic fauna, five different
classes are distinguished: atlantic-boreal, atlantic-boreal-arctic, pacific-boreal-arctic,
amphiboreal-arctic, arctic.
In the total investigation area most of the macrobenthic species belong to the
amphiboreal-arctic distribution type (71%), followed by the atlantic-boreal-arctic (13%)
and the atlantic-boreal species (4%). In this analysis, only 3% of the macrobenthic
species belonged to the arctic fauna (Oenopota novajasemliensis, Philine lima,
Portlandia arctica, Urasterias linkii), whereas the brittle Star Stegophiura nodosa is the
only species with pacific-boreal-arctic zoogeographical distribution.
Concerning the echinodermata, only the atlantic-boreal-arctic species Ophiura
robusta was found in higher abundances, whereas the arctic seastar Urasterias linkii,
was found as few single specimens.
A total of 37 molluscs have been identified, of which 24 taxa are amphiborealarctic with a wide zoogeographical distribution area. The snails Philine lima and
Oenopota novajasem-liensis and the bivalve Portlandia arctica are elements of the arctic
fauna.
Concerning the polychaeta, only four species do not belong to the amphiborealarctic distribution type. The atlantic-boreal-arctic species Branchiomma bombyx,
Neoamphitrite affinis and Nicomache trispitana were found only in few numbers as well
as the atlantic-boreal polychaete Tharyx marioni.
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Fig. 2: Different zoogeographical groups in the Chupa Inlet and Kandalaksha Bay

Chupa Inlet
The amphiboreal-arctic taxa set never less than 50% of the species and inceased in 50m
water depth up to 80% (Fig.2). They accounted in water depth less than 50rn for up to
90% of the abundances, but increased by biomass from 15% (10m) to nearly 100% at
the 70m station. Together with the atlantic-boreal-arctic species they were the only
zoogeographic group, which may be evidenced at all stations. However, atlantic-borealarctic species accounted in different water depths only with a maximum of 20% of the
species. The larger abundance of the ophiuroid Ophiura robusta caused a higher
proportion at the lOm-station.
The atlantic-boreal-arctic anthozoan Cerianthus lloydii was responsible for the bigher
biomass in depth between 20 to 40m. Atlantic-boreal species only occurred in water
depth less than 40 rn. The most important representative was Arctica islandica, which
accounted for 80% of the local biomass at the lOm-station. Real arctic species were
found only as a few individuals (rnainly Portlandia arctica). Their weight is very small,
so that they are uninfluential on the total biomass.
Kandalaksha Bay
Similar to Chupa Inlet in the Kandalaksha Bay most species belong to the amphiborealarctic distribution type (Fig.2). The species percentages did not differ very rnuch
between the single stations, whereas major variations in abundances and biomass
between the different depth zones were more obvious. Atlantic-boreal-arctic species
were of less importance of the rnacrofauna in the Kandalaksha Bay. Their highest
abundances were found at the 30m-station, mainly caused by the presence of Ophiura
robusta and the curnacean Diastylis scorpioides. Atlantic-boreal species like Oenoba
jeffreysii were the minority at the stations of the Kandalaksha Bay. However, excluding
the depth of 58m and 150m, atlantic-boreal species were found at all other stations. The
real arctic fauna was found in water depth of more than 150 m. The essential element of
this distribution type was the bivalve Portlandia arctica, with its higher abundance
( ~ 4 0 % at
) the station in 325m water depth. With respect to its biomass, the percentage
ranged from 50 to 70% in depth of more than 150m.

Discussion
The White Sea has never had a marine connection to the Baltic Sea and is strongly
influenced from the adjacent Barents Sea and, thus, the northeastemmost Atlantic
Ocean. The White Sea as a cold water System is rather young in terrns of geological
history.
From a hydrographical point of view, ZENKEVITCH (1963) divided the Arctic region
in three zones concerning the distribution of benthic organisms. Together with die
southern and central Barents Sea, the White Sea belongs to the ,,lower-arctic shallow
sub-region", whereas the remaining Russian arctic region accounted to the,,hgh-arctic
shallow sub-region". Regarding zoogeography, the White Sea is very heterogeneous.
The main part of its macrobenthic species are amphiboreal-arctic and can be found in the
Atlantic, Pacific and Arctic Ocean. In this investigation, only 4 species exhibit an arctic
distribution, while, by the high total biomass of Portlandia arctica in the deep basin, die
arctic share in total biomass may be relatively high (s. NAUMOV & FEDYAKOV, this
volume). Atlantic and arnphiboreal-arctic species occurred mainly in the shallow areas,
whereas the arctic fauna is an element of the deeper parts of the White Sea (EKMAN
1953). 38 species of molluscs were identified, 18 bivalvia and 19 snails, accounting for
44% of 41, respectively 17% of 112, species altogether known in the White Sea.
Abundance and biomass of gastropoda were low in all samples. Only three species of
molluscs can be characterised as arctic. Portlandia arctica is the main arctic
macrobenthic element in the deeper parts (FEDYAKOV 1979, NAUMOV &
FEDYAKOV, this volume), whereas in other arctic regions P. arctica lives in water
depth between 10 to 50 m (OCKELMANN 1954). It seems that low water and sediment
temperatures are important environmental factors for P. arctica (GOVBERT 1973,
NAUMAOV 1977). The arctic snail Philine lima is not restricted to greater water depth
and is found in shallow zones of the White Sea, too (SCALATO 1987). In this
investigation, however, P. lima was collected only in the deeper parts of the White Sea
basin.The 68 identified polychaeta represent 45% of the 158 species known from the
White Sea area. EKMAN (1953) stressed that 28% of the polychaeta are restricted to the
arctic region. Similar to other investigations in other arctic seas (CURTIS 1975,
HOLTHE 1978, SCHMID & PIEPENBURG 1993) the polychaete fauna of the White
Sea is dominated by arnphiboreal-arctic species (52 species = 77%, in this
investigation). Not any polychaete species found was arctic.

The climate changes during the Pliocene, Pleistocene and Holocene eras are responsible
for the immature character of the arctic sublittoral fauna (BILYARD & CAREY 1980).
In the White Sea this is confirmed by the large amount of boreal species. A special
endemic fauna comparable to the Antarctic one could not evolve, since the evolution of
species takes plenty of time (KNOX & LOWRY 1977). Accordingly, the White Sea is
inhabited by a very heterogeneous fauna with strong relations to the Atlantic region.
During the last glaciation period the original fauna of the White Sea was totally
extinguished (GOVBERT 1973). Starting with the reduction of the ice shield, arctic
species like Portlandia arctica and Urasterias linkii irnrnigrated into the White Sea. In
continuation of the warrning, the arctic species migrated into the deeper Parts and can be
regarded as an arctic relict fauna. Some time afterwards, the boreal fauna from the
Atlantic and partly from the Pacific area spread into the White Sea and settled in shallow
water depth. Today, the White Sea accommodates beside its boreal and boreal-arctic a
cold-water and a warm-water relict fauna (EKMAN 1953, ZENKEVITCH 1963).
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ANNEX:

Table 2: List of Species

Chupa shallow (CS); Chupa deep (CD); Kandalaksha shallow (KS); Kandalaksha deep (KD)
CS
Porifera

Trichosternrna hernisphaericum
Cnidaria

Actinia sp.
Cerianthus lloydii GOSSE, 1859
Edwardsia sp. 1
Edwardsia sp.2
Gersemiafruticosa
Priapulida

Priapulus caudatus LAMARCK, 1816
Nemertini

Nemertini spp.
Annelida
Errantia

Sedentaria

Aglaopharnus malgreni THEEL, 1879
Anaitides groenlandica (OEWiED, 1842)
Anaitides rnaculata (L.)
Eteoneflava FABRICIUS, 1780
Eteone longa FABRICIUS, 1780
Exogone sp.
Gattyana cirrosa (PALLAS, 1766)
Glycera capitata OERSTED, 1843
Harmothoe nodosa (M. SARS, 1860)
Harmothoe sarsi sarsi (KINGBERG, 1865)
k g i s c a extenuata (GRUBE, 1840)
Lumbrineris fragilis ( 0 . F. MULLER, 1766)
Nephtys ciliata ( 0 . F . MULLER, 1776)
Nephtys longosetosa OERSTED, 1843
Nephtys paradoxa MALM, 1874
Pholoe minuta FABRICIUS, 1780
Schistomeringos caeca
Sphaeodorum j h u m OERSTED, 1 843
Ampharete acutifrons (GRUBE, 1860)
Ampharetefinmachica (M. SARS, 1864)
Amphitrite sp.
Apistobranchus tullbergii THEEL, 1879
Aricidea jeffreysii (McINTHOSH, 1879)
Brada villosa (RATHKE, 1843)
Branchiomma bombyx (DALYELL, 1853)
c h u e t o m e setosa MALGREN, 1867
Chitinopoma sp.
Chone duneri MALGREN, 1867
Chone infundibuliformes KROYER, 1856
Cirratulus cirratus ( 0 . F. MULLER, 1776)
clymenura borealis (ARWISSON, 1906)
cossura longocirrata WEBSTER & BEN., 1887
Diplocirrus glauca (MALGREN, 1867)
Euchone analis (KROYER, 1856)
Euclyrnene praetermissa MALGREN, 1865

CD;

KS

KD

Fabelligeridae sp.
Fabriciinae sp.
h s s a nordenskioeldi MALM, 1874
k o n i c e cirrata (M. SARS, 1851)
Maldane sarsi (MALGREN, 1876)
Maldanidae spp.
Manayunkia sp.
Meline cristata (M, SARS, 1851)
Myriochele heeri (MALGREN, 1865)
Myriochele oculata ZAKS, 1922
Neoa~nphitriteaffinis (HESSLE, 1971)
Nichomache li~~nbricalis
FABRICIUS, 1780
Nicliornache personata (JOHNSON, 1901)
Nichomache trispituna (ARWIDSSON, 1906)
Nicolea zostericola (OERSTED, 1844)
Notomastus latericiis SARS, 185 1
Owenia fusiforines DELLE CHIALE, 1841
Para~nphitritebirulai (HOLTHE, 1976)
Paraonis sp.
Pectinaria granulata (L.)
Pectinaria hyperborea MALGREN, 1865
Pherusa plimosa ( 0 . F. MULLER, 1776)
Polydora quadrolobata JACOBI, 1883
Prionospio cirrijiera WREN, 1883
Rhodine gracilior TAUBER, 1879
Sabellinae sp.
Scalibregma inflatiim RATHKE, 1843
Scoloplos armiger ( 0 . F. MULLER, 1776)
Tharxy ~narioniSAINT-JOSEPH, 1894
Terebellides stroemi M. SARS, 1853
Sipunculida

Golfingia margaritaceum (SARS, 1851)
Mollusca
Bivalvia

Caudofoveata spp.
Arctica islandica (L.)
Astarte elliptica ( B R O W , 1827)
Ciliatocardium ciliatum (FABRICIUS, 1780)
Crenella decussata (MONTAGU, 1808)
Dac~ydiumvifreum (MOELLER, 1842)
Hiatella arctica (L.)
Macoma calcarea (GMELIN, 1790)
Modiolus m o d i o l ~ ~(L.)
s
Musculus discor (L.)
M u s c u h niger (GRAY. 1842)
Nucula bellotii (ADAMS, 1856)
Nuculana ~ninuta(MULLER, 1779)
Nuculana pemula (MULLER, 1779)
Panomya arctica (LAMARCK, 1818)
Portlandia arctica (GRAY, 1824)
Thyasira gouldi (PHILIPPI, 1846)
Tridonta montagui (DILLARYN)
Yoldia ainygdalea lzyperborea TORELL, 1859

Cylichna alba (BROWN, 1827)
Cylichna occulta (MIGHELS, 1841)
Diaphane minuta ( B R O W IN SMiTH, 1839)
Hydrobia ulvae (PENNTANT, 1777)
k c u n a neritoidea GOULD, 1840
k p e t a coeca (MULLER, 1776)
Littorina obtusata (L.)
Margarites groenlandicus umbilicalis

Gastropoda

X
X

X

(BRODERIP & SOWERBY, 1829)

Moelleria costulata (MOELLER, 1842)
Oenoba jeffreysii (WALLER, 1864)
oenopota novajasemliensis (LECHE, 1878)
X
Oenopota trevelyana (TURTON,1834)
X
Philine lima ( B R O W , 1827)
Puncturella noachina (L.)
Retusa pertenuis (MIGHELS, 1843)
Retusa sp.
Trichotropsis borealis (BRODERIP & SOWERBY, 1829) X
Velutina velutina (MÃœLLER1776)

Arthropoda
Amphipoda

Cumacea

Anonyx sarsi (STEEL & BRUNEL)
Arrhis sp.
Harpinia sp.
Lembos sp.
Menigrates sp.
Monoculoides sp.
Phoxocephalus sp.
Stegocephaloides sp.
Tiron sp.
Diastylis scorpioides (LEPECHIN, 1778)
Diastylis rathkei (KROYER, 1841)
Diastylopsis resima SARS, 1900
kptostylis ampullacea (LILJEBORG, 1855)
kptostylis macrura 0 . G. SARS, 1869
Leucon sp.
Mysidacea sp.

Brachiopoa

Hemithyris psittacea (GMELIN, 1782)
Echinodermata

Asteroidea sp. juv.
Urasterias linkii (MULLER & TROSCHEL, 1842)
strongy~ocentrotuspallidus (SARS, 1871)
Chiridota pellucida (VAHL, 1806)
Ophiacantha bidentata ( R E n i u s , 1805)
Ophiopholis aculeata (L.)
Ophiura robusta (AYRES, 1851)
Stegophiura nodosa (LUTKEN, 1854)

New results on the macro-zoobenthos of the White Sea deep basin
A.D. Naumov and V.V. Fedyakov
White Sea Biological Station,
Zoological Institute, RAS, St. Petersburg

Part 1
Macrobenthos of the White Sea deep basin
1.1. Introduction
In spite of the fact that the White Sea is one of the best studied Russian seas, the life of its
deepest part is yet known insufficiently. N.M. Knipowitsch was the first who sampled sea
floor organisms in the deep part of the Basin (Knipowitsch, 1896). Twenty five years later the
famous studies directed by K.M. Derjugin were organised (Derjugin, 1928). A good knowledge of species composition was a result of these investigations, but there were no data on the
quantitative distribution of deep-water bottom animals in the White Sea. The first material of
this kind was obtained by L.A. Zenkewitsch (1927). Since that time very few data have been
available from the deep-water part of the Open basin of the White Sea (Semenova et al., 1995).
Taking this into account, it is important to study sea floor assemblages of this area under
modern aspects.
In this investigation the deep-water area of the White Sea was considered as the Zone
situated at approximately 200 m depth and deeper. This Zone occupies about 10% of the whole
area of the internal part of the sea. It is an ancient depression filled with moraine material covered with clay and a more or less thick layer of muddy sediment on its surface. This mud
consists of 70% pelite (clay) and 30% aleurite (silt) in average (Nevessky et al., 1977).
The hydrodynarnic conditions of this area are not studied at all; but, the presence of a thick
layer of aleurite-pelite sediment, containing a great amount of water and inhabited by fauna,
which reaches sometimes up to 20 cm, is an indication that there may not be strong water
movements in the White Sea central depression.
The hydrological regime of the deepest Part of the White Sea is very stable. The temperature
is about -1.5OC there all the year round, and the water salinity of this area is about 30%0. There
are no seasonal variations of these hydrological Parameters (Babkov, Golikov, 1984; See also
Berger & Naumov, this volume).

1.2. Material and methods
Material was sampled on board of research vessels ~ K a r t e s hand
~ ~ProfessorVladimir
Kuznetsov~in surnmer 1998 (Table 1) in the deep part of the Basin and the Kandalaksha Bay
(Fig. 1). Seven benthic stations, with three samples each one, were taken by Petersen's grab
(,,Okean"-type) of a sampling area of 0.25 m2. The only exception was station E, where six
samples were taken: three in June and three in July. The samples were sieved on board of the
research vessel (mesh size 1 mm) and preserved by 4% formalin and then sorted in the
laboratory. All species were identified except those belonging to Caudofoveata and Nemertini.
In some polychaetes only the family could be identified. Specimens of each species were
counted and weighed with an accuracy to 0.001 g (total wet weights, incl. shells). Density and
biomass of each species were recalculated for 1 m2.

Table 1
Description of stations taken
Station

Date

Depth

N latitude

E
longitude
34O15.00'
34'22.00'
34'30.30'
35Â°00.00
35'41.40'
35O41.40'
35'44.00'
35Â°00.00

Fig. 1. Location of stations. Stations are marked with corresponding letters

55

All the data were processed statistically. The confidence level P<0.05 was used as a criterion
of significant differences.
A function suggested earlier (Naumov et al., 1986a) was used to estimate whether the
species composition was studied sufficiently. It is the function
S=So ( 1-e-kN),
[ll
where S is the number of species discovered, S o - estimated number of species, e - the base
of Napierian logarithm, N - number of samples and k - coefficient. The coefficient k of the
function measurably reflects the evenness of species spatial distribution, narnely the higher its
value is, the faster decreases the value of the first derivative, the more even is the benthos
distribution.
An iterative procedure to obtain the empirical curve was used. At each Iteration the average
number of species for all samples was calculated and a sample possessing the most close
species number was selected in the primary matrix. This number was added to the cumulative
value, and the chosen sample with all its species was removed from the primary matrix.
The equation [1] in a recurrent form was used to obtain the theoretical curve.
If the local fauna is totally studied the first derivative at the point of the last sample should be
equal Zero. So its value was calculated for the point NnIain order to estimate whether the list of
species was complete enough.
method was used to estimate the correspondence of the empirical and theoretical
The
curves.
The Shannon-Weaver index (Shannon, Weaver, 1949)

v2

where S is the number of species, B, - the biomass of i-th species and B - the total biomass of
a cornmunity, was used to describe the species diversity in assemblages.
The index of oligomixness (Naumov, 1991)

where S is the number of species, s B- the standard deviation of species biomass of a
cornmunity and B - its total biomass, was used to describe the evenness of biomass
distribution between the species within an assemblage.
To find out the degree of resemblance of communities, the Jaccard similarity index (Jaccard,
1912) was used,

where S is the overall number of species in communities A and B, with A i and B - the
biomass of i-th species in them.

1.3. Results
The matrix of Jaccard sirnilarity index was calculated to find out if there is any difference
between stations taken in the Basin. No clearly separable clusters were obtained. The average
value of Jaccard index in the matrix was 41+2%. Such a value can be considered as a rather
low one; so it can be concluded that all the stations belong to a single assemblage. Average
biomass and density of each species in this assemblage arcpresented in Table 2.'

'

Species lists of each station are given in Appendix 1. Main features of communities found are given in
Appendix 2.
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Table 2: List of species of the deep-water assemblage of the White Sea,
ranked by biomass ( g total wet weight per m2)
Species

Biomass

Density

Portlandia arctica
Halcampa arctica
Tharyx marioni
Nuculana pernula
N e p h t h y s sp.
Nephthys ciliata
Cossura longicirrata
Polychaeta (fragmenta)
Scoloplos armiger
Chiridota pellucida
Urasterias lincki
Prionospio cirrifera
Saccoglossus
nzerezchkowskii
Laonice cirrata
Caudofoveata
Ophiacantha bidentata
Maldane sarsi
Arrhis phyllonyx
Diplocirrus longisetosus
Aceroides latipes
Nemertini
Leionucula belotii
Pholoe minuta
T u b u l a r i a sp.
Thyasira gouldi
Aricidea sp.
Nenzidia torelli
Artacama proboscidea
Pectinaria hyperborea
Cylichna occulta
Musculus niger
A n t i n o e l l a sp.
Leptognathia sarsi
Gammaridea
Hydractinia allmani
Probebella harpularioides
Musculus corrugatus
Chaetozone setosa
Westwoodilla brevicalcar
M o n o c u l o d e s sp.
Philine lima
Sabellidae
Buccinum elatior
Pandora glacialis
Myriochele oculata
Gersemia fruticosa
Admete couthouyi
Milnedwardsia polaris
Lunzbrinereis fragilis
Ampharete arctica
Leiochone polaris
Eteone longa
A i n p h a r e t e sp.
Capitella capitata
Perigonimus
y oldiaearcticae

!

In all the tables (+) character means that the species was registered but not weighted
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The average biomass of this assemblage is 27.094 g/m2, 55 species were found in it. The
following Parameters of the cumulative function [1] of species number for our material were
found:
L51
S=.57.19(1-e~~~~'")
See the plot of empirical and theoretical curves at Fig. 2. The value was 3.64, number of
degrees of freedom being 21, so one can consider these curves to be in good correspondence.
The estimated number of species (57.19) is very close to the empirical one (55); the theoretical
function reaches the value of 55 at 13-th sample and its first derivative is equal to 0.004 in the
point Nm,..Thus, we can consider that the species composition of the White Sea deep-water
assemblage was studied well enough by the sampling method used, and the species found
make 96% of expected ones.
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Fig. 2. Dependence of number of species on the number of samples
It is interesting to compare the evenness of benthos distribution in different parts of the
White Sea (Table 3). It can be easily Seen that the most even spatial distribution of the sea floor
animals is observed in the deep-water part of the Basin.
Table 3: The value of k coefficient in different parts of the White Sea
Place

l k
value

1 Source

of information

Dvina Bay
Mezen' Bay

Species diversity of the deep-water assemblage of the Basin, estimated by biomass is 3.582
bii/g and by density - 2.326 bitlspecimen. Its oligomixness is by biomass 36.68Â±3.50 and
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by density - 55.46Â±5.55% Thus, we deal with a diverse polymixous cornrnunity where
Mollusca, represented by 13 species, play the main role in terms of biomass (Fig. 3).

SS Coelenterara B Polychaeta

B Mollusca E3 Other taxa

Fig.3. Taxonomic composition of the deep-water assemblage estimated by biomass

H Boreal species
~Arctic-borealspecies
~ A r c t i cspecies
Species of unknown biogeographical origin

Fig. 4. Biogeographie composition ofthe deep-water assemblqe estimated by biomass

B Suspension feeders

3 Deposit feeders
[ni Carnivorous species
Omnivorous species
Species of unknown mode of feeding

Fig. 5. Trophic composition of the deep-water assemblage estimated by biomass
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Fig. 6 . k-dominant eilt-vesfor the deep-water assemblage
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The second position in these terrns is occupied by Polychaeta (25 species). About 30% of
biomass of this assemblage are created by arctic-boreal species and about 50% - by arctic ones.
For the biogeographic composition See fig. 4. More than 80% of biomass belong to deposit
feeders (Fig. 5 ) . Infauna species create about 90% of biomass, and an overwhelmmg majority
of dee -water benthic forms are vagile s ecies (93%). To estimate the succession process in the
assemglage, the k-dominant curves ($mick
et al.: 198'7) were plotted (Fig. 6). The kdominant curve of density lies higher than one of biomass. Difference between biomass and
density cumulates, verified by Kholmogorov-Smirnov criterion, is of high significance. Since
the investigated site is far away from the polluted areas of the White Sea (Naumov, Fedyakov,
1993), the fact may be considered as a reflection of some succession processes according to
Warwick's hypothesis.
The frequency of occurrence of species in the assemblage under consideration allows to
divide them into three groups: very regular (,,obligate"), common and rare ones. We considered
a species as regular if its occurrence did not differ significantly from 100%. Occurrence of rare
species, on the contrary, did not differ from Zero. All other species were regarded as common.
A significant hiatus can be mentioned between the occurrence of obligate and common species
(Fig. 7). In this terrns such species as Portlandia arctica, Nephthys sp., Cossura longicirrata
and Tharyx marioni can be treated as obligate forrns for the White Sea deep-water assemblage.
Its common species are Maldune sarsi, Prionospio cirrifera, Thyasira gouldi, Nuculana
pernula, Scoloplos armiger, Halcampa arctica, Saccoglossus inereschkowskii, Diplocirrus
longisetosus, Aricidea sp., Nemidia torelli, Nephthys ciliata, Antinoella sp., Urasterias lincki,
Pectinaria hyperborea, Cylichna occulta and Probebella harpularioides. At last Laonice cirrata,
Caudofoveata gen. sp., Aceroides latipes, Nemertini gen. sp., Pholoe minuta, Leptognathia
sarsi, Myriochele oculata, Ampharete arctica, Leiochone polaris, Ophiacantha bidentata, Arrhis
phyllonyx, Leionucula belotii, Artacuma proboscidea, Musculus niger, Philine lima,
Lumbrinereis fragilis, Chiridota pellucida, Garnmaridea gen. sp., Musculus corrugatus,
Chaetozone setosa, Westwoodilla brevicalcar, Monoculodes sp., Sabellidae gen. sp.,
Buccinum elatior, Pandora glacialis, Admete couthouyi, Milnedwasia polaris, Eteone longa,
Ampharete sp., Capitella capitata, Tubularia sp., Hydractinia allmuni and Gersemia fruticosa
can be named as rare species for the deep part of the Basin. All the above mentioned species are
listed by their frequency of occurrence in decreasing order. Further in the text only obligate and
common species are discussed.
The analysis of species density allows to distinguish some density groups in the assemblage
under discussion. A two-fold drop of density in the ranged sequence was taken as criterion for
division. In the present material the threshold value was exceeded in three cases. Four density
groups were established according to this fact - bountiful species Cossura longicirrata and
Nephthys sp.; abundant species Tharyx marioni; numerous species Prionospio cirrifera,
Portlandia arctica, Scoloplos armiger, Nemidia torelli, Aricidea sp., Diplocirrus longisetosus,
Pectinuriu hyperborea, Cylichna occulta and Maldune sarsi; sparse species Nuculana pernula,
Antinoella sp., Saccoglossus mereschkowskii, Thyasira gouldi, Halcampa arctica, Probebella
harpularioides, Nephthys ciliata and Urasterias lincki (Fig. 8).
Portlundia arctica is a species, dominant by biomass in the assemblage (Fig. 9). The
biomass of the dominant species did not exceed significantly the biomass of the first ordinary
species, which is Halcampa arctica, and there is no reason to consider it as a subdominant.
Such a situation is typical for polymixous communities, where the biomass is distributed more
or less even among the species. As it was shown earlier, polymixous communities are common
to deep sites in the White Sea (Naumov, 1991).

Species

Fig. 7 . Frequency of occurrence of obligate (thick line) und common (thin line) species
(rare species are truncated), plotted in decreasing Order. X axis - number of species in ranged sequence
Vertical bars - confidence intervals

Species

Fig. 8. Density (in logarithm scale) of obligate and common species
in the deep-water assemblqe
(rare species are truncated), plotted in decreasing Order. X axis - number of species in ranged sequence
Thick line - bountiful species; single dot -abundant species;
medium line - numerous species; thin line - sparse species

Species
Fig. 9. Biomass of obligate und common species in the deep-water assemblage
(rare species are truncated),
plotted in decreasing order. X axis - number of species in ranged sequence
Vertical bars - confidence intervals, single dot -dominant species

1.4. Discussion
It is interesting to compase the deep-water assemblage with Portlandia arctica as a dominant
and chasacteristic species with some other sirnilar cornrnunities from the White Sea. Similar
assemblages can be found in different places. First of all it is the Open basin of the White Sea.
We can compase our material with community found neas the Srednie Ludy Archipelago,
Kandalaksha Bay (depth 290 m, one station, one sample from 1981, our data, unpublished),
in the Velikaya Salma Strait, Kandalaksha Bay (depth 120 m, one station, one sample, our
data obtained within the framework of present project, sampled in 1998), at the transection
Sharapov Cape - Tury Cape, Kandalaksha Bay (average depth 230 m, four stations, twenty
samples, sampled in 1994, Deubel, 1995; see also Deubel, this volume) and Dvina Bay
(average depth 9 6 m, four stations, four samples, our data, sampled in 1981, Lukanin et al.,
1995). On the other hand one can find comparable communities in some more or less deep
inlets, isolated from the main hollow of the White Sea by a shallow ridge (sill).'
The temperature in such inlets is rather low, being about Zero, or even negative all the year
round (Knipowitsch, 1893; Naumov, 1979; Naumov et al., 1986b, Ninburg, 1990). It allows
arctic organisms to live there in a shallow area. Normally they cannot survive at corresponding
depth in the Open parts of the White Sea due to high summer temperature. We have some
material of such sites as the Palkina Guba Inlet, Kandalaksha Bay (depth 4 0 m, one station,
three samples, our data, sampled in 1998, unpublished), mouth past of the Kolvitsa Inlet,
Kandalaksha Bay (average depth 50 m, four station, four samples, our data, sampled in 1985,
Naumov et al., 1986b), head part of the Kolvitsa Inlet, Kandalaksha Bay (depth 40 m, one
station, one sample, our data, sampled in 1985, Naumov et al., 1986b), the Voronya Guba
Inlet, Kandalaksha Bay (depth 6 m, one station, one sample, data of Laboratory for Marine
Benthos Ecology, kindly offered by Dr. E. A. Ninburg, sampled in 1975, unpublished) and
the Dolgaya Guba Inlet, Onega Bay (average depth 15 m, ten stations, ten samples, data of

' For thc main t'eatures of thesc cornmunitics see Appendix 3
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Laboratory for Marine Benthos Ecology, kindly offered by Dr. E . A. Ninburg, sampled in
1985, Ninburg, 1990).
All the above mentioned material was collected and processed by methods, similar to those
used in our investigation. The average biomass of species was calculated for every site
mentioned above. During the first step of our analysis, only regular and common species were
used for the comparison with the deep-water assemblage. But, in the cases of the head part of
Kolvitsa Inlet, Voronya Inlet, Srednie Ludy Archipelago and Velikaya Salma Strait, where only
one sample is available, all the species were used in the analysis. During our second analytical
step, only species found in five or more sites were included into the primary matrix to avoid the
influences of rare animals. The Jaccard similarity index together with the weighted pair-group
average clustering method were used to create a dendrogram of resemblance of the assemblages
under investigation (Fig. 10).

Fig. 10. Cladogram of Jaccard similarity between different assemblages

..

with Portlandia arctica as a dominant soecies calculated bv soecies biomass
~ s s e m b l a g from:
~s
1 - Dvina Bay (96 m); 2 - Voronya Guba Inlet (6 m); 3 - Palkina Guba Inlet (40 m); 4 - head Part of the
Kolvitsa Inlet (40 m); 5 - mouth Part of the Kolvitsa Inlet (50 m); 6 - Dolgaya Guba Inlet (15 m); 7 - Srednie
Ludy Archipelago (290 m); 8- Velikaya Salma Strait (120 m); 9 - transection Sharapov Cape - Tury Cape
(average: 230 m; data from Deubel, 1995); 10 - deep-water part of the Basin

It is easily Seen that our material is closely related to that obtained by Deubel (1995). It
confirrns our suggestion about one single assemblage inhabiting the deepest part of the White
Sea hollow. The second good duster is forrned by communities from Palkina Guba Inlet and
two sites in the Kolvitsa Inlet, all three located in the head part of the Kandalaksha Bay.
Assemblages from other sites form their own clusters. Such a clustering can be easily
explained. The deep-water assemblage occupies the main White Sea depression with very
stable conditions: all year-round temperature there is about -1.4OC and salinity about 29-30%0
The same conditions are observed in the region of Srednie Ludy Archipelago. At the station
under discussion the temperature was -1.4O and salinity 29.5760. This site is the north-west
extrernity of the central White Sea depression. So one could expect to find the same cornrnunity
there. Yet we encountered a cornmunity of a great difference instead. It should be noticed,

however, that the region of Srednie Ludy Archipelago was already marked as a place with
abnormal distribution of benthic species (Fedyakov, Naumov, 1983; Fedyakov, 1986;
Naumov, Fedyakov, 1993). The high hydrodynamic activity of this region was mentioned
earlier to explain some peculiarities in the distribution of heavy minerals in the White Sea
sediments (Nevessky et al., 1977).
The Palkina Guba Inlet and the Kolvitsa Inlet are situated close to each other and have
similar hydrological and hydrodynamic conditions (1.6OC and 24.8%0 in the Palkina Guba
Inlet, -0.2OC and 28.4%0in the mouth part of the Kolvitsa Inlet, OSÂ° and 27.2%0 in its head
part). So it is no surprise to find similar communities in those sites. Four other sites differ
considerably from each other and from localities already discussed. The Velikaya Salma is
neither Open hollow nor inlet, but a strait with its own hydrodynamic regime. Stations in the
Dvina Bay are situated at the very shallow area of distribution of the assemblage under
discussion. Though the hydrological conditions there are similar to those in the deepest part of
the White Sea (-1.3OC and 29.2%0 in summer), the fraction of sand is in average two times
higher in the Dvina Bay (Nevessky et al., 1977). This may influence the bottom species.

Fig. 1 1. Cladogram of Jaccard similarity between different assemblages
with Portlandia arctica as a dominant species calculated by fraction of species biomass
Assemblages from:
1 - Dvina Bay; 2 - Voronya Guba Inlet; 3 - Palhna Guba Inlet; 4 - head Part of the Kolvitsa Inlet;
5 - mouth Part of the Kolvitsa Inlet; 6 - Dolgaya Guba Inlet; 7 - Srednie Ludy Archipelago;
8- Velikaya Salma Strait; 9 - transection Sharapov Cape - Tury Cape; 10 - deep-water part of the Basin

The Dolgaya Guba Inlet and the Voronya Inlet are very shallow coves situated in quite
different parts of the White Sea (Solovetsky Island, Onega Bay and continental shore,
Kandalaksha Bay). Nothing is known about the hydrological and hydrodynamic regimes of the
Voronya Inlet. On the contrary, the complicate and very specific water exchange and peculiar
temperature and salinity conditions of the Dolgaya Guba Inlet are studied rather well
(Knipowitsch, 1893; Ninburg, 1990). So, all the above mentioned sites have their own specific
features and possess differlng assemblages of arctic species with Portlandia arctica as a
dominant one.

In order to compare the structure of assemblages under consideration, norrnalised data were
taken in the analysis. The fraction of total biomass of each species was used to norrnalise the
community structure. Jaccard similarity matrix was clustered with weighted pair-group average
method as in the revious case.
Two main cksters can be seen in the cladogram (Fig. 11). One duster includes
assemblages of Open sea and the other - assemblages of cold-water inlets. The only exception
is the Open site assemblage from the Dvina Bay, belonging to small inlets cluster. W e shall
obtain more main clusters if we take the 50% level of similarity as a threshold value. In this
case one cluster will combine assemblages of Open waters of the Kandalaksha Bay, the second
cluster - assembla es of the Dolga a Guba Inlet and mouth past of the Kolvitsa Inlet. All other
cornrnunities will orrn their own C usters.
As the community structure of assemblages in the shallow water inlets differs from that of
Open parts of the sea, it is interesting to compare the average characteristics in both types of
biotopes (Tables 4-7).

f

F

Table 4. General feutures of assemblages of Portlandia arctica from different biotopes

(,,(Oligo-)MixnessC' is a measure of evenness with values near Zero in case of even biomass
distribution amongst species and near 100%, if only one species would make up almost all
biomass. ,,Polymixous" communities have values < 70%, ,,oligomixous" > 85 %;
assemblages with intermediate values are termed ,,mesomixous")

Table 5. Zoogeographie composition of assemblages
of Portlandia arctica froin different biotopes, bioinass, %

Table 6. Trophic cornposition ofassemblages
of Portlandia arctica from different biotopes, biomass, %
Biotop
Inlets
Open hollow

Suspension
feeders
12.9224.04
17.53k4.58

Deposit
feeders
8 1.68k4.66
77.37k5.04

Carnivorous
species
4.81k2.58
3,5852.24

Omnivorous
species
0.49k0.84
0.35k0.72

Table 7. Fraction of ii~fuunaland vagile (incl. infauna) species
in the assembluges of Portlandia arcticafim different biotopes, biomass, %
Biotope
Inlcts

1

1

Infauna
87.38k4.00

1
1

Vagile species
94.02k2.85

There is no significant difference between the general features of the fauna of both types of
biotopes except the percentage of vagile animals; so, this cannot account for the division of our
matenal into two big clusters. Neither this fact can be explained by the composition by larger
taxa (Table B), though the biomass of Anthozoa is significantly higher in the Open hollow
biotopes and such taxa as Sipunculida and Aplacophora were not found at all in shallow inlets.
All three taxa mentioned are of low frequency of occurrence; and the two last ones have a very
small biomass there. Thus, they can not influence the average community stmctures so
strongly.
Table 8. Taxonomic comuosition of the assembla~eso f Portlandia arctica
from different biotopes, biom&s, %
Taxon
Porifera
Hydrozoa
Anthozoa
Nemertini
Priapulida
Sipunculida
Polychaeta
Aplacophora
Gastropoda
Bivalvia
Tanaidacea
Curnacea
Amphipoda
Bryozoa
Enteropneusta
Asteroidea
Holothuroidea
Ophiuroidea
Tunicata

Open
hollow
0.26k0.62
1.2651.34
17.42k4.57
0.10k0.38
0.14&0,46
0.06k0.30
12.06k3.92
0.41k0.77
0.88k1.13
56.69k5.97
0.02kO.19
0.07k0.32
0.35k0.71
0.19k0.52
0.19k0.53
6.27k2.92
0.57k0.91
1.42k1.42
1.62k1.52

Inlets

To conclude, the assemblages in the Open basin and in the shallow inlets do not differ in
general features, but, only by their mere species composition and shares. Five species are
regarded responsible for this: Portlandia arctica whose biomass in shallow inlets is 25% higher;
Nuculana pemula, almost totally replaced in the inlets by Macoma calcarea; Lumbrinereis
fragilis whose biomass in the Open parts of the White Sea is six times lower, and Nemertini,
which were veiy rare in the deep-water assemblage. All the other mentioned species are regular
or common and are present at least in five assemblages under discussion (Table 9).
The dependence of some characteristics of assemblages, with Portlandia arctica as a
dominant form, on the depth is of special interest. The sites where more than one sample is
available were taken in the analysis. Each type of biotope - Open sea hollow or shallow inlets are represented with three communities only. Due to the lack of material the tendencies shown
below should be considered as preliminary information. The biomass, number of species and
fraction in biomass of carnivorous species increase with the depth both in coves and in the Open
sea. As an example, the number of species plotted against the depth is shown at the Fig, 12.
Another type of depth-dependence was found for the index of oligomixness, fraction in
biomass of deposit feeders, species of arctic origin and infauna species. In all these cases a
peak is found at the rniddle class of depth both in inlets and in the Open basin. As an example of
such a dependence see Fig. 13.

For Shannon-Weawer's diversity index and fraction of arctic-boreal species in the biomass
this dependence is vertically inverted. Future investigations are needed to clarify all these
results.

Table 9. Species composition of the assemblages of Portlandia arctica from different
biotopes, biomass, %; (species differing significantly are marked)
Inlets

N e p h t h y s sp.
0.3450 70
4 6552 54
Cylickrza occulta

A r i c i d e a sp.
Retusa pertenuis
Chaetozone setosa

1 02zk1.21
0 06k0 29
l 09+1 25
0.50k0 85
0.8451 10
8.70+3.39
2.84k2.00

Fig. 12. Dependence of species number oiz the depth
Thick line

-

shallow inlets. thin line - Open basin

Fig. 13. Dependence of the index of oligoinixness on the depth
Thick line - shallow inlets, thin line - Open basin

Not only the White Sea is a water-basin where Portlandia arctica forms specific
communities. One can find such assemblages in the Novaya Zernlya Trough and Spitsbergen
area (Barents Sea) as well as in the Kara Sea. The more far to the east, the more intensively this
clam is replaced by other species of the genus Portlandia. There is very little material in the
literature On the Arctic Seas, which could be compared with our data. The Paper of
V.A. Brotskaja and L.A. Zenkevich (1939) was the only comparable material found. Three
stations at the depth of 150-200 m in the Novaya Zernlya Trough, where an assemblage with
Portlandia arctica as a leading species was found, were sampled by these authors. For species
composition (obligate and common species) see Table 10.
Table 10. Species composition of the seafloor assemblage froin the Novaya Zernlya Trough
(computed after data of V A . Brotskaja and L A . Zenkevich, 1939)
Species, common to the White Sea deep-water assemblage are marked
Species
Macoma calcarea*
Portlandia arctica*
Golfingia nzargaritaceunz
Ciliatocardium ciliatum
Nuculana pernula*
Leionucula belotii*
Yoldia amygdalea
Pectinaria hyperborea*
Owenia assimilis
Amphipoda
Scalibregrna inflatum
Terebellides stroemii
Ophiocten sericeum
Mesidotea sabini
Cylichna alba
Ampharete arctica

Biomass Density
158.30
223
104.82
129
31.42
4
9
15.07
6.22
11
5.24
12
6
3.54
31
3.40
48
1.75
1.34
20
22
1.21
5
0.66
3
0.56
2
0.37
7
0.04
2
0.01

It should be noticed first of all that the dominant species of this assemblage is Macoma
calcarea, Portlandia arctica taking rank of a subdominant. There are no Nephthys sp.,
Scoloplos anniger, Lumbrinereis fragilis and some other species, so typical for the White Sea
deep-water bottom cornmunities. On the other hand such species as Ciliatocardium ciliatum,

Yoldia amygdalea and Terebellides stroemii are found in the Novaya Zemlya Trough whereas
in the White Sea they are common members of much more shallow-water assemblages. S o the
species composition of the bottom fauna in these two regions differs rather considerably from
each other.
The biomass of the Barents Sea assemblage (about 370 g/m2) is more than ten times higher
than the White Sea one. - On the other side, Brotskaja and Zenkevich marked only 30 species
in the Novaya Zemlya Trough community, while 55 species were found in our White Sea deepwater material.
If the shallower parts of the White Sea basin, with depths of 105-1 10 m, are
included, the species number rises up to more than 130 (see Galkina et al., this
volume). And when the additional 1 1 species found in our corer samples (see part
2) are taken into account, the total number of species found in 1998-99 is 66.
Deubel (1995)found 79 species in depths between 98 and 325 m.
There are very few samples in the material for reliable conclusions, but it should be marked,
nevertheless, that in our empirical data the cumulative of species number reaches the value
S=33 in the third sample, which is sirnilar in the theoretical curve - S3=36 (Fig. 2). If the
distribution of benthic species in the Novaya Zemlya Trough is even enough, we can expect a
similar number of species as in the White Sea deep-water assemblage. The suggestion of
evenness of benthos distribution is more OS less reasonable; for, the environmental conditions
are alike in both sites. So, at our present level of knowledge we have no reason to suggest a
great difference in species numbers of the two assemblages.
The species diversity in the Novaya Zemlya Trough assemblage makes 2.445 bit/g
(computed by us On the base of Brotskaja's and Zenkevich's data), which is of about one bitlg
lower than in our White Sea material. The index of oligomixness is 50.48%. Accordingly, the
assemblage can be treated as polyrnixous as the communities from the White Sea basin. The
fraction of biomass, belonging to deposit feeder is almost the same in both areas: about 86% in
the Novaya Zemlya Trough and about 80% in the White Sea hollow. So, one may conclude
that by many formal features there is no huge difference between the assemblages under
discussion. The main distinction is that in the species composition. This strongly affects the
biogeographic composition: The biomass of arctic species makes 28.40% only in the area of
Novaya Zemlya, arctic-boreal species forming 69.12%. In the White Sea deep-water
comrnunity the situation is just contrary.

1.5 Conclusions
1. The deep-water part of the White Sea is inhabited by a single macro-zoobenthos
assemblage, Portlandia arctica being its dominant species.
2. This deep-water assemblage of the White Sea is diverse and polymixous. 55 species
were identified (at depths > 170 m).
But, total species number is even higher (> 130), especially, when the more shallow
margins of the basin (100 - 150 m) and other methods than grab sampling (tube coring)
are included in evaluations.
3. Infauna species and deposit feeders are predominant in this assemblage.
4. Somehow similar communities inhabit some shallow-water inlets of the White Sea.
However, they differ from the deep-water assemblage by their species composition.
5. A similar assemblage found by Brotskaja and Zenkevich in the Barents Sea differs
from that of the White Sea by its species and biogeographic composition.
The assemblage in the White Sea basin is of much more arctic nature.
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Part 2

Small benthic organisms and juveniles of macrobenthic
species in the White Sea deep-water assemblage
2.1. Introduction
The White Sea deep-water biotope is exceptionally stable. For the short description of this
area, see part 1 of our macro-zoobenthos report. The main idea of the present investigation was
to find out if there is any seasonal dynamics in density or biomass of macrobenthic species in
such a stable environment, where only seasonal changes of sedimentation conditions (including
input of food particles) may occur. It is evident that for adult organisms, with more or less long
life cycles, the seasonal dynamics, if any, could hardly be discovered owing to the relatively
short duration of the project. One way to solve this problem is to investigate the dynamics of
juveniles and small species with approximately one-year life cycles. So, in present research, the
complex of such organisms belonging to the White Sea deep-water assemblage, described in
the first Part of this Report, was studied. This complex was considered as a whole and was not
divided into juveniles and small adult animals. Macrobenthic, as these species are treated
traditionally, they are of size of meiobenthic organisms or hardly exceed it.
The seasonal dynamics of the sea floor cornrnunities in the White Sea are not yet studied
sufficiently. Some Papers deal with shallow-water assemblages (Myagkov, 1975; Golikov et
al., 1985), others - with individual species (Kalyakina, 1980). But, there is not a single one
on seasonal changes in the White Sea deep-water communities. Accordingly, it was important
to examine, whether there is any seasonal dynamics in such specific conditions, and, thus, to
contribute the the overall project objective to investigate the intensity of pelagic-benthic
coupling and the seasonality of the White Sea deep basin ecosystem.

2.2. Material and methods
The chosen stations were the Same as in macrobenthic investigations (see 1.2). In addition,
one station named NL near the Ileyky Islands was established at a depth of about 100 m in
order to have some inforrnation for comparison. Material was sampled on board of research
vessels ~ K a r t e s hand
~ <<ProfessorVladimir Kuznetsov~in the deep part of the Basin and the
Kandalaksha Bay (Fig. 14) by minicorer with tubes of a sampling area of 25.5 cm2 (sampling
time, locations and other information are presented in Table 11). The samples were preserved
by 4% forrnalin on board, then washed out (sieve mesh size 0.25 mm) and sorted in the
laboratory. Almost all species were identified except some juveniles of Polychaeta, Cmstacea
and Bivalvia. Nemertini and some hydrozoan species were not identified.
Specimens of each species were counted. If the specimens were heavy enough, they were
weighed with an accuracy 0.001 g, if not, they were measured under a binocular rnicroscope
with an accuracy 0.025 mm, and their weights were computed according to the following
rules: For worm-like organisms length and diameter were measured, and their volume was
approximated by a cylinder; a spherical approximation was used for bivalve juveniles (< 1
mm), the length of their shells being measured. As a first approximation the volume was
assumed equal to the weight of these tiny animals. Density and biomass of each species were
recaiculated for 1 m2. All the data were processed statistically. The confidence level P<0.05

was used as a criterion of sisnificant differences. Other mathematical methods used are
described in the chapter 1.2 ( s e e ~ a r 1).
t
Table 11. Description of sampling stations

Station
A

Number of
samples
12.08.98
3
Date

Depth (m)
170

Fig. 14. Location of stations. Stations are marked with corresponding letters
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2.3. Results
The matrix of Jaccard similarity Index was calculated to find out if there is any difference
between stations taken in the Basin. No good clusters were obtained. So one may conclude,
that all the stations belong to a single assemblage. Nevertheless, the complex at the station near
the Ileyky Islands differs somewhat from that of other stations by species composition and
biomass. That is why below they are treated as closely related but different complexes. On the
other hand the material available does not allow to distinguish any seasonal changes in them.
Nevertheless an attempt will be made further to discover some seasonal dynamics for separate
species.
Average biomass and densitv of each suecies in the comulexes under discussion are
presented in Table 12.'
Table 12. List o species of the complex of small s ecies und juveniles
in i e deep-waier ussernblage of ihe White Sea

l

Species
Cossura longicirrata
Nephthys sp.
Polychaeta fragmenta
Prionospio cirrifera
Tharyx marioni
Artacama proboscidea
~ a c c o g i o s s u s mereschkowskii
Portandia arctica
Tubularia regalis
Pholoe minuta
Musculus niger
Scoloplos armiger
Maldane sarsi
Oedicerotidae
Laonice cirrata
Leptognathia sarsi
Diplocirrus longisetosus
Aricidea nolani
Sabellidae
Nemidia torelli
Chaetozone setosa
4ceroides latipes
Monoculodes sp.
Cylichna occulta
4rrhis phyllonyx
Westwoodilla brevicalcar
Pseudoma truncatum
Pectinaria hyperborea
Hydractinia sp.
Bougainvillidae
Lumbrinereis fragilis
Athecata

Open h low
Biomass
Density

Near Ileyt
Biomass

Islands
Density

1.219k0.124 3749k4OE 3.750k0.782 18612k3673
1.612k0.177 2O59kl2I 2.420k0.438 2893k626
0.578kO.110
0.860k0.516
0.322k0.092
130k33 0.586k0.419
156&96
1.470k0.336 556k92 0.156k0.156
78k78
13k10 0.235k0.235
0.052k0.039
78k78
0.730&0.510 17k12 0.860k0.611
156k96
0.226kO.145
1l3k29 O.OOOkO.OOO
OkO
0.043k0.043
O.OOOkO.OOO
0.035k0.027
26Â±1 0.080k0.062
235k156
0.009+0.006
0.000Â±0.00
959
OÂ±
174Â±4 0.023k0.023
1.079k0.502
78k78
26k15
0.430k0.284
0.000k0.000
OkO
9Â±
0.004k0.004
O.OOOkO.OOO
OkO
0.295kO.123 243k107 O.OOOkO.OOO
OkO
52k36
0.019k0.012
0.000Â±0.00
OkO
0.148kO.G57 139k42 O.OOOkO.OOO
OkO
0.128k0.051
87227
1.210k0.432
547k199
0.004k0.004
0.000k0.000
9k9
OkO
17k12 O.OOOkO.OOO
0.009k0.006
OkO
0.218k0.113
2.260k0.858
78k29
704k287
0.217kO.153
52k24
0.469k0.379
156k96
0.009+0.009
O.OOOkO.OOO
9Â±
OkO
0.1O4kO.073
0.078k0.078
35k21
78k78
17k12 0.000~0.000
0.070k0.050
OkO
0.009k0.009
0.547k0.547
9Â±
156k156
O.OOOkO.OOO
9Â±
0.009k0.009
OkO
6 lk25
0.065k0.044
1.486k0.746 3050k1486
0.017k0.017
0,000Â±0.00
0.004k0.004
0.000+0.000
26k15
0.280k0.246
5.953k15.565
91k76
0.004k0.004
0.008Â±0.00

' Species lists of each station are given in Appendix 4.
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Table 12 (continuation .List of species of the complex o sinall species und juveniles
in t e deep-water assemblage of the hite Sea

h

Species
Yoldia amyedalea
Nemertini
Philine lima
Typhlotanais finmarchicus
Brada sp.
Spiomorpha
Capitella capitata
Myriochele oculata
Dacrydium vitreum
Tanaidacea
Limnoria lignorum
Bivalvia
Polychaeta
Mytilus edulis
Syllidae
Leucon nasicoides
Phyllodocidae
Admete couthouyi
Aphroditidae
Syrroe crenulata
Eucratea loricata
Paroediceros lynceus
Ampharetidae
Terebellidae
Gerseinia fruticosa
Harpinia antennaria
Praxillella praeterinissa
Maldanidae
Macoma calcarea
Frigidalvania jannzayeni
Retusa pertenuis
Thyasira gouldi
Terebellides stroemi
Flabelligera affinis

{V

Open h low
Biomass
Density

oÂ±

26515
9k9
O+O
9+9
OkO
OkO
OkO
9Â±
26519
130Â±1
148k68
165k50
130Â±3
26k19
9+9
9Â±
17512
9Â±
9k9
9Â±
17512
959
959
9Â±
959
OkO
050
OkO

oÂ±
OkO
020

Near Ileyh
Biomass

Islands
Density

0.89910.379 !581k1082
0.238L0.234 1965124
0.039k0.039
783~78
0.063k0.027 391k175
0.117k0.078
156+96
0.117k0.117 2355235
0.07850.078 156k156
0.15610.156
78k78
0.000~0.000
OkO
0.000~0.000
050
0.00010.000
oÂ±
0.009k0.009 5475547
0.077k0.077 156k156
0.002k0.002 235k235
0.00050.000
OkO
0.000Â±0.00
oÂ±
0.000Â±0.00
OkO
0.000Â±0.00
050
O.OOOkO.OOO
OkO
O.OOOkO.OOO
oÂ±
O.OOOkO.OOO
0.00010.000
oÂ±
0.00050.000
050
0.000Â±0.00
oÂ±
0.000Â±0.00
0.000Â±0.00
050
0.000~0.000 OkO
0.039Â±0.03 78+78
0.07850.078 l56kl.56
0.391k0.391
78k78
0.15650.156
78k78
0.15650.156 156k156
0.003k0.003
78k78
0.02250.022
78k78

and juveniles in tht deep-water
The average total biomass of the complex of smal1 species
assemblage is 10.63 g/m2 (which makes 39.22% of the total biomiss in it), 49 speci6s were
found there. The following Parameters of the cumulative function [1, Part 1] of species number
for our material were found:
S=50.29(1-e".093N)
[61
See the plot of empirical and theoretical curves at Fig. 15. The y2 value was 4.07, number
of degrees of freedom being 42; therfore, one can consider these curves to be in good
correspondence. The estimated number of species (50.29) is very close to the empirical one
(49), the theoretical function reaches the value of 49 at the 40-th sample; and its first derivative
is in point N = 0 . 0 7 4 . Thus, we can consider that the species composition of small species
and juveniles complex, belonging to the White Sea deep-water assemblage, was studied well
enough for the sampling method used, and the species found make 97% of expected number.
11 additional small species were found in the corer tubes compared with the grab samples (see

part 1). The total number of species found in the deep basin during the INTAS study in 1998
and 1999, accordingly, is 66.
The 5 samples available at the station near the Ileyky Islands are too few to estimate,
whether the species composition was sufficiently studied there. It can only be noted that 36
species were found there and the biomass of the compiex was 35.74 g/m2 - which exceeds
biomass in the deep part of the Basin more than three times.

Number of samples

Empirical curve

-

- - -Theoretical curve

Fig. 15. Dependence of the number of species on the number of samples
The taxonomic composition in both complexes is practically identical, with Polychaeta
dominating by biomass (table 13), whereas in the whole assemblage Mollusca prove dominant
(see Part 1).
In comparison to the whole assemblage, the fraction of biomass of arctic species is
extremely low (Table 14). About a half of biomass of the complex belongs to arctic-boreal
species. Thus, the complex in general does not look as arctic as the whole assemblage. The
significant difference in the fraction of arctic-boreal small/juvenile species between the
cornrnunities of the Open basin and near the Ileyky Islands should be noted (Table 14).
Deposit feeders make the main part of biomass in the complex as well as in the whole deepwater assemblage. No significant difference of their fraction by biomass was found between
the Open hollow and near the Ileyky Islands (Table 15).
Four grcups of species can be distinguished in the complex by thdr frequencies of occurrence
(Fig. 16). The rubs described in the chapter 1.3 of part 1 weie used to discrirninate them.
Nephthys sp. and Cossura longicirrata were consideied as very regular (obligate) species, T h q x
rnarioni - as a frequent one, and Scoloplos armiger, Prionospio cimyera, Ariddea nokmi,
Polychaeta gen. sp., Portandia arctica, Diplocimis longisetosus, Chxtozone setosa, Bivalvia gen
sp., Pectinm'a hyperborea, Mytilus ed~dis,Laonice cirraici, Aceroides laiipes and Limnoria
ligrzonim - as cornrnon species. All these groups are significantly different f r m each 0 t h . It
should be especially mariced that juveniles of My tilus edidis were found at a great depth in the open
hollow of the White Sea Thus, the larvae of blue mussel can drift far away f r m the shore and
pass mehmorphosis under unusual conditions. Obviousiy these juveniles do not survive; for, not
any adult mussel was found in the deep part of the Basin since its investigation started a century
ago.

Table 13. Taxonomic composition of small species und juveniles complex,
estimated b j ~biomass
Fructioizs of each taxotz ure given, followed b j standard errors

Open hollow

Taxon

Near Ileyky
Islands

Coelenterata
Polycheata
Bivalvia
Gastropoda
Crustacea
Other taxa

Table 14. Biogeographic composition of the complex of small species und juveniles,
estimated by biomass; compared with the data on larger macrofaauna,
taken from Table 5 (part 1 )
Fractions of each biogeographic group followed by standard errors are given

Open basin
Biogeographie
small macrof.
grOUP

Near Ileyky
Islands

3.57k2.76
40.58157.32
5.57k3.51
50.28k7.45

2.52k7.01
7 1.33k20.22
2.95k7.57
23.19k18.87

Boreal
Arctic-boreal
Arctic
unknown

Open basin
large macrof.
(data s. part 1)
0.87k1.1
42.65k5.9
46.73k6.0
ca. 10

Table 15. Trophic composition of small species und juveniles complex, estimated by biomass
Fractions of each trophic group followed by standard errors are given

Trophic group
Deposit feeders
Suspension feeders
Carnivorous
Omnivorous

Open hollow

Near Ileyky
Islands

55.32k7.41
35.21k7.12
0.33k0.85
3.54k2.75

80.73k17.64
13.63k15.34
O.OOk0.00
3.02k7.65

4

6

8

10

12

14

16

18

Species

Fig. 16. Frequency of occurrence of regular (thick line),frequent (single dot) und common
(thin line) species
(rare species are truncated), plotted in decreasing order
X axis - number of species in ranked sequence. Vertical bars - confidence intervals
The roup of rare s ecies consists of Pholoe minuta, Lumbrinereis fra ilis, Nemertini sp.,
Saccog ossus meresc kowskii, Cylichna occulta, Artacumu proboscidea, Maldane sarsi,
Leptognathia sarsi, Brada sp., Dacrydium vitreum, Musculiis niger, Nemidia torelli, Arris
phyllonyx, Westwoodilla brevicalcar, Athecata sp., Phyline lima, Tubularia regalis, Oedicerotidae sp., Sabellidae sp., Monoculodes sp., Pseudoma truncatiim, Hydractinia sp., Bougainvillidae sp., Syllidae sp., Leucon nasicoides, Phyllodocidae sp., Admete couthouyi, Aphroditidae s ., Syrroe crenulata, Eucratea loricata, Paroediceros lynceus, Ampharetidae sp.,
Terebelli!?
aeIsp., Gersemiafruticosa, Harpinia antennaria and Praxillella praetermissa.
All the above mentioned species are listed in decreasing order of their frequency of
occurrence. In the further text only regular, frequent and comrnon species are discussed.

P

E

The analysis of species density allows to distinguish some density groups in the complex
under discussion. The criterion chosen for division was the same as for the whole assembla e,
namely a two-fold decrease of density in a ranged sequence. The threshold value was exceeded
twice in the material presented. Three density groups were established according to this fact bountiful species Cossura longicirrata, abundant species Nephthys sp.; and sparse species
Tharyx marioni, Pectinaria hyperborea, Laonice cirrata, Scoloplos armiger, Chaetozone setosa,
Aricidea nolani, Prionospio cirrifera, Diplocirr~islongisetosiis, Limnoria lignorum, Portandia
arctica and Aceroides latipes (Fig. 17).
Three groups of species, differing by biomass, were distinguished in the complex
(Fig. 18). A sharp drop in biomass (about 0.5 g/m2 in our material) in a ranged sequence was
chosen as a criterlon for discriminating of the three groups of species. The leading group in the
decreasing order of biornass was represented by Nephthys sp., Cossura longicirrata and
Tharyx marioni, the group of medium biomass included only one species - Scoloplos anniger.
Cornmon species such as Chaetozone setosa, Prionospio cirrifera, Laonice cirrata, Aceroides
latipes, Aricidea nolani, Pectinaria hyperborea, Portarulia arctica, Diplocirrus longisetos~isand
Limnoria lignoriim formed the third group with the lowest biomass.

6

7

Species

Fig. 17. Density of regiilar, frequent und cornmon species,
plotted in decreasing order (rare species are truncated)
X axis - number of species in ranked sequence
Vertical bars - confidence intervals; single round dot - bountiful species;
single rhombic dot - abundant species; line - sparse species

r,
and c o m species,
Fig. 18. Biomass of r e g ~ ~ l ufrequent
plotted in decreasing order (rare species cire trimxted)
X axis - number of species in ranked se uence,.
Vertical bars - confidence,inter"als; thick line,-?eading species;
single dot - species with medium biomass; thin line - common species

2.4. Discussion
No significant changes in total biomass and structure were found in the complex of juveniles
and small species belonging to the deep-water assemblage in the present investigation. The
question arises if there is any seasonal dynarnics in any particular species. Due to a very high
dispersion of biomass and density any changes of these properties were not statistically
significant for all the species studied. Nevertheless we shall try to trace time variation of density
in some deep-water benthic juveniles in order to find out if it is necessary to pay attention to
them in future investigations. No other station is discussed but the station B; for, it is the only
site where material was obtained five times in different seasons. All the ideas discussed below
are not firmly established facts, only suggestions; they are of preliminary nature.
First of all it should be noted that all bivalve juveniles except Portlandia arctica were found
only in August, when the mass recruitment of clarn populations takes place. Thus, not only
blue mussel spat can be assumed to drift from coastal waters and pass metarnorphosis in the
Open hollow of the White Sea. It is very probable that all unidentified juveniles of Bivalvia in
our material are shallow-water ones; and they do not survive the severe conditions of the deepwater biotope.
As the most part of species in the complex under consideration have very low densities, only
few of them can be discussed. First of all these are Cossura longicirrata and Nephthys sp.
(Fig. 19). Cossura longicirrata is most abundant in the second part of summer, probably, in
August. It is difficult to determine the exact time, because of rare sampling. Nevertheless the
most probable terrn of spawning of this species is July. The maximum of its biomass was
observed in November 1999 (Fig. 20), while in 1998 no late auturnnlwinter sampling was
done.
As for Nephthys sp., there was no change in density found (fig. 19), but its biomass
shows the Same Pattern as Cossura longicerrata's density (Fig. 20). Probably, the spawning in
this species take place earlier and the peak of density was not detected due to the fact that
sampling was not performed in the proper time.
Fig. 21 presents the density of four other species plotted against the time of observation.
The main Patterns strongly resemble that of Cossura longicirrata; accordingly, the spawning of
these species also seems to occur in July.

Time
-Cossura

longicirrata -Nephthys

sp

Fig. 19. Dynanzics of density ofjuveniles in bountiful and abundant species during the time of
investigation

Time
-Nephthys

sp. -Cossura

longicirrata

Fig. 20. Dynamics of biomass ofjuveniles in bountiful und abundant species during the time
of investigation

Time
Scoloplos armiger
-Portandia

arctica

. - . . - - . Aricidea nolani

-Chaetozone

setosa

Fig. 2 1. Dynamics of density of juveniles in four sparse species during the time of
investigation
It can be preliminarily concluded from these observations that the most probable time of
spawning in the species mentioned is the middle of summer. Additional investigations are
needed to confirm this. In future research, if any, more often sampling should be made, once
or twice a month at least during the navigation period without ice. On the other hand, in order
to compare the annual Patterns, at least three years of observations are necessary. However,
already now is clear that seasonal dynamics of density can occur in some species belonging to
the deep-water assemblage of the White Sea hollow notwithstanding the stable environrnental
conditions there.

1. No seasonal dynamics in the deep-water assemblage of the White Sea was found in
the total biomass and structure of the complex of juveniles and small species.
2. A prelirninq conclusion can be made that particular species, neveriheless, can
exhibit seasonal dynamics.
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Appendix 1
Species found at the grab stations in the deep basin area of the White Sea.
Average bio~nass(g/m2 total wet weights) and average, dens~ties(spec~rnenslm~)
followed by standard errors are given
Station A
Species

Biomass

Density

Portlandia arctica
Nuculana pernula
Nephthys ciliata
Tharyx rnarioni
Nephthys sp.
Cossura longicirrata
Polychaeta (fragmenta)
Caudofoveata
O p h i ~ a n t h bidentata
a
Aceroides latzpes
Scoloplos arrniger
Arrhrs phyllonyx
Prionospw cirrifera
Thyasira gouldi
Pholoe minuta
Pectinaria hyperborea
Pandora glacialis
Gersemia rutzcosa
M rioche e oculata
aldane sarsi

A/

/

Station B

Species
Portlandia arctica
Scolo los armiger
~ e p h i h sp.
~s
Tharyx rnarioni
Cossura lorzgicirrata
Urasterias linckj
Halcampa arctica
Ne hthys ciliata
~ o f y c h a e ~ffr?
a
mental
prwnospo cirr&ra
Arrhis phyllonyx
Aricidea sp.
Cylicfirta occulta
Saccoglossus mereschkowskii
H dractinia allmani
~ h y a s i r gouldi
a
Pectmaria hyperborea
Wesiwoodilla brevical~ar
Probebella /iarp~/arzozdes
Philine lima
Antirioella s
~ilnedward?;apolaris
Diplocirrus longisetoszts
Leiochone polaris
Amuharete arctica
Etebne longa
Myriochele oculata
Lumbrinereis fragilis
Leptognathia sarsi
Perigonimus yoldiaearcticae

Biomass

Density

Station C
uensity

Halcam a arctica
portlandia arctica
Chiridota pellucida
Nuculana pernula
Luonice cirrata
Nephthys sp.
Cossura longicirrata
Polychaeta (fragmenta)
Tharyx marioni
Diplocirrus Ion isetosus
Leionucula beittii
Nemidia {orelli
Prwnospzo cirrifera
Lepto nathia sarsi
~ r i c d sp.
a
Sabellidae
Nemertini
Station D
species

~iomass

Portlandia arctica
Nuculana pernula
Nephthys ciliata
Tharyx marioni
Nephthys sp.
Pholoe minuta
Maldane sarsi
Musculus ni er
Polychaeta ffragmenta)
Gammaridea
Cossura longicirrata
Scoloplos armi er
Thyasira gouldl
Caudofoveata
Station E (June)
species

Portlandia arctica
Saccoglossus mereschkowskii
Tharyx marioni
Polychaeta (fragmenta)
Antinoella sp.
Maldane sarsi
Scoloplos armi er
Thyasira gouldi
Aricidea sp.
Prionospio cirrifera
Philine lima
Ne htlzys sp.
~ d m e t ecouthouyi
Nemertini
Dzploczrrus Ion isetosus
~umbrinereis/agilis
Cossura longiczrrata
Leiochone polaris
Ca itella capitata
C$ ichna occulta
Amvharete arctica

uensity

Station E (July)
Species

Biomass

Uensity

Portlandia arctica
Tlzaryx marzoni
Nephthys sp.
Cossura longicirrata
Pol chaeta (fragmenta)
~ubulariasp.
Prionospio cirrifera
Maldane sarsi
Thyasira gouldi
Saccoglossus mereschkowskii
Pectinaria hy erborea
Nemidia t o d i
Uras.tenas lzncki
Myrtochele oculata
Ampharete arctica
Station I
Species

Biomass

Uensity

Portlandia arctica
Halcainpa arctica
Nephthys ciliata
Cossura loizgicirrata
Nuculana pernula
Saccoglossus mereschkowskii
Nemertini
Nephthys sp.
Tharyx marioni
Leionucula belottii
Polychaeta (fragmenta)
Artacama proboscidea
Antinoella sp.
Scoloplos armiger
Buccznum elaizor
Maldane sarsi
Pectinaria hy erborea
Nepidza @re.lfi
Przonospzo cirrifera
Diplocirrus loizgzsetosus
Ariqidea sp.
Cylzchna occulta
Station K

1

Species

Å¸iomas

1
I

Portlandia arctica
Nuculana pernula
Nephthys ciliata
Tharyx marioni
Nephthys sp.
Cossura longicirrata
Polychaeta (fragmenta)
Caudofoveata
Ophiacantha bidentata
Acerozdes latzpes
Scoloplos armiger
Arrhzs phyllonyx
Prionospzo cirrifera
Thyasira gouldz
Pholoe mtizuta
Pectinaria hyperborea
Pandora glacialis
Gersemza rutzcosa
M rioche e oculata
aldane sarsi

M'

/

Uensity

Appendix 2
Main features of sea floor communities, found on stations A, B, C and D
Feature
Number of species
Biomass, a/mz
Infauna soecies bv biomass. %
Vagile species by biomass, %
By hiomass, bitlg
By density, bitlspecimen
By biomass
By density

Arctic-boreal species
Arctic species
Unknown
Phytofagous species
Suspension feeders
Deposit feeders
Carnivorous species
Omnivorous species
Unknown
Hydrozoa
4nthozoa
Nemertini
Polychaeta
iplacophora
iastropoda
Bivalvia
rhanaidacea
irnphipoda
Iphiuroidea
ksteroidea
3olothuroidea
interopneusta

1

1

Stations
A
B
C
21
31
18
29.639
43.526
38.537
86.39Â±19,8 1 86.63i19.65 1 93.02Â±14,7
94.08i13.63
94.53i13.13
94.16k13.54
Diversity
2.9192
3.2195
3.3363
2.1394
2.8517
2.1634
Oligomixness, %
37.84i6.31
29.262~4.51
38.31i4.95
53.40i8.90
57.7257.86
34.33627
ition by biomas
1.8057.68
53.03i28.81
22.52zt24.12
13.77i19.89
23.13i24.34
n by biomass, Â

1

2.10zt8.28
1.59i7.22
71.64zt26.02
80.75Â±22.7
21.27i23.63
12.62i19.17
1,323~659
2.15k8.37
4.18*ll.SS
2.37i8.78
ixonomic compos ion by biomass,
0.67654.732
4.882i12.441

1

1

1

D
14
17.775
91.93k15.73
93.51i14.22
2.5594
1.0566
44.16i8.35
83,923Z16.46

Main features of sea floor communities, found on stations E (June), E (July), I and K

Feature
Number OSspecies
Biomass, g/m2
Infauna species
Vagile species
By biomass, bitlg
By density, bitlspecimen
By biomass
By density

Arctic-boreal species
Arctic species
Unknown
Phytofagous species
Suspension feeders
Deposit feeders
Carnivorous species
Omnivorous species
Unknown
Hydrozoa
Anthozoa
Nemertini
Polychaeta
Apiacophora
Gastropoda
Bivalvia
rhanaidacea
4mphipoda
Dphiuroidea
4steroidea
Holothuroidea
Enteropneusta

1
1

E (June)
21
10.957
94.84iz12.77
92.61h15.10

1

1
1

Stations
E (July)
1
I
16
23
19.346
23.782
90.15k17.20
98.16k7.76
89.49k17.71 1 97.20iz9.52

1

1.8576
2.4432
2.6804
1.3853
Oligomixness, %
65.52k10.11
46.04k8.14
50.14i7.93
66.84513.11
iition by biomas
2.02i8.12
5.28i12.91
18.69k22.51
65.96i27.3628
39.33i28.20
28.34i26.02
39.96i28.28
Trophic composi in by biomass, ?'

3.71k10.91
ion by biomass,
3.368k10.416

1
1

K
21
29.639
86.39i19.80
94.08h13.63

2.7308
1.0593

3.3363
2.1394

44.79k6.60
77.48i11.96

29.26i4.51
53.40h8.90

Appendix 3
Main features of sea floor assemblages with Portlandia arctica
as dominant species in Open parts of the White Sea
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Main features of sea floor assemblages with Portlandia arctica
as dominant species of some White Sea inlets
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Fauna found at the minicorer station B
Average biomass, g/m2 and average density, specimens/m2
followed by standard error are given
Species
Cossura longicirrata
Nephthys sp.
Polychaeta fragmenta
Prionospio cirrifera
Tharyx marioni
Portandia arctica
Scoloplos armiger
Maldane sarsi
Leptognathia sarsi
Diplocirrus longisetosus
Aricidea nolani
Chaetozone setosa
Aceroides latipes
Cylichna occulta
Arris phyllonyx
Westwoodilla brevicalcar
Pseudoma truncatuin
Pectinaria hyperborea
Hydractinia sp.
Lumbrinereis fargilis
Athecata
Nemertini
Phyline lima
Brada sp.
Dacrydium vitreum
Anisopoda
Bivalvia
Polychaeta
Mytilus edulis
Phyllodocidae
Adinete couthouyi
Aphroditidae
Syrroe crenulata
Eucratea loricata
Paroediceros lynceus
Ampharetidae

Biomass
2.476k0.73
3.258k0.35
1.955+0.39
0.652+0.13
3.128Â±1.2
2.151Â±2.0
5.213k5.21
O+O
O+O

o+o

0.391+0.39

o+o
o+o

1.303k0.94
0.652k0.65
0.130k0.13
0.130+0.13
0,130+0.13
0.261+0.26
OkO

oÂ±
O+O
020
OkO

oÂ±
O+O

o+o
o+o
oÂ±
oÂ±

Density
7038+2389
2085k568
521+130
1564k391
261+130
391+391
020
OkO

oÂ±

130k130
O+O
OkO
39 1+226
1301130
1301130
130+130
261+261
OkO

oÂ±

O+O
O+O
020
oÂ±
OkO
O+O
O+O
OkO

oÂ±

O+O

O+O

oÂ±

oÂ±

oÂ±

oÂ±
oÂ±

oÂ±
o+o

oÂ±

oÂ±

Biomass
1.825k0.69
1.238k0.24
0.587k0.30
0.130k0.13
1.238k0.17
0.065k0.07
OkO
O+O
O+O
0.196Â±0.2

oÂ±

OkO
2.346k2.15

o+o

OkO
O+O

oÂ±
oÂ±
oÂ±
0.130+0.13
0.065k0.07

oÂ±
O+O

o+o
o+o
oÂ±
050

o+o
oÂ±
oÂ±
oÂ±
o+o
oÂ±
OkO
O+O

o+o

Density
3128k1129
2346k45 1
130+130
587+0
130+130

oÂ±
O+O

oÂ±
130Â±13

oÂ±
oÂ±

261k130
O+O
O+O

o+o
oÂ±
oÂ±
oÂ±

130+130
OkO

oÂ±
o+o
O+O

oÂ±
OkO

o+o
oÂ±
OkO

o+o
O+O
O+O

o+o
o+o

Fauna found at the rninicorer station B (continuation)
Biomass
0.675k0.223
Polychaeta fragmenta
Prionospio cirrifera
Tharvx marioni
port&zdia arctica
Scoloplos armiger
Maldane sarsi
Leptognathia sarsi
Diplocirrus longisetosus
Aricidea nolani
Chaetozone setosa
Aceroides latipes
Cylichna occulta
Arris phyllonyx
Westwoodilla brevicalcar
Pseudorna truncatum
Pectinaria hyperborea
Hydractinia sp.
Lumbrinereis fargilis
Athecata
Nemertini
Phyline lima
Brada sp.
Dacrydium vitreum
Anisopoda
Bivalvia
Polychaeta
Mytilus edulis
Phyllodocidae
Admete couthouyi
Aphroditidae
Syrroe crenulata
Eucratea loricata
Paroediceros lynceus
Ampharetidae
93

Density
2346k639
1955k276

Biomass
0.802k0.388
2.740k1.745

1962196
3913~226
OkO
293k187
010
010
OkO
983Z98

0kO
0kO
0.263k0.259
0.206k0.252
1.76011.760

oÂ±
oÂ±

OkO
OkO
OkO
OkO
1963Z113

oÂ±
OkO

98k98
98Â±9

o+o

03ZO
98198
OkO
98k98
196k113
010
98k98
oÂ±
010
OkO
OkO

oÂ±

oÂ±

0.250k0.125
0.576k0.306
2.229k1.244
OkO

oÂ±
OÂ±
oÂ±
oÂ±

OkO
OkO
OkO

oÂ±
OkO
050
OkO

oÂ±
oÂ±

0.0053Z0.004
0.021Â±0.01
0.007k0.002

oÂ±

0.782k0.782
0.261k0.261
0.065k0.065
0.652k0.652
0.521k0.521

oÂ±

Density
5604k345
1564kO
OkO

oÂ±

391kO
521k261

oÂ±
oÂ±

39 12226
391kO
521+261
OkO
OkO
050
O+O
OkO
O+O

oÂ±
050

0Â±
050

oÂ±
oÂ±
OkO
10431855
391k226
782k226

oÂ±

130k130
1303Z130
130k130
1301130
130Â±13

Biomass
2.558

Density
3128

Fauna found at the rninicorer Station C
Average biomass, g/m2and average density, specimens/m2
followed by standard errors are given
Species
Cossura longicirrata
Nephthys sp.
Polychaeta fragmenta
Prionospio cirrifera
Tharyx marioni
Portandia arctica
Scoloplos armiger
Laonice cirrata
Leptognathia sarsi
Diplocirrus longisetosus
Aricidea nolani
Sabellidae
Nemidia torelli
Chaetozone setosa
Pectinaria hyperborea
Lumbrinereis fargilis
Nemertini
Dacrydium vitreum
Limnoria lignorum
Bivalvia
Polychaeta
Mytilus edulis

27.6.98
Biomass
Density
1.173k0.226
24761345
1.694Â±0.56
1955k597
1.108Â±0.06
0.26110.261
130Â±13
0.652+0.345
261k130
0.717k0.622
391+226
010
OkO
1.825k0.855
1694k26 1
0.261ik0.130
652Â±47
0.521k0.521
130+130
O.l3O+O. 130
261+261
130k130
0.06510.065
0.065+0.065
130h130

oÂ±
oÂ±
o+o
oÂ±
oÂ±
010
OkO

oÂ±

O+O

oÂ±
010

oÂ±
O+O
O+O
OkO
O+O
O+O

o+o

1

1.6.99
Biomass
Density
0.591+0.194
2092Â±49
0.964k0.333
2385k229
050
0.196kO. 196
78k52
0.684Â±0.29
235k86
117+83
010
0.978k0.978
39k39
0.19610. 196
1017+405
196k157
O+O
235k119
0.463+0.384
156186
O+O
39Â±3
O+O
39Â±9
OkO
78k52
OkO
39+39
0.020+0.020
oÂ±
39+39
7 8k52
0.587Â±0.58
39Â±3
0.003Â±0.00
430+243
0.058+0.034
156186
0.00710.006
313k163
0.148Â±0.11
156+86
0250

1.8.99
Biomass
Density
0.99710.128
3324+1282
1.474+0.688
2216k345
0.130LO.130
010
o+o
oÂ±
oÂ±
oÂ±
020
oÂ±
010
1.564k1.195
391k226

oÂ±

oÂ±

O+O
0.412+0.381

OkO
2611130

0.782k0.451

020
261+130

0.391Â±0.39
0.01810.018

130k130
130+130

0.093+0.084
0.00310.003
0.00510.005
0.004Â±0.00

52 1+345
1301130
130+130
521k130

oÂ±
oÂ±
oÂ±

oÂ±

oÂ±

oÂ±

oÂ±

Fauna found at the minicorer stations D, E, I, K
Average biomass, g/m2 and average density, spccimens/m2
followed by standard errors are given
Station D

11

Biomass
Species
Cossura longicirrata
Nephthys sp.
Polychaeta fragmenta
Tharyx marioni
Portandia arctica
Pholloe minuta
Musculus niger
Scoloplos armiger
Maldane sarsi
Oedicerotidae

Density

26.06.98

0.261k0.130
0.782k0.226
0.391k0.195
1.173k0.391
0.065k0.065
0.456k0.363
0.130k0.065
0.261k0.130
4.692k3.526
0.065k0.065

2611130
1825k793
391kO
30k130
2615z130
130k130
261k130
391kO
30k130

Station E

Species
Cossz~ralongicirrata
Nephthys sp.
Polychaeta fragmenta
Prionospio cirrifera
Tharyx marioni
Saccoglossus mereschk.
Tubularia regalis
Station I

Species
Cossura longicirrata
Nephthys sp.
Polychaeta fragmenta
Prionospio cirrifera
Tharyx marioni
Artacama proboscidea

26.6.98

2.151k0.113
1.108Â±0.06
0.847k0.284
0.261k0.261
0.521k0.345
0.782k0.45
1
Station K

Species
Cossura longicirrata
Nephthys sp.
Polychaeta fragmenta
Prionospio cirrifera
Tharyx marioni
Portandia arctica
Diplocirrus longisetosus
Nemidia torelli
Chaetozone setosa
Aceroides latipes
Monoculodes sp.

27.6.98

8993k677
1955k226
1301130
196k113
196k113

Fauna found at the rninicorer station NL
Average biomass, g/m2 and average density, specimens/m2
followed by standard error are given
Species
Cossura longicirrata
Nephthys sp.
Polychaeta fragmenta
Prionospio cirrifera
Tharyx marioni
Artacama proboscidea
Saccoglossus mereschk.
Pholloe minuta
Scoloplos armiger
Aricidea nolani
Chaetozone setosa
Aceroides latipes
Cylichna occulta
Westwoodilla brevicalcar
Pectinaria hyperborea
Lumbrinereis fargilis
Athecata
Yoldia amygdalea
Nemertini
Phyline lima
Typhlothanais finmarch.
Brada sp.
ipiomorpha
L'apitella capitata
Myriochelle oculata
Bivalvia
Polychaeta
Mytilus edulis
Maldanidae
Macoma calcarea
^rigidalvania janmayeni
fetusa pertenuis
Fhyasira gouldi
i'erebellides stroemi
^labelligera affinis

Biomass
Density
Biomass
3.39k1.32 2280814683
3.68
2.74k0.60
3780+345
2.63
1,43+0.69
0.0
0.26k0.26
130Â±13
0.0
0.26k0.26
130k130
0.0
0.39+0.39
130+130
0.0
1.04+1.04
0.0
130+130
0.03k0.03
130Â±13
0.32
0.04k0.04
130k130
0.0
0.91k0.57
6521345
2.41
1.43k1.24
2611130
3.91
0.78k0.60
261k130
0.0
0.13+0.13
130k130
0.0
0.91k0.91
261k261
0.0
2.48k0.79 5083k1480
0.0
1,6.59+25.8
152+121
0.0
0.01k0.01
0.0
1.50k0.17
4301k451
0.0
0.39+0.39
196+196
0.02
0.07k0.07
130k130
0.0
0.10+0.01
652+130
0.0
0.20k0.11
261k130
0.0
0.20+0.20
3915391
0.0
0.13+0.13
261+261
0.0
0.26k0.26
130k130
0.0
o,oÂ±o.
oÂ±
0.05
o.oÂ±o.
O+O
0.39
o.o+o.o
o+o
0.01
o.oÂ±o.
OkO
0.20
o.oÂ±o.
o+o
0.39
0.0k0.0
oÂ±
1.96
0.0kO.O
oÂ±
0.0
0.0kO.O
oÂ±
0.0
o.oÂ±o.
oÂ±
0.0
O.Ok0,O
O+O
0.0

Density

m
2346
0
0
0
0
782
0
391
1564
0
0
0
0
0
0
391
0
0
0
0
0
0
2737
782
1173
391
782
39 1
0
0
0
0

Biomass
4.91
1.26
0.0
2.15
0.0
0.0
1.17
0.0
0.0
0.91
3.09
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.78
0.78
0.02
0.11

Phytoplankton composition in the White Sea Basin
in summer

-

autumn 1998 and 1999.

T. N. Rat'kova
Institute of Oceanology RAS, Moscow
Most of the phytoplankton investigations in the White Sea were carried out in inshore sites.
And the composition of planktonic microalgae was well studied there (Ratkova, this issue).
The central part of the sea, the Basin, was less studied, however. Only a few expeditions were
carried out there (Kiselev 1925; Sergeeva 1991; Mordasova, Wentzel 1994). In the Course of
these investigations 74 species (without flagellates) were found in the Basin (Semina,
Sergeeva, 1983). The INTAS project about the ecology of the the White Sea deep basin
brought about new insights into its phytoplankton composition, which is presented in this
article.
Material and methods
The samples were collected during 6 cruises in the White Sea Basin deep area: May-June
1998; August and October 1998 and June, August and November 1999. Phytoplankton was
collected by water bottles from the horizones 0, 10,20, 30,50, 100 m and above the bottom.
50 ml aliquots of sea water from each depth were fixed with a glutaraldehyde-Lug01 solution
(Rousseau et al. 1990). In the laboratory, phytoplankton was analysed and counted with a
non-inverted light microscope furnished with a counting stage (Semina 1978). The whole
sample was gently mixed; and pico- (< 2 [im) and the most abundant nanoplankton (2-20 pm)
algae were counted in a Fuchs-Rosental counting chamber at 400x magnification. The samples
were then allowed to settle for a weck and slowly decanted through a glass tube covered with
two layers of fine-mesh nylon gauze. After gentle mixing, part of the remaining sample was
removed with a glass tube and placed into a 0.05 rnl chamber. Microplankton cells (> 20 pm)
and less abundant nanoplankton algae were counted at 200x magnification. In order to Count
rare phytoplankton forrns, a special 1.0 ml chamber was used. Many algae could be identified
only to genus level. Flagellates were ,,identified" mainly by their size groups. The biovolumes of algal cells were calculated from the volumes of appropriate stereometrical bodies
(Smayda 1978).
The identification of the species was perforrned mainly in water mounts, but, additionally,
permanent mounts of acid cleaned diatoms were prepared (Hasle, Syvertsen 1997); and some

of the diatoms species were detennined in these mounts by light microscope with a
magnification of 1350x.
The nomenclature follows "Identifying Marine Phytoplankton" (1997); for the species, absent
from this key, the following literature was used: for diatoms, "Polar Marine Diatoms" (1991),
Hendey (1964), Quillfeldt (1996), "Diatomovyi Analyz" (1949/50), and for dinoflagellates,
Quillfeldt (1996), Okolodkov (1998) and Konovalova (1998).
Biogeographical and ecological classification follows Semina (1974) and Semina & Sergeeva
(1983); characteristics given in "Identifying Marine Phytoplankton", "Polar Marine Diatoms",
"Diatomovyi Analyz", Hendey (1964), Konovalova (1998), Hsiao (1983), Usachev (1949)
and Tuschling (2000) were used as well.
Results

In the White Sea Basin 203 species and varieties of phytoplankton were found. Diatom algae
dorninated, the number of their species and varieties amounting to 122. Next were
dinoflagellates with 59 species. Prymnesiophycea, Cryptophyceae, Chrysophycea, Dictyochophyceae, chlorophytes and zoomastigophores accounted to 3, 4, 2, 3, 5 and 5 species,
respectively (see annexed Table).
The ecology of the White sea phytoplankton was not well studied yet. For most of the
identified species the ecological features were uncertain. Neritic, open-sea-neritic and iceneritic species dominated the White Sea Basin phytoplankton (43, 25 and 12 species,
respectively). Open-sea species were less numerous (3 1 species). Few benthic and epiphytic
species were encountered, too (2 and 1 species). Most of the species were marine (66) or
euryhaline (14), and a few - from brackish (3) and fresh waters (6).
Arcto-boreal species dominated the White Sea phytoplankton (68 species); species with wide
geographical distribution ranges (cosmopolitans and tropic-arcto-boreal species) were very
numerous, too (48 and 23 species, respectively). Bipolar and tropical forms were represented
by 10 and 8 species, respectively. The geographical distribution of 46 species remained
uncertain. According to Semina and Sergeeva (1983), a high proportion of cosmopolitan
species (more than 40%) is noteworthy for the whole White Sea area. Arcto-boreal (28%),
bipolar (15%) and a few tropical species were also encountered (Semina, Sergeeva, 1983).
The higher abundantes of cosmopolitan species in the shallow waters of the White Sea may be
due to the strenger variations of water salinity and temperature, compared to the central part of
the sea.

Seasonal phytoplankton groups should be mentioned: The spring species Bacterosira
bathyomphala, Chaetoceros furcellatus, Lauderia annulata and Thalassiosira bulbosa, rather
abundant in June, were almost absent from the plankton in August and October-November.
Other spring species. especially Fragilariopsis cylindrus and F.oceanica, Pseudonitzschia
delicatissima, P.seriata var.obtusa, Thalassiosira antarctica and T.nordenskioeldii had their
maxima in June, but were rather abundant in August and October-November, too. The
surnmer species

Leptocylindrus minimus, Scrippsiella trochoideum, Chroomonas marina

were most abundant in August. Autumn species like Thalassionema nitzschioides, Ceratium
fusus, Dictyocha speculum were almost absent in June, and most abundant in August and
October-November. Some of the species had two seasonal maxima: in June and in August and
October-November: Achnanthes delicatula and A.minutissima, Cyclotella litoralis and
Thalassiosira anguste-lineata. Interanual variations and spatial patchiness may have masked the
seasonal succession, because only few localities were sampled during each of the activities and
as there were only three cruises a year.
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Table: Phytoplankton species,
encountered in the White Sea Basin in summer-a.utumn 1998199.
Geographical ranges: C-cosmopolitan, A-B - arcto-boreal, BP - bipolar,
T-A-B t r o p ~arctn-boy-epl,T - tropical, - uncertain range;
Ecology: E - em ;l-l;tlin<:. 11 - brackish water, F - fresh water, N - neritic,

M - ma) ine, M-N - open-sca-neriiic;T-N - ice-neritic; BOTT - bottom and
LP1PH - epiphytic specic:..
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the Southern Ocean" by Uwe Piatkowski
Heft Nr. 2311985 - Ã£Untersuchungezur Funktionsmorphologie und Nahrungsaufnahme der Larven
des Antarktischen Krills Euphausia superba Dana" von Hans-Peter Marschall
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Heft Nr. 2411985 - ,,Untersuchungen zum Periglazial auf der KÃ¶nig-Georg-InseSÃ¼dshetlandinseln
Antarktika. Deutsche physiogeographische Forschungen in der Antarktis. - Bericht Ã¼bedie Kampagne
1983184" von Dietrich Barsch, Wolf-Dieter Blumel, Wolfgang FlÃ¼gelRoland MÃ¤usbacherGerhard
StÃ¤bleinWolfgang Zick
Heft Nr. 2511985 - Ã£Di Expedition ANTARKTIS I11 mit FS ,Polarsterni 198411985"
herausgegeben von Gotthilf Hempel.
Heft Nr. 2611985 "The Southern Ocean"; A survey of oceanographic and marine rneteorological
research work by Hellmer et al.
Heft Nr. 2711986 - ,,SpÃ¤tpleistozÃ¤Sedimentationsprozesse am antarktischen Kontinentalhang
vor Kapp Norvegia, Ã¶stlich Weddell-See" von Hannes Grobe
Heft Nr. 2811986 - Ã£DiExpedition ARKTIS I11 mit ,Polarstern' 1985
mit BeitrÃ¤ge der Fahrtteilnehmer, herausgegeben von Rainer Gersonde
Heft Nr. 2911986 - ,,5 Jahre Schwerpunktprogramm ,Antarktisforschung'
der Deutschen Forschungsgemeisnchaft." RÃ¼ckblicund Ausblick.
Zusammengestellt von Gotthilf Hempel, Sprecher des Schwerpunktprogramms
Heft Nr. 3011986 -"The Meteorological Data of the Georg-von-Neumayer-Station for 1981 and 1982"
by Marianne Gube and Friedrich Obleitner
Heft Nr. 3111986 - Ã£ZuBiologie der Jugendstadien der Notothenioidei (Pisces) an der
Antarktischen Halbinsel" von A. Kellermann
Heft Nr. 32/1986 ,,Die Expedition ANTARKTIS IV mit FS ,Polarstern' 1985186"
mit BeitrÃ¤ge der Fahrtteilnehmer, herausgegeben von Dieter FÃ¼ttere
Heft Nr. 3311987 - Ã£DiExpedition ANTARKTIS-IV mit FS ,Polarstern' 1985186 Bericht zu den Fahrtabschnitten ANT-IVl3-4" von Dieter Karl FÃ¼ttere
Heft Nr. 3411987 - ,,Zoogeographische Untersuchungen und Gerneinschaftsanalysen
an antarktischen Makroplankton" von U. Piatkowski
Heft Nr. 3511987 - Jur Verbreitung des Meso- und Makrozooplanktons in OberflÃ¤chenwasse
der Weddell See (Antarktis)" von E. Boysen-Ennen
Heft Nr. 3611987 - ,,Zur Nahrungs- und Bewegungsphysiologie von Salpa thompsoni und Salpa fusiformiy
von M. Reinke
Heft Nr. 3711987 - "The Eastern Weddell Sea Drifting Buoy Data Set of the Winter Weddell Sea Project
(WWSP)" 1986 by Heinrich Hoeber und Marianne Gube-Lehnhardt
Heft Nr. 3811987 - "The Meteorological Data of the Georg von Neurnayer Station for 1983 and 1984
by M. Gube-Lenhardt
Heft Nr. 3911987 *Die Winter-Expedition mit FS ,Polarsternt in die Antarktis (ANT VII-3)"
herausgegeben von Sigrid Schnack-Schiel
Heft Nr. 4011987 "Weather and Synoptic Situation during Winter Weddell Sea Project 1986 (ANT Vl2)
July 16 - September 10, 1 9 8 6 by Werner Rabe
Heft Nr. 4111988 -,,Zur Verbreitung und Ã–kologi der Seegurken im Weddellmeer (Antarktis)" von Julian Gutt
Heft Nr. 42/1988 - "The zooplankton community in the deep bathyal and abyssal zones
of the eastern North Atlantic" by Werner Beckmann
Heft Nr. 4311988 -"Scientific cruise report of Arctic Expedition ARK I V l 3
Wissenschaftlicher Fahrtbericht der Arktis-Expedition ARK IVl3, compiled by JÃ¶r Thiede
Heft Nr. 4411988 - "Data Report for FV 'Polarstern' Cruise ARK IVII , 1987 to the Arctic and Polar Fronts"
by Hans-JÃ¼rgeHirche
Heft Nr. 4511988 - ,,Zoogeographie und Gemeinschaftsanalyse des Makrozoobenthos des Weddellmeeres
(Antarktis)" von Joachim VoÃ
Heft Nr. 4611988 - "Meteorological and Oceanographic Data of the Winter-Weddell-Sea Project 1986
(ANT V13)" by Eberhard Fahrbach
Heft Nr. 4711988 Ã£Verteilun und Herkunft glazial-mariner GerÃ¶ll am Antarktischen Kontinentalrand
des Ã¶stliche Weddellmeeres" von Wolfgang Oskierski
Heft Nr. 4811988 - Ã£Variationedes Erdmagnetfeldes an der GvN-Station" von Arnold Brodscholl
Heft Nr. 4911988 Ã£ZuBedeutung der Lipide im antarktischen Zooplankton" von Wilhelrn Hagen
Heft Nr. 5011988 -,,Die gezeitenbedingte Dynamik des EkstrÃ¶m-SchelfeisesAntarktis" von Wolfgang Kobarg
Heft Nr. 5111988 Ã£Ã–komorpholognototheniider Fische aus dem Weddellrneer, Antarktis" von Werner Ekau
Heft Nr. 5211988 - Ã£Zusammensetzunder Bodenfauna in der westlichen Fram-StraÃŸe
von Dieter Piepenburg
Heft Nr. 5311988 - Ã£Untersuchungezur Ã–kologi des Phytoplanktons im sÃ¼dÃ¶stlichWeddellmeer
(Antarktis) im Jan.1Febr. 1 9 8 5 von Eva-Maria NÃ¶thi
Heft Nr. 5411988 - Ã£DiFischfauna des Ã¶stliche und sÃ¼dlicheWeddellmeeres:
geographische Verbreitung, Nahrung und trophische Stellung der Fischarten" von Wiebke Schwarzbach
Heft Nr. 5511988 "Weight and length data of zooplankton in the Weddell Sea
in austral spring 1986 (Ant. V13)" by Elke Mizdalski
Heft Nr. 5611 989 "Scientific cruise report of Arctic expeditions ARK lVI1, 2 & 3
by G. Krause, J. Meinke und J. Thiede
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Heft Nr. 5711989 - Ã£DiExpedition ANTARKTIS V mit FS ,Polarstern' 1986187
Bericht von den Fahrtabschnitten ANTVl4-5 von H. Miller und H. Oerter
Heft Nr. 5811989 Ã£DiExpedition ANTARKTIS V1 mit FS ,Polarstern' 1987188"
von D. K. Futterer
Heft Nr. 5911989 - Ã£DiExpedition ARKTIS Vlla, 1b und 2 mit FS ,Polarstern31988"
von M. Spindler
Heft Nr. 6011989 - Ã£Eizweidimensionales Modell zur thermohalinen Zirkulation unter dem Schelfeis"
von H. H. Hellmer
Heft Nr. 6111989 -"Die Vulkanite im westlichen und mittleren Neuschwabenland,
Vestfjella und Ahlmannryggen, Antarktika" von M. Peters
Heft Nr. 62/1989 "The Expedition ANTARKTIS VI111 and 2 (EPOS I) of RV 'Polarstern'
in 1988/89", by I. Hempel
Heft Nr. 6311989 Ã£DiEisalgenflora des Weddellmeeres (Antarktis): Artenzusammensetzung und Biomasse
sowie Okophysiologie ausgewÃ¤hlteArten" von Annette Bartsch
Heft Nr. 6411989 - "Meteorological Data of the G.-V.-Neumayer-Station (Antarctica)" by L. Helmes
Heft Nr. 6511989 -"Expedition Antarktis V1113 in 1988189" by I. Hempel, P. H. Schalk, V. Smetacek
Heft Nr. 6611989 - ,,~~omor~holo~isch-glaziologische
~etailkartierun~
des arid-hochpolaren Borgmassivet, Neuschwabenland, Antarktika" von Karsten Brunk
Heft Nr. 6711990 - "Identification key and catalogue of larval Antarctic fishes",
edited by Adolf Kellermann
Heft Nr. 6811990 -"The Expedition Antarktis V1114 (Epos leg 3) and V1115 of RV 'Polarstern' in 1989,
edited by W. Arntz, W. Ernst, I. Hempel
Heft Nr. 6911990 - Ã£AbhÃ¤ngigkeitelastischer und rheologischer Eigenschaften des Meereises vom
Eisgefuge", von Harald Hellmann
Heft Nr. 7011990 -,,Die beschalten benthischen Mollusken (Gastropoda und Bivalvia) des
Weddellmeeres, Antarktis", von Stefan Hain
Heft Nr. 7111990 - ,,Sedimentologie und PalÃ¤omagneti an Sedimenten der Maudkuppe (NordÃ¶stliche
Weddellrneer)", von Dieter Cordes
Heft Nr. 72/1990 "Distribution and abundance of planktonic copepods (Crustacea) in the Weddell Sea
in surnmer 1980/81", by F. Kurbjeweit and S. Ali-Khan
Heft Nr. 7311990 -,,Zur Fruhdiagenese von organischem Kohlenstoff und Opal in Sedimenten des sÃ¼dliche
und Ã¶stliche Weddellmeeres", von M. SchlÃ¼te
Heft Nr. 7411990 - Ã£ExpeditioneANTARKTIS-V11113 und Vllll4 mit FS ,Polarstern11989"
von Rainer Gersonde und Gotthilf Hempel
Heft Nr. 7511991 - Ã£QuartÃ¤Sedimentationsprozesse am Kontinentalhang des SÃ¼d-Orkey-Plateauim
nordwestlichen Weddellmeer (Antarktis)", von Sigrun Grunig
Heft Nr. 7611990 - Ã£Ergebnissder faunistischen Arbeiten im Benthal von King George Island
(SÃ¼dshetlandinselnAntarktis)", von Martin Rauschert
Heft Nr. 7711990 - Ã£Verteilunvon Mikroplankton-Organismen nordwestlich der Antarktischen Halbinsel
unter dem EinfluÃ sich Ã¤ndernde Umweltbedingungen im Herbst", von Heinz KlÃ¶se
Heft Nr. 7811991 - ,,HochauflÃ¶send Magnetostratigraphie spÃ¤tquartÃ¤rSedimente arktischer
Meeresgebiete", von Norbert R. Nowaczyk
Heft Nr. 7911991 - Ã£Ã–kophysiologisc Untersuchungen zur SalinitÃ¤tsund Temperaturtoleranz
antarktischer GrÃ¼nalgeunter besonderer BerÃ¼cksichtigundes ÃŸ-Dimethylsulfoniumpropiona
(DMSP) - Stoffwechsels", von Ulf Karsten
Heft Nr. 8011991 -,,Die Expedition ARKTIS Vllll mit FS ,Polarstern' 1990,
herausgegeben von JÃ¶r Thiede und Gotthilf Hempel
Heft Nr. 8111991 - ,,PalÃ¤oglaziologiund PalÃ¤ozeanographi im SpÃ¤tquartÃam Kontinentalrand des
sÃ¼dlicheWeddelmeeres, Antarktis", von Martin Melles
Heft Nr. 8211991 - =Quantifizierung von Meereseigenschaften: Automatische Bildanalyse von
DÃ¼nnschnitte und Parametisierung von Chlorophyll- und Salzgehaltsverteilungen", von Hajo Eicken
Heft Nr. 8311991 - Ã£DaFlieÃŸe von Schelfeisen - numerische Simulationen
mit der Metholde der finiten Differenzen", von JÃ¼rgeDetermann
Heft Nr. 8411991 -,,Die Expedition ANTARKTIS-VIIIII-2, 1989 mit der Winter Weddell Gyre Study
der Forschungsschiffe ,Polarsternsund ,Akademik Fedorov'", von Ernst Augstein,
Nikolai Bagriantsev und Hans Werner Schenke
Heft Nr. 8511991 Ã£ZuEntstehung von Unterwassereis und das Wachstum und die Energiebilanz
des Meereises in der Atka Bucht, Antarktis", von Josef Kipfstuhl
Heft Nr. 8611991 - Ã£DiExpedition ANTARKTIS-VIII mit FS ,Polarstern31989190. Bericht vom
Fahrtabschnitt ANT-V11115, von Heinz Miller und Hans Oerter
Heft Nr. 8711991 - "Scientific cruise reports of Arctic expeditions ARK Vlll-4 of RV 'Polarstern'
in 1989" edited by G. Krause, J. Meincke & H. J. Schwarz
Heft Nr. 8811991 - Ã£ZuLebensgeschichte dominanter Copepodenarten (Calanus finmarchicus,
C. glacialis, C. hyperboreus, Metridia longa) in der FramstraÃŸe"von Sabine Diel
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Heft Nr. 8911991 -,,Detaillierte seismische Untersuchungen am Ã¶stliche Kontinentalrand
des Weddell-Meeres vor Kapp Norvegia, Antarktis", von Norbert E. Kaul
Heft Nr. 9011991 - Ã£DiExpedition ANTARKTIS-VIII mit FS ,Polarstern' 1989190.
Bericht von den Fahrtabschnitten ANT-VIIIl6-T, herausgegeben von Dieter Karl FÃ¼ttere
und Otto Schrems
Heft Nr. 9111991 -"Blood physiology and ecological consequences in Weddell Sea fishes (Antarctica)",
by Andreas Kunzmann
Heft Nr. 92/1991 - Ã£Zusommerlichen Verteilung des Mesozooplanktons im Nansen-Becken,
Nordpolarmeer", von Nicolai Mumm
Heft Nr. 9311991 - Ã£DiExpedition ARKTIS VII mit FS ,Polarstern', 1990.
Bericht vom Fahrtabschnitt ARK VIIl2, herausgegeben von Gunther Krause
Heft Nr. 9411991 - Ã£DiEntwicklung des Phytoplanktons im Ã¶stliche Weddellmeer (Antarktis)
beim Ubergang vom SpÃ¤twintezum FrÃ¼hjahr"von Renate Scharek
Heft Nr. 9511991 - ,,Radioisotopenstratigraphie,Sedimentologie und Geochemie jungquartÃ¤re
Sedimente des Ã¶stliche Arktischen Ozeans", von Horst Bohrmann
Heft Nr. 9611991 ,,HolozÃ¤n Sedimentationsentwicklung im Scoresby Sund, Ost-GrÃ¶nland"
von Peter Marienfeld
Heft Nr. 9711991 Ã£Strukturell Entwicklung und Abkuhlungsgeschichte von Heimefrontfjella
(Westliches Dronning Maud LandIAntarktika)", von Joachim Jacobs
Heft Nr. 9811991 - Jur Besiedlungsgeschichte des antarktischen Schelfes am Beispiel der
Isopoda (Crustacea, Malacostraca)", von Angelika Brandt
Heft Nr. 9911992 -"The Antarctic ice sheet and environmental change: a three-dimensional
modelling study", by Philippe Huybrechts
Heft Nr. 10011992 - Ã£DiExpeditionen ANTARKTIS 1x11-4 des Forschungsschiffes ,Polarstern'
1990191" herausgegeben von Ulrich Bathmann, Meinhard Schulz-Baldes,
Eberhard Fahrbach, Victor Smetacek und Hans-Wolfqanu Hubberten
Heft Nr. 10111992 - ,Wechselbeziehungen zwischen~chwermetallkonzentrationen
(Cd, Cu, Pb, Zn) im Meerwasser und in Zooplanktonorqanismen (Copepoda)
. . .
. der
Arktis und des Atlantiks", von Christa Pohl
Heft Nr. 102/1992 Ã£Physiologiund Ultrastruktur der antarktischen GrÃ¼nalg
Prasiola crispa ssp. antarctica unter osmotischem StreÃ und Austrocknung", von Andreas Jacob
Heft Nr. 10311992 - Jur Ã–kologi der Fische im Weddellmeer", von Gerd Hubold
Heft Nr. 10411992 - ,,Mehrkanalige adaptive Filter fÃ¼die UnterdrÃ¼ckunvon multiplen Reflexionen
in Verbindung mit der freien OberflÃ¤ch in marinen Seismogrammen", von Andreas Rosenberger
Heft Nr. 10511992 -"Radiation and Eddy Flux Experiment 1991
(REFLEX I/',von JÃ¶r Hartmann, Christoph Kottmeier und Christian Wamser
Heft Nr. 10611992 - ,,Ostracoden im Epipelagial vor der Antarktischen Halbinsel - ein Beitrag zur
Systematik sowie zur Verbreitung und Populationsstruktur unter BerÃ¼cksichtigunder SaisonalitÃ¤t"
von RÃ¼digeKock
Heft Nr. 10711992 - ,,ARCTIC '91: Die Expedition ARK-VIIIl3 mit FS ,Polarstern' 199Iu,
von Dieter K. FÃ¼ttere
Heft Nr. 10811992 - ,,Dehnungsbeben an einer StÃ¶rungszon im EkstrÃ¶m-Schelfei nÃ¶rdlic der
Georg-von-Neurnayer-Station,Antarktis. - Eine Untersuchung mit seismologischen und geodÃ¤tische
Methoden", von Uwe Nixdorf.
Heft Nr. 10911992 - ,,SpÃ¤tquartÃ¤Sedimentation am Kontinentalrand des sÃ¼dÃ¶stlich
Weddellmeeres, Antarktis", von Michael Weber.
Heft Nr. 11011992 ,,Sedimentfazies und Bodenwasserstrom am Kontinentalhang des
norwestlichen Weddellmeeres", von Isa Brehme.
Heft Nr. 11 111992 Ã£DiLebensbedingungen in den SolekanÃ¤lche des antarktischen Meereises",
von JÃ¼rgeWeissenberger.
Heft Nr. 112/1992 - ,,Zur Taxonomie von rezenten benthischen Foraminiferen aus dem
Nansen Becken, Arktischer Ozean", von Jutta Wollenburg.
Heft Nr. 11311992 - Ã£DiExpedition ARKTIS Vlllll mit FS ,Polarstern' 1991",
herausgegeben von Gerhard Kattner.
Heft Nr. 11411992 - Ã£Di GrÃ¼ndungsphas deutscher Polarforschung, 1865 - 1875,
von Reinhard A. Krause.
Heft Nr. 11511992 -"Scientific Cruise Report of the 1991 Arctic Expedition ARK Vllll2
of RV 'Polarstern' (EPOS II)", by Eike Rachor,
Heft Nr. 11611992 - "The Meteorological Data of the Georg-von-Neumayer-Station (Antarctica)
for 1988, 1989, 1990 and 199lU,by Gert KÃ¶nig-Langlo
Heft Nr. 11711992 -,,Petrogenese des metamorphen Grundgebirges der zentralen Heimefrontfjella
(westliches Dronning Maud Land 1 Antarktis)", von Peter Schulze.
Heft Nr. 11811993 - Ã£Dimafischen GÃ¤ng der Shackleton Range IAntarktika: Petrographie,
Geochemie, Isotopengeochernie und PalÃ¤omagnetikvon RÃ¼digeHotten.
Heft Nr. 11911993 - ,,Gefrierschutz bei Fischen der Polarmeere", von Andreas P. A. WÃ¶hrmann
Heft Nr. 12011993 -"Fast Siberian Arctic Region Expedition '92: The Laptev Sea - its Significance for
Arctic Sea-Ice Formation and Transpolar Sediment Flux", by D. Dethleff, D. NÃ¼rnbergE. Reimnitz,
M. Saarso and Y. P. Sacchenko. -"Expedition to Novaja Zemlja and Franz Josef Land with
RV. 'Dalnie Zelentsy"', by D. Nurnberg and E. Groth.
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Heft Nr, 12111993 Ã£Di Expedition ANTARKTIS XI3 mit FS ,Polarstern' 1992", herausgegeben von
Michael Spindler, Gerhard Dieckmann und David Thomas
Heft Nr. 122/1993 Ã£DiBeschreibung der Korngestalt mit Hilfe der Fourier-Analyse: Parametrisierung
der morphologischen Eigenschaften von Sedimentpartikeln", von Michael Diepenbroek.
Heft Nr. 12311993 Ã£ZerstÃ¶rungsfrehochauflÃ¶send Dichteuntersuchungen mariner Sedimente",
von Sebastian Gerland.
Heft Nr. 12411993 Ã£Umsatund Verteilung von Lipiden in arktischen marinen Organismen unter
besonderer BerÃ¼cksichtigununterer trophischer Stufen", von Martin Graeve.
Heft Nr. 12511993 Ã£Ã–kologund Respiration ausgewÃ¤hltearktischer Bodenfischarten",
von Christian F. von Dorrien.
Heft Nr. 12611993 Ã£Quantitativ Bestimmung von PalÃ¤oumweltparameter des Antarktischen
OberflÃ¤chenwasser im SpÃ¤tquartieanhand von Transferfunktionen mit Diatomeen", von Ulrich Zielinski
Heft Nr. 12711993 ,,Sedimenttransport durch das arktische Meereis: Die rezente lithogene
und biogene Materialfracht", von Ingo Wollenburg.
Heft Nr. 12811993 "Cruise ANTARKTIS XI3 of RV 'Polarstern': CTD-Report", von Marek Zwierz.
Heft Nr. 12911993 -,,Reproduktion und Lebenszyklen dominanter Copepodenarten aus dem
Weddellmeer, Antarktis", von Frank Kurbjeweit
Heft Nr. 13011993 ,,Untersuchungen zu Temperaturregime und Massenhaushalt des
Filchner-Ronne-Schelfeises, Antarktis, unter besonderer BerÃ¼cksichtigunvon Anfrier- und
Abschmelzprozessen", von Klaus Grosfeld
Heft Nr. 13111993 Ã£DiExpedition ANTARKTIS W5 mit FS ,Polarstern' 1992",
herausgegeben von Rainer Gersonde
Heft Nr. 132/1993 -,,Bildung und Abgabe kurzkettiger halogenierter Kohlenwasserstoffe durch
Makroalgen der Polarregionen", von Frank Laturnus
Heft Nr. 13311994 -"Radiation and Eddy Flux Experiment 1993 (REFLEX 117,
by Christoph Kottmeier, JÃ¶r Hartmann, Christian Wamser, Axel Bochert, Christof LÃ¼pkes
Dietmar Freese and Wolfgang Cohrs
Heft Nr. 13411994 -"The Expedition ARKTIS-IWIr',edited by Hajo Eicken and Jens Meincke
Heft Nr. 13511994 - Ã£DiExpeditionen ANTARKTIS X l 6 - 8 , herausgegeben von Ulrich Bathmann,
Victor Smetacek, Hein de Baar, Eberhard Fahrbach und Gunter Krause
Heft Nr. 13611994 Ã£Untersuchunge zur ErnÃ¤hrungsÃ¶kologvon Kaiserpinguinen (Aptenodyfes forsteri)
und KÃ¶nigspinguine (Aptenodyfes patagonicusT, von Klemens PÃ¼t
Heft Nr. 13711994 Ã£DikÃ¤nozoisch Vereisungsgeschichte der Antarktis", von Werner U. Ehrmann
Heft Nr. 13811994 Ã£UntersuchungestratosphÃ¤rischeAerosole vulkanischen Ursprungs und polarer
stratosphÃ¤rischeWolken mit einem MehrwellenlÃ¤ngen-Lidaauf Spitzbergen (7g0 N, 12' Ef,
von Georg Beyerle
Heft Nr. 13911994 ,,Charakterisierung der Isopodenfauna (Crustacea, Malacostraca)
des Scotia-Bogens aus biogeographischer Sicht: Ein multivariater Ansatz", von Holger Winkler.
Heft Nr. 14011994 Ã£DiExpedition ANTARKTIS XI4 mit FS ,Polarstern91992".
herausgegeben von Peter Lemke
Heft Nr. 14111994 ,,Satellitenaltimetrie Ã¼beEis - Anwendung des GEOSAT-Altimeters Ã¼bedem
EkstrÃ¶misenAntarktis", von Clemens Heidland
Heft Nr. 14211994 "The 1993 Northeast Water Expedition. Scientific cruise report of RV 'Polartstern'
Arctic cruises ARK I N 2 and 3, USCG 'Polar Bear' cruise NEWP and the NEWLand expedition",
edited by Hans-JÃ¼rgeHirche and Gerhard Kattner
Heft Nr. 14311994 - Ã£Detailliertrefraktionsseismische Untersuchungen im inneren Scoresby Sund
Ost-GrÃ¶nlandvon Notker Fechner
Heft Nr. 14411994 - "Russian-German Coopfir:>tinn in the Siberian Shelf Seas: Geo-System
Laptev Sea", edited by Heidemarie Kissens, Hans-WoIfgang Hubberten, Sergey M. Pryamikov
and RÃ¼digeStein
Heft Nr. 14511994 - "The 1993 Northeast Water Expedition. Data Report of RV ,Polarstern'
Arctic Cruises 1x12 and 3 , edited by Gerhard Kattner and Hans-JÃ¼rgeHirche.
Heft Nr. 14611994 -"Radiation Measurements at the German Antarctic Station Neumayer
1982 - 1992, by Torsten Schmidt and Gerd KÃ¶nig-Langlo
Heft Nr. 14711994 - ,,Krustenstrukturen und Verlauf des Kontinentalrandes im
Weddell-Meer IAntarktis", von Christian HÃ¼bscher
Heft Nr. 14811994 -"The expeditions NORILSWAYMYR 1993 and BUNGER OASIS 1993194
of the AWI Research Unit Potsdam", edited by Martin Melles.
Heft Nr. 14911994 - Ã£DiExpedition ARCTIC '93. Der Fahrtabschnitt ARK-1x14 mit
FS ,Polarstern31993, herausgegeben von Dieter K. FÅ¸tterer
Heft Nr. 15011994 - Ã£DeEnergiebedarf der Pygoscelis-Pinguine: eine Synopse", von Boris M. Culik.
Heft Nr. 15111994 - "Russian-German Cooperation: The Transdrift l Expedition to the Laptev Sea",
edited by Heidemarie Kassens and Valeriy Y. Karpiy.
Heft Nr. 152/1994 - Ã£Di Expedition ANTARKTIS-X mit FS ,Polarstern' 1992. Bericht von den
Fahrtabschnitten 1 ANT-X I1a und 2", herausgegeben von Heinz Miller.
Heft Nr. 15311994 - Ã£AminosÃ¤urund Huminstoffe im Stickstoffkreislauf polarer Meere",
von Ulrike Hubberten.
Heft Nr. 15411994 -"Regional and seasonal variability in the vertical distribution of mesozooplankton
in the Greenland Sea", by Claudio Richter.
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Heft Nr. 15511995 ,,Benthos in polaren GewÃ¤ssern"herausgegeben von Christian Wiencke und Wolf Arntz.
Heft Nr. 15611995 -"An adjoint model for the determination of the mean oceanic circulation, air-Sea
fluxes and mixing coefficients", by Reiner Schlitzer.
Heft Nr. 15711995 ,,Biochemische Untersuchungen zum Lipidstoffwechsel antarktischer Copepoden",
von Kirsten Fahl.
Heft Nr. 15811995 -,,Die Deutsche Polarforschung seit der Jahrhundertwende und der EinfluÃ Erich von Drygalskis",
von Cornelia LÃ¼decke
Heft Nr. 15911995 - "The distribution of 3180in the Arctic Ocean: Implications for the freshwater balance of the halocline
and the sources of deep and bottom waters", by Dorothea Bauch.
* Heft Nr. 16011995 - Ã£Rekonstruktioder spÃ¤tquartÃ¤rTiefenwasserzirkulation und ProduktivitÃ¤im Ã¶stliche
Sudatlantik anhand von benthischen Foraminiferenvergesellschaftungen",von Gerhard Schrniedl.
Heft Nr. 16111995 - #Der EinfluÃ von SalinitÃ¤und LichtintensitÃ¤auf die Osmolytkonzentrationen, die Zellvolumina
und die Wachstumsraten der antarktischen Eisdiatomeen Chaetoceros sp. und Navicula sp. unter besonderer
BerÃ¼cksichtigunder AminosÃ¤ur Prolin", von JÃ¼rgeNothnagel.
Heft Nr. 162/1995 ,,Meereistransportiertes lithogenes Feinmaterial in spÃ¤tquartÃ¤rTiefseesedimenten des zentralen
Ã¶stliche Arktischen Ozeans und der FramstraÃŸe"von Thornas Letzig.
Heft Nr. 16311995 - Ã£DiExpedition ANTARKTIS-XI12 mit FS ,Polarstern' 1993/94",
herausgegeben von Rainer Gersonde.
Heft Nr. 164/1995 -,,Regionale und altersabhÃ¤ngig Variation gesteinsmagnetischer Parameter in marinen
Sedimenten der Arktis", von Thomas Frederichs.
Heft Nr. 16511995 - ,,Vorkommen, Verteilung und Umsatz biogener organischer Spurenstoffe: Sterole in antarktischen
GewÃ¤ssern"von Georg Hanke.
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