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Thirty-six seabed samples from inshore and offshore Svalbard and the northern part of the Barents Sea were collected for dinoflagellate cyst (dinocyst) analysis. Svalbard is an important locality representing the distal influence of an attenuated North Atlantic Current, and crucial to the understanding of the thermohaline circulation in the North Atlantic. The study presents the first modern report of dinoflagellate cysts from this region
making use of many recent taxonomic advances. Dinocysts are associated with waters of particular abiotic and biotic properties (temperature,
salinity and nutrient content). On the basis of the dinocyst assemblages recovered from the sediments, several surface water types are recognized
including those influenced by warm, saline Atlantic Water (AW) and those, where such influence is restricted.
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Introduction
Dinoflagellate cysts (dinocysts) are the organic-walled
hypnozygotes of planktonic single-celled microscopic
organisms (dinoflagellates). Dinoflagellates occur in
several types of aquatic environment including the marine
realm. In contrast to freshwater dinoflagellates, which
tolerate salinities below 20 psu, most marine dinoflagellates
prefer salinities above 20 psu. Dinoflagellates are classified
under the International Code of Botanical Nomenclature
and are autotrophic, heterotrophic or mixotrophic in
their nutritional strategies and they mostly inhabit the
upper parts of the water column. The organic walls of the
dinocysts are resistant to decay and have a high potential
for fossilization.
Due to the exceptionally high productivity of the
Barents Sea (Sakshaug et al. 1994), and its crucial role
in Norwegian and Russian fisheries, it is one of the
most comprehensively explored regions on Earth
both with regard to its hydrography and the ecology
of the marine organisms, especially fish, sea birds and
mammals. Information on plankton communities
has expanded less rapidly and little is known of the
ecological requirements of the organic cyst-forming
dinoflagellates. Although dinocyst analyses have been
carried out on seabed samples from the Canadian and
Russian Arctic (Rochon et al. 1999; Mudie and Rochon
2001; Head et al. 2001; Kunz-Pirrung et al. 2001), there

are few investigations from the Barents Sea and the
eastern Fram Strait except for the early work of Harland
(1982) and Voronina et al. (2001). Together with the
diatoms, dinoflagellates are the main contributors to
primary production in the high-latitude oceans and
their response to environmental change is critical to the
understanding of species diversity and productivity, and
has direct consequences for higher-level organisms.
A wide range of water masses, described below, influences the Barents Sea and the inshore and offshore Spitsbergen region. The region is, therefore, particularly well
suited for exploring the relationship between the dinocyst distributions and the overlying surface waters. The
freezing and melting of ice, including sea ice, glaciers and
snow, largely controls the hydrography of the Arctic, and
the formation of sea ice is crucial for the initiation of the
thermohaline circulation, which plays an important role
in the Arctic ecosystem.
During recent years, dramatic environmental changes
have been recorded in the Arctic, including the extensive decrease of summer sea ice extent and its thickness.
These changes are related to atmospheric changes and
the configuration, activity and heat content of the North
Atlantic Current (NAC). If this extensive decrease of
multiyear sea-ice extent continues, it will be essential to
understand its effects on the marine food web, the biological diversity and global ocean circulation. The high
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preservation potential and rapid response of dinoflagellates to environmental change suggests that they may be
useful in monitoring environmental (climate) change
(Howe et al. in press).
This study explores the relationship between the surface
water masses and the dinocyst assemblages preserved
in the sediments. It also adds new data to the modern
North Atlantic – Arctic dinocyst database (de Vernal
et al. 2001, 2005) as few data exist for the eastern Fram
Strait, inshore Svalbard and the northern Barents Sea.

Material and methods
This investigation includes thirty-one samples collected
during 2001 by the research vessel “Heincke” using a multicorer (Winkelmann & Knies 2005) (Fig. 1, Table 1). A
dinocyst dataset from five additional multicore top samples collected by the Scottish Association of Marine Science (SAMS) during 2002 is included (Table 3). The samples were collected by the research vessel ‘RRS James Clark
Ross’. Three of these samples, RH 686/, RH 687/ and RH
688/ are from Kongsfjorden whereas
RH 689/MC069 is from the Fram Strait and RH690/
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MC066 is from the Yermak Plateau, and is the northernmost sample location (Fig. 1A, Table 3).
The multicorer collects undisturbed sediment/water interface and the uppermost 1 cm of sediment was sampled for
dinocyst analysis. At the sediment/water interface in fjords
there is usually a few millimeters of a thick fluffy, flocculent layer which contains up to 70% of water and may represent last season’s particle accumulation (Harland et al.
2004). The collected material includes this layer in addition to older sediments of unknown age.
The preparation of samples collected by ‘Heincke’ followed standard palynological methods, using cold HCl
and HF to remove carbonate and silicate particles respectively (Rochon & de Vernal 1994). No oxidation was used
and the fraction larger than 15 µm was examined. Glycerine jelly was used as the mounting medium and counts
of 300 specimens in each sample were attempted. Lycopodium tablets were added to calculate the number of cysts
per gram of dry sediment (cysts/g) (Stockmarr 1971). The
recorded dinocysts are listed in Table 2.
The samples collected by SAMS were processed using
the basic palynological methodology described by Wood
et al. (1996), examining the fraction larger than 10 µm.
Ultrasound was used and the organic fraction was lightly

Table 1. Location and water depth of the 43 surface samples.
Maximum percentage Seabed sample
Cysts of heterotrophic dinoflagellates
Brigantedinium simplex (Wall 1965) ex Lentin and Williams 1993
Brigantedinium spp. Reid 1977 ex Lentin and Williams 1993
Echinodinium karaense Head et al. 2001
Islandinium? cezare
(de Vernal et al. 1989 ex de Vernal in Rochon et al. 1999) Head et al. 2001
Islandinium minutum (Harland and Reid in Harland et al. 1980) Head et al. 2001
Islandinium spp.
Polykrikos sp. morphotype 1 of Kunz-Pirrung 1998
Selenopemphix quanta (Bradford 1975) Matsuoka 1985
Cysts of autotrophic dinoflagellates
Bitectatodinium tepikiense Wilson 1973
Impagidinium pallidum Bujak 1984
Nematosphaeropsis labyrinthus (Ostenfeld 1903) Reid 1974
Operculodinium centrocarpum sensu Wall and Dale 1966
Pentapharsodinium dalei Indelicato and Loeblich III 1986
Spiniferites elongatus Reid 1974
Spiniferites ramosus (Ehrenberg 1838) Mantell 1854
Spiniferites spp. indet

n

63
20
23

1245
1254
1241

110
5
347

98
1
1
20

1276
1242
1245
1254

302
348
110
5

1
1
9
76
68
12
4
4

1242
1283
1273
1242
1265
1273
1261
1242

348
72
33
348
140
33
330
348

Pre-Quaternary cysts
Other palynomorphs (acritarchs, green algae)
Halodinium sp. Bujak 1984

x

Ciliates (tintinnids)

x
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Fig. 1A. Location of seabed
samples collected during
2001 and 2002 with r/v
Heincke and the location
of the four seabed transects
illustrated in Fig. 5. The
samples with the prefix RH
were collected during 2002
(Table 3). The samples without any prefix were collected during 2001 (Table 2).
The insert map shows the
northern hemisphere average sea ice extent from 1979
to 2002/2003, Stroeve et al.
(2005) and the course of the
North Atlantic Drift (NAD).

Fig. 1B. The oceanic circulation
in the Barents Sea and western
Svalbard.
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20°50´ 178
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13°20´ 1297
16°34´ 333
19°09´ 96
19°07´ 180
15°15´ 156
14°55´ 115
16°35´ 76
15°10´ 83
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Longitude (E)

1275 78°15´ 10°10´

74°26´
74°49´
75°30´
76°00´
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77°30´
76°56´
77°45´
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77°43´
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77°12´
77°32´
78°22´
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77°51´
78°15´
78°15´

Water depth (m)

1274 78°15´ 9°23´

Latitude (N)

1239
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1263
1264
1265
1269
1270
1271
1272
1273

Markers

485

147

307

533

344

579

664

374

543

400

726

308
135
146
278
585
1178
761
1107
505
375
464
373
460
620
322
472
200
472
254
322

Bitectatodinium
tepikiense

0

0

0

0

0

0

0

0

0

0

0

0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Impagidinium
pallidum
0

0

0

0

0

1

0

0

0

0

0

0
1
2
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0

Nematosphaeropsis
labyrinthus
0

0

0

0

0

1

0

0

0

0

0

0
4
16
8
0
0
0
0
0
0
20
3
0
0
0
0
2
0
9
3

Operculodinium
centrocarpum s.l.
0

7

3

0

2

29

0

1

0

0

0

0
57
270
117
0
0
0
0
0
0
230
27
4
0
0
1
6
0
237
8

Spiniferites
elongatus s.l.
0

3

0

1

1

6

0

1

1

0

0

1
5
13
7
0
0
1
1
0
0
7
3
0
0
5
0
0
0
12
4

Spiniferites ramosus
0

0

0

0

0

0

0

0

0

0

0

0
0
7
0
0
0
0
0
0
0
13
2
0
0
0
0
0
0
2
0

Spiniferites spp.
0

1

0

0

0

1

0

0

0

0

0

0
1
11
2
0
0
0
0
0
0
4
2
0
0
0
0
0
0
1
0

Pentapharsodinium
dalei
0

0

32

0

1

1

0

0

0

0

0

0
3
11
3
0
0
0
0
0
4
0
0
0
0
95
28
1
0
3
0

Islandinium? cezare
s.s.
0

1

3

3

3

0

0

2

2

0

0

0
81
3
9
0
0
15
0
0
0
5
1
7
0
1
0
2
0
3
0

Islandinium minutum
131

289

189

148

142

32

41

306

295

229

42

31
175
3
229
63
40
110
67
1
29
40
33
234
85
31
179
286
11
45
13

Islandinium spp.
unidentified
0

0

0

0

0

0

0

0

0

0

0

0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Echinidinium
karaense
0

0

0

0

0

1

0

1

0

0

0

0
0
0
0
0
0
2
0
1
0
0
0
1
1
0
1
0
0
0
1

Brigantedinium spp.
11

41

0

24

5

0

16

11

2

58

4

11
20
7
12
10
69
22
28
2
7
11
6
20
10
6
0
25
0
18
3

Polykrikos sp.
morphotype 1 of
Kunz-Pirrung 1998
0

0

0

0

0

0

0

0

0

0

0

0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Selenopemphic
quanta
0

1

4

4

1

0

2

2

2

3

1

3
0
1
0
0
0
1
0
1
1
0
0
2
2
2
0
1
0
0
1

142

343

231

180

155

70

59

324

302

290

47

46
342
328
379
73
110
151
96
5
41
310
74
268
98
140
209
321
11
321
30

n

Reworked spores

Reworked cysts
0

1

0

1

0

4

2

0

0

0

2

0

0

0

1

0

5

3

0

0

1

1

0
0
2
2
3
3
0
0
0
0
0
0
1
0
1
7
several >20
1
0
1
4
1
7
1
several
0
0
5
0
0
0
0
0
2
0
1
19
30
12

Halodinium spp.
9

247

5

11

98

4

0

60

16

2

0

0
164
2
35
0
0
0
1
0
5
2
10
9
4
26
4
119
0
7
3

2680

21215

6753

3051

3942

1109

792

7981

7660

8004

559

1349
23524
21814
13242
1181
843
1769
783
88
1001
6509
1889
5195
1325
3877
3974
14684
201
11731
920

Total number of
cysts/g of sedimemt

Table 2. List of samples collected during 2001, including, coordinates, water depths, counted specimens and total number of cysts per gram of dry sediment (cysts/g).
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Taxonomical notes
The different varieties and morphotypes included in the
taxon O. centrocarpum s.l. include O. centrocarpum sensu
Wall and Dale 1966 (including short processes) and the
Arctic morphotype of de Vernal et al. (2001). Included in
S. elongatus s.l. are all morphological varieties in the Spiniferites elongatus/Spiniferites frigidus range (Harland &
Sharp 1986) and included in Brigantedinium spp. are all
spherical brown cysts.

Hydrographic setting
The North Atlantic Current
The North Atlantic Current (NAC) carries warm and
saline water northwards (Fig. 1A). On its way towards the
Arctic Ocean (AO) it is modified and divides into several
branches. Most of the NAC enters the Nordic (Norwegian,
Greenland and Iceland) Seas over the Faroe-Iceland Ridge
and between the Faeroe and Shetland Islands (Walczowski
et al. 2005). An eastern branch carries warm, saline
Atlantic Water (AW) along the Faeroe Shetland channel
northwards along the Norwegian shelf slope. At Lofoten
the NAC bifurcates with one of its main branches, the
North Cape Current (NCC), flowing eastward into the
Barents Sea via the Bjørnøya Trough reaching the AO
via the St. Anna Trough (Fig. 1B). The other branch, the
West Spitsbergen Current (WSC), continues north along
the shelf slope west of the Barents Sea and to the west of
Spitsbergen. The AW of both the WSC and the NCC is
defined by having temperatures >2ºC and salinities >34.9
psu (Slichtholz & Goszczko 2006). The WSC itself consist
of two branches, the eastern branch described above, and
a western branch carrying warm, saline AW across the
Iceland Faeroe Ridge generating the Iceland Faeroe Front
(Walczowski et al. 2005 and references herein). In the
Greenland Sea this western branch flows as a jet stream

Fig. 2. Percentages of selected dinocyst taxa in the 2001
data set versus water depth showing that the highest percentage of Islandinium minutum is recorded in the inshore
region at relatively shallow water depths (< c. 400 m), and
that the highest percentages of Operculodinium centrocarpum and Nematosphaeropsis labyrinthus occur at depths
exceeding 400-500m.

stained with Safranin before mounting. The number
of cysts per gram of sediment was calculated using the
method described by Harland (1989). The recorded dinocysts are listed in Table 3. The dinocyst nomenclature follows Rochon et al. (1999), Head et al. (2001), and Fensome and Williams (2004).

Pentapharsodinium dalei

Spiniferites elongatus s.l.

Spiniferites lazus

Spiniferites spp. indet.

Brigantedinium simplex

Brigantedinium spp.

Islandinium? cezare

0
0
0
29
10

0
3
16
38
194

140
16
23
0
1

1
1
0
2
5

0
0
0
0
1

0
0
0
0
12

2
0
1
8
0

16
16
52
0
14

1
63
0
80
1 479
125 0
0
21

0
2
1
0
1

Total number of cysts/g of
sedimemt

Operculodinium centrocarpum

2
0
0
2
0

Selenopemphix quanta

Nematosphaeropsis labyrinthus

0
0
0
2
0

Islandinium minutum

Impagidinium pallidum

11°54.49' 355
11°18.8' 244
10°41.62' 342
06°38.74' 691
06°56.81' 1226

Bitectatodinium tepikiense

78°57.46'
79°03.34'
79°01.34'
80°45.00'
79°00.00'

Depth (m)

Latitude

RH 686/MC 125
RH 687/MC 107
RH 688/MC 222
RH 689/MC 069
RH 690/MC 066

Longitude

Sample

Table 3. List of samples collected during 2002, including, coordinates, water depths, counted
specimens and total number of cysts per gram of dry sediment (cysts/g).

n
225 18000
118 4154
573 33234
206 4120
259 20720
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Fig. 3. Percentage occurrence and number of dinocysts per gram of dry sediment (cysts/g) of selected dinocyst taxa
in the 2001 data set, and total cysts/g of
sediment in seabed samples along the
transects 1-4 illustrated in Fig. 1.
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at the transition between Arctic Water (ArW) and AW,
representing the western Arctic Front (AF) located along
the Mohns and Knipovich ridges. This western branch of
the WSC is less saline and much colder than the eastern
one. Offshore western Spitsbergen (at about 78 ºN) the
two branches converge. On its way toward the Arctic the
AW loses heat, due to surface heat flux to the atmosphere
and exchange with colder and fresher shelf water and
drift ice (Saloranta & Haugan 2004). This cooling causes
the flow to sink below colder, less dense and less saline
water at 78 ºN, and from there it continues north in the
subsurface. Bathymetric control of the flow causes the
WSC to trifurcate at 79.5 ° N (Manley, 1995). The narrow
slope-confined warm core of the West Spitsbergen
Current (WSC), comprises the subsurface 100 - 500 m
layer and is the main heat transport to the AO (Rudels et
al. 1999). However, due to mixing with ambient waters
and splitting into smaller currents, very little of the AW
reaches and remains in the AO; around 50 to 67% of the
water recirculates and flows south with the East Greenland
Current (EGC) as the Return Atlantic Current (RAC)
(Rudels 1987; Manley 1995).
The inshore and shelf of Svalbard are influenced by
locally formed ArW and ArW transported to the area
by currents. The main inflow of ArW to the Barents Sea
enters from the east through the strait between Franz
Joseph Land and Novaja Zemlja via the Persey Current
(Loeng 1991; Sakshaug et al. 1994) (Fig. 1B). It crosses the
northern Barents Sea including the Great Bank and flows
towards the Spitsbergen Bank where it joins a part of the
East Spitsbergen Current. The two cold surface currents,
collectively referred to as the Bjørnøya Current (BC),
follow the bathymetry around the Spitsbergen Bank. A
second current transporting ArW, the East Spitsbergen
Current (ESC), enters the Barents Sea from the AO and
flows south along the coast of Nordaustlandet, Barentsøya
and Edgeøya. It then turns into Storfjorden and continues
as the South Cape Current (SCC), a cold coastal current
encircling southern Spitsbergen (Fig. 1B). As it continues
northward along the continental shelf it mixes with
ambient water, including fresh water outflow from the
fjord, (Skogseth 2003; Slubowska-Woldengen et al. 2007).
The shelf west of Spitsbergen is a region where waters
of different origins converge, mix and are exchanged
(Saloranta & Svendsen, 2001). An oceanic front is located
at the shelf break generated by colder and less dense
water, establishing a vertical density barrier (Svendsen
et al. 2002). This barrier separates the warm, saline AW
from the relatively cold, fresh ArW on the shelf, which is
of mainly coastal current origin, and prevents intrusions
of warm AW onto the shelf and fjord region during the
winter.
The Marginal Ice Zone
During winter (January-March) the ice edge is at its maximum southward extent. The area where the ice edge is
most frequently located during the spring is referred to
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as the Marginal Ice Zone (MIZ). Several other terms, like
the Arctic Front (AF) and the Polar Front (PF), have also
been applied to this zone where AW and ArW meet and
mix. Because the MIZ is bathymetrically trapped, its location during the maximum extent is fairly constant being
located near the 250m isobaths north of the Bjørnøya
and Hopen troughs (Loeng 1991) (Fig. 1B). The MIZ is
an important zone where water masses are modified by
melting ice and convective processes. According to Haarpaintner et al. (2001) the Polar Front water, which forms
by mixing of ArW and AW, has temperatures of –0.5ºC
to 2ºC and salinities of 34.8-35.0 psu. During the spring
(April – June) there is ice pack north of the MIZ, whereas
south of the MIZ the surface water gets atmospherically
heated, and the most intensive algal blooms in the Barents
Sea occur at the AW side of the PF.

Results and discussion
Fourteen dinocyst taxa were identified to species level
(Table 1). The cyst concentration (cysts/g) in the 2001
data set varies from 88 to 23,524 (Table 2) and from
4154 to 33,234 in the additional samples. In addition to
the dinocysts, ciliates occur frequently and often in high
numbers. Ciliates (i.e. tintinnids) tend to occur abundantly in areas with a high suspension of particles in the
water. Acritarchs of the genus Halodinium also occur
frequently and at some sites their proportion relative
to dinocysts exceeds 10%, with maximum values of 63
to 72% occurring on the shelf outside Kongsfjorden in
samples H01-1286 and -1289 respectively (Fig. 1, Table
2). The samples contain very little reworked material
and green algae with the exception of the samples from
Storfjorden, which contain many reworked pre-Quaternary spores and pollen grains (Fig. 1). The study area is
divided into various environmental settings, each characterized by one or more particular dinocyst association.
i) The offshore region
Sediments of the offshore region, influenced by warm
saline AW, are characterized by Operculodinium centrocarpum s.l. to at least 20% (Figs. 1B, 4). In addition they
contain Nematosphaeropsis labyrinthus, Impagidinium
pallidum, Pentapharsodinium dalei, Brigantedinium spp.
and various species of Spiniferites including S. elongatus,
S. frigidus and S. ramosus. N. labyrinthus is a characteristic taxon and is usually represented to 5%, with 9% and
14.1% found in sample H01-1273 close to the oceanic
front and on the Yermak Plateau, respectively (Fig. 1A).
The southernmost offshore sample (H01-1242), located
offshore the Storfjord Trench, contains 76% O. centrocarpum s.l., whereas I. minutum comprises only 3% of the
assemblage (Fig. 4). The most northerly offshore sample
was collected during 2002 in 691 m of water on the Yermak Plateau, which forms the northernmost plateau of

128 K. Grøsfjeld et al.

NORWEGIAN JOURNAL OF GEOLOGY

Fig. 4. Classification of various
dinocyst assemblages recorded in
sediments below
three distinct surface water types:
Atlantic
water
(AW), Arctic water
(ArW), stratified
water with high
productivity (SW).

the Eurasian plate. The assemblage from the Yermak Plateau, which is seasonally covered by sea ice, is dominated
by I. minutum (60.7%) with subsidiary O. centrocarpum
s.l. (18.5%) and N. labyrinthus (14.1%). The sample has
a diversity of seven species and concentration of 4 120
cysts (Table 3).
Sample H01-1282 located at a water depth of 1400 m differs from all the recorded offshore samples by lacking
O. centrocarpum s.l. and being strongly dominated by I.
minutum (Figs. 1A, 3). It contains a significant percentage of Brigantedinium spp. (27%) and a minor occurrence of Selenopemphix quanta (3%). Both the concentration (792 cysts/g) and the number of counted cysts are
low. However, in contrast to sample H01-1282, the seabed sample RH690/MC066, collected during 2002 in the
vicinity of this location, contains abundant O. centrocarpum s.l. (74.9%) with subsidiary I. minutum (8.1%) and
Brigantedinium spp. (5.4%). It contains a diversity of ten
species and concentration of 20,720 cysts/g.
ii) The inshore region
The inshore region (i.e. the shelf) with Arctic surface
water is characterized by the supposed heterotrophic species I. minutum and contains significant percentages of
Brigantedinium spp. (<20%). Other species such as Selenopemphix quanta, Islandinium? cezare s.s., Echinidinium
karaense and Spiniferites elongatus s.l. occasionally contribute minor percentages (Fig. 4). Brigantedinium spp. is
more abundant at the shelf than offshore where it never

exceeds 10%. None of the inshore and fjord samples collected during 2001 contain >2 % of Operculodinium centrocarpum.
Two of the shelf sites comprise elevated percentages
of I.? cezare s.s.; one off the mouth of Hornsund (H011249); the other sample (H01-1241) located northwest of
Bjørnøya, in 297 m water depth in the vicinity of a small
trench or bathymetric low close to the MIZ (Figs. 1A,
4). Usually I.? cezare s.s. comprises a minor proportion
(1-3%) of the assemblage if present at all. The cyst composition of sample (H01-1241), located in the vicinity of
the MIZ, NW of Bjørnøya, stands out from the rest of
the inshore samples by its high species diversity and the
highest recorded cyst concentration (23, 524 cysts/g) of
the samples in the 2001 data set. It has a significant percentage of O. centrocarpum s.l. and it contains N. labyrinthus, Impagidinium pallidum, and P. dalei together with
the acritarch Halodinium spp.
iii) Fjord regions
The fjords of western and northern Spitsbergen may or
may not have a sill; the presence of a sill is critical for the
intrusion of warm saline water (Svendsen et al. 2002).
The fjords differ in many respects and each has its own
hydrology, local climate and sedimentary regime.
I. minutum frequently dominates the cyst composition of
the assemblages, which are similar to those of the inshore
regions, but other species such as Brigantedinium spp. and
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the autotrophic Pentapharsodinium dalei may occasionally dominate (Fig. 4). Figs. 3 and 5 show the distribution
of various species along sample transects intersecting the
fjords (Fig. 1A).
a) Kongsfjorden and Krossfjorden
Krossfjorden and Kongsfjorden comprise a large fjord
system on the northwest coast of Spitsbergen (Fig. 1A)
with a widely glaciated hinterland. The fjord system is
influenced by various types of water (ArW, AW and glacial discharge) (Svendsen et al. 2002; Maclachlan et al.
2007). The fjord system is connected to the outer shelf
and ocean through a glacial submarine trough, referred
to as Kongsfjordrenna. Only the inner part of the fjord
system is covered by fast ice during winter. There is no
sill impeding the exchange of waters between the fjord
system and the outer shelf (Skirbekk 2007, Svendsen et
al. 2002; Willis et al. 2006; 2007). However, density barriers generated by differences in the physical characteristics of the fjord basin water and the shelf water usually
impede any influx of AW. The inflow occurs toward midsummer, when the stratification becomes modified and
altered AW may flow into the fjord (Svendsen 2002).
A single sample was collected from each of the two fjords
during 2001 (Fig. 1A); sample H01-1288 was collected
in 308 m water depth in Kongsfjorden, which is influenced by a cyclonic gyre (Willis et al. 2006, 2007) transporting AW into the fjord, whereas sample H01-1287 is
located in 364 m water depth in Krossfjorden outside the
cyclonic gyre (Willis et al. 2006, 2007). The sediments
are almost devoid of terrestrial plant material, which is
due to the large coverage of glaciers in the hinterland
(Winkelman & Knies 2005). The cyst composition in
sample H01-1288 is strongly dominated by I. minutum,
comprising minor percentages of Islandinium? cezare s.s.,
Selenopemphix quanta, and O. centrocarpum and a significant percentage of the autotrophic species Pentapharsodinium dalei (Fig. 4). The cyst concentration is 6753
cysts/g.
The results from the three multi-core top samples, collected by SAMS during 2002, in Kongsfjorden fit well
with the 2001 data set and reinforce the picture of the
distribution of cysts in this area, particularly the presence
of Islandinium minutum. An exception is the abundance
of P. dalei (62%) in the most inshore sample RH 686/MC
125 (Table 3).
The sample H01-1287 from Krossfjorden contains I.
minutum (82%), I.? cezare s.s. (2%) Brigantedinium
(13%), S. quanta (2%), and S. elongatus (1%). The sample
differs from that of Kongsfjorden by lacking P. dalei and
O. centrocarpum s.l. In addition, it contains S. elongatus
and a lower cyst concentration of 3,051 cysts/g.

Fig. 5. Pie diagrams showing the composition of dinocysts in the
various seabed samples in transect 4 in Storfjorden Trough (Fig.
1A), reflecting how the surface water characteristics change from
offshore (bottom) to inshore (top).

In general the cyst assemblages from the two fjords are
characterized by Islandinium minutum with other species

being present to a varying degree. This is consistent with
the ArW characteristics of the fjord hydrography.
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b) Sassenfjorden
Sassenfjorden is one of the innermost tributary fjords
of the Isfjorden system, which is the largest fjord system
of Spitsbergen (Fig. 1A). Isfjorden is 100 km long, up to
20 km wide with a maximum water depth of 425 m. It
comprises the main fjord Isfjorden with its 12 tributary
fjords and bays. Glaciers cover forty percent of its large
drainage area. The absence of a sill at the mouth of Isfjorden allows the advection of warm AW into the fjord.
Sassenfjorden, which is characterized by having a high
sediment accumulation rate, opens into Isfjorden across
a sill. A single sample (H01-1265) was collected from
87 m water depth in Sassenfjorden. This sample differs
from those collected during 2001 from the other fjords in
being dominated by the cysts of Pentapharsodinium dalei
(68%); the highest recorded percentage of this species
among the samples (Fig. 4) and not unlike the innermost
sample (RH686/MC125 from Kongsfjorden collected by
SAMS in 2002.
c) Van Mijenfjorden
The 50 km long and 10 km wide Van Mijenfjorden is
the second largest fjord intersecting western Spitsbergen (Fig. 1A). The fjord comprises three basins, and the
water depth in the deepest part of the outer basin is 112
m, whereas in the middle and inner basins it is 74 and
30 meters, respectively. The seabed sediments are dominated by silty clay (Hald et al. 2001). The fjord is virtually closed to the sea, except by the long and narrow
Axeløya, which is located close to the inlet of the fjord.
The sill depth at the mouth of the fjord is 25 m. Only
modest advection of warm AW occurs, and inside the
fjord locally formed cold water dominates. The surface
waters are, however, seasonally warmed. The temperature and salinity of the bottom water is around –1º C and
34psu, respectively, and the pycnocline is located at 10 to
15 m water depth. Recently the glaciers have experienced
a marked volume loss and the tidewater glaciers Fridtjovbreen, which is located in the northern outermost parts
of the fjord, together with Paulabreen and Bakaninbreen
located at the head of the fjord, are the only glaciers left
in the fjord.
Three samples were collected from Van Mijenfjorden
(Fig. 1A). The innermost (H01-1254) of these was collected in 74 m water depth in the northeastern part of the
outer basin, close to the sill intersecting the middle and
outer basins. It is characterized by extremely low numbers (88) of cysts/g of sediment and by containing abundant reworked pre-Quaternary material including dinocysts, spores and pollen grains. Only a single specimen of
I. minutum, two specimens of Brigantedinium spp., one
specimen of Selenopemphix quanta, and a single specimen of Echinidinium karaense were recorded.
The two other seabed stations are located in the outer
part of the fjord (Fig. 1A). Sample H01-1251 was collected in 115 m of water close to the outer sill, in the
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vicinity of the northern fjord entrance close to the glacier
(Fridtjovbreen). It is dominated by I. minutum (70%),
and contains 29 % Brigantedinium spp. and 1% Spiniferites elongatus s.l. H01-1255 was collected inside Axeløya
in 83 m of water a short distance south of the northern
entrance to the fjord and is dominated by I. minutum
with significant percentages of Brigantedinium spp. and
minor occurrences of Selenopemphix quanta. It differs
from H01-1251 by containing a significant percentage of
P. dalei (Fig. 4).
d) Storfjorden
The Storfjorden Trough is located between southern
Spitsbergen and Bjørnøya, north of the MIZ (Haarpaintner et al. 2001) (Fig. 1A). The deepest part of the fjord
exceeds 160m and the sill depth is 120m. The inner part
of the fjord, north of 78ºN consists of a shallow shelf. The
water mass on the shallow shelf is mainly of Arctic origin and is transported to the area by the East Spitsbergen
Current (ESC). It is partly brought in by strong tidal currents through the two sounds in the northeast, and partly
by the coastal current entering Storfjorden from the
southeast (Fig. 1A). Three layers of water fill the Storfjorden basin during summer. The melting season starts at
the end of May providing the basin with fresh water from
glaciers, snow and ice. The surface water is a mixture of
ArW and meltwater, which has temperatures between 1°
and 3ºC and salinities below 34.4 psu (Haarpaintner et al.
2001). The thickness of this layer can be up to 60 m. The
intermediate layer consists of advected ArW, whereas
the bottom layer comprises a dense, brine-enriched layer
with freezing temperatures and salinities greater than
34.8 psu. Storfjorden undergoes large seasonal variations
in water-mass characteristics, and the distribution of the
abundant drift ice depends largely on the wind strength
and direction.
The distribution of dinocyst assemblages in Storfjorden
is illustrated by a transect, which runs from an offshore
location into the Storfjorden Trough to its inner shallow
shelf region (Figs. 1A). It shows that the cyst composition changes northwestward into the Storfjorden Trough
involving an increase of I. minutum and a decrease in
O. centrocarpum s.l., the species diversity and dinocyst
concentration (Fig. 3 - transect 4, and Fig. 5). The acritarch Halodinium spp. comprises 9% of the total dinocyst
counts in the sample H01-1243 located at 333 m water
depth in the trough. The two samples in the innermost
part of Storfjorden (H01-1244 and H01-1245) contain
abundant terrestrial organic detritus including many
reworked spores and pollen grains (Fig. 5). The cyst concentrations are low (843 and 1181 cysts/g) and the cyst
composition of the samples consist of two taxa, Brigantedinium spp. and I. minutum (Fig. 4). Sample H01-1245
is dominated by Brigantedinium spp., whereas sample
H01-1244 is strongly dominated by I. minutum (Figs. 1A,
5).
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Spatial distribution of cyst concentration (cysts/g)
The dinocyst concentrations in the 2001 samples are
highly variable depending on a variety of presumed
factors including cyst production, sedimentation rate,
predation and oxidation. Three of the samples contain
>20,000 cysts/g, whereas the rest contain <10,000 cysts/g.
The highest recorded number of cysts in the 2002 data
set from Kongsfjorden is 33,234 and occurs in the most
oceanward site, whereas the lowest number is 4,154 cysts.

Interpretation
The offshore region
The southernmost sample (H01-1242), located offshore
the Storfjord Trench, shows that surface water comprising warm, saline AW is strongly dominated by O. centrocarpum s.l. High percentages of O. centrocarpum
s.l. below warm saline AW, were recorded from both
the southern and southeastern Barents Sea by Harland
(1982), Voronina et al. (2001), respectively. Although in
the southeastern Barents Sea, O. centrocarpum s.l. dominates the assemblages (80%), and I. minutum is absent,
the percentage of O. centrocarpum s.l. in the sediments
below the AW decreases northwards as the percentage of
I. minutum increases. This occurs as the AW submerges
below less dense Arctic surface water northwards (Fig.
4). It also occurs near the oceanic front at the shelf break
/slope region as the AW advects into troughs. Therefore,
the relative percentage of O. centrocarpum s.l. versus I.
minutum may be used to indicate whether warm AW
flows at the surface or as a subsurface water mass. The
abundant I. minutum in the sample RH689/MC 069 from
the northerly located Yermak Plateau reflects the fact
that the site experiences seasonal sea ice (Fig. 4). I. minutum is well known as a cold polar to sub polar form and
often occurs associated with seasonal ice cover and summer SST rarely exceeding 7°C (Head et al., 2001; de Vernal et al. 2001). The percentage of O. centrocarpum s.l. of
18.5% together with N. labyrinthus indicates that the surface water at the site experiences some influence of AW.
The different dinocyst composition in the two closely
located offshore samples, H01-1282 and RH690/MC066,
collected in two different years (2001 and 2002), is difficult to explain (Fig. 1A). In spite of its offshore location (6°49´E), sample H01-1282 has a cyst composition
similar to those on the shelf and in the inshore region
indicating the presence of Arctic surface water (Figs. 1A,
3) and no influence of AW. RH690/MC066, on the other
hand, has less of an arctic dominance but reflects more
the influence of the North Atlantic Current and warmer
summer SSTs. The different cyst composition is probably
due to some variation in the strength of the AW current.
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The inshore region
Islandinium minutum has been often associated with
Arctic surface water and sea ice (Rochon et al. 1999; de
Vernal et al. 2001; Head et al. 2001; Marret & Zonneveld
2003). In the present study the species dominates the
shelf and most of the fjord environments where there is
cold, fresh ArW. The origin of this water is mainly from
the cold coastal current transporting ArW northward
along the shelf and locally formed ArW on the shelf
and in the fjords together with glacial melt and run off
(Svendsen 2002).
Dinocyst assemblages containing significant occurrences
(i.e. above 10%) of Islandinium? cezare s.s. are located in
areas influenced by Polar water (PW), i.e. cold and fresh
waters transported from the Arctic Ocean. I.? cezare s.s.
is widespread in the Arctic (Head et al. 2001; Marret &
Zonneveld 2003), but is not recorded as the dominant
species in any of these environments. It was absent from
most of the seabed samples in the southeastern Barents
Sea recorded by Voronina et al. (2001), except for one
sample located in an area of extensive sea ice, close to
Novaya Zemlya, where it records percentages of about
6%. It was recorded from shelf sediments of the Kara
Sea in abundances up to 10% (Head et al. 2001) and in
the Laptev Sea between 10 to 30% (Kunz-Pirrung 1998,
1999; Head et al. 2001). I.? cezare s.s. is thus common
in regions with restricted influence of warm water and
extensive sea-ice cover.
The Hornsund area (Fig. 1A) differs from most of the
other shelf sites further north along the west coast of
Spitsbergen by being less influenced by AW. The shelf
water and waters of SCC origin mix slowly with AW
creating strong temperature gradients. This region has
a more prolonged and dense sea ice cover than the shelf
and fjords further north. The fjord and the shelf outside
the fjord receive multiyear ice, which is transported to
the site, mainly from Storfjorden. It is uncertain whether
the occurrence of I.? cezare s.s. outside Hornsund is
related to the low temperature in the surface water or if
it is linked to other biotic or abiotic parameters. It might
be associated with the abundant multiyear ice that drifts
into the region. The occurrence of Islandinium? cezare
s.s. at around 10% or more may reflect the presence of
true polar surface water (PW) (Fig. 4, Table 2).
Only one sample, H01-1241, NW of Bjørnøya, was collected in the vicinity of the MIZ (Figs. 1A, 1B, 4, Table
2). The dinocyst assemblage below this type of surface
water comprises the highest recorded concentration of
23, 524 cysts/g and the highest percentages of Islandinium? cezare s.s. of 23% in this study. The various taxa
are usually associated with very different types of surface
water. The abundant specimens of the acritarch Halodinium spp., at this site may be associated with freshwater
plumes. These acritarchs may derive from melted sea ice
north of the MIZ, which advected across the MIZ. The
cyst composition in H01-1241 is possibly characteristic
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for the MIZ environment. However, as for the PW environment, more samples need to be investigated to confirm this relationship.
The southernmost shelf sample (H01-1239) is located
east of Bjørnøya, north of the maximum southern extent
of the MIZ, and outside the area influenced by inflowing AW of the NCC (Fig. 1A). The dinocyst concentration is low, and the assemblage is dominated by Islandinium minutum; it is likely characteristic of Arctic surface
waters and low nutrient levels. According to Wassmann
et al. (2006) there is a clear distinction between the low
primary production in the ice-covered Barents Sea and
the higher production in open water.
Fjord regions
a) Kongsfjorden and Krossfjorden
The strong dominance of I. minutum reflects Arctic surface water and the restricted influence of AW, whereas
the occurrence of P. dalei is likely related to early spring
stratification and productivity. P. dalei is common in
Arctic and sub-Arctic regions but less common in highArctic regions (Mudie & Rochon 2001; Kunz-Pirrung et
al. 2001). It occurs rarely in the Laptev Sea, which has
almost no influence from warm saline waters, extensive sea ice or highly stratified waters. It is also rare in
the Canadian Arctic Archipelago (Mudie & Rochon
2001). It has been recorded in high proportions in trap
samples from the Arctic fjord Rijpfjorden (Howe et al.
in press.), in seabed samples from the southeastern Barents Sea (Voronina et al. 2001) by up to 60%, and in seabed samples from the western Barents Sea (Solignac et
al., this issue). P. dalei is also common in Scandinavian
fjords during late spring and early summer (Harland et
al. 2004). The multivariate analyses carried out by Solignac et al. (this issue), support the hypothesis that P. dalei
is related to early spring stratification and productivity.
Such a situation, therefore, likely occurred at the site
where the most inshore sample RH 686/MC 125, containing abundant P. dalei (62%), was collected in Kongsfjorden during 2002.
Willis et al. (2006) recorded a change in the fjord hydrology in Kongsfjorden during 2002, involving a change
from local Winter Cooled Water (WCW) to an influx of
ArW from the coastal current in late May. Towards the
end of June the ArW was replaced by AW from the WSC,
involving a temperature increase of 2.75 °C (Willis et al.
2006). This may explain the presence of Selenopemphix
quanta in sediment trap data from Kongsfjorden in 2002
(Howe et al. in press.).
The assemblage in the sample from Krossfjorden, located
outside the cyclonic gyre influencing Kongsfjorden, and
dominated by I. minutum and lacking P. dalei, reflects
ArW.
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b) Sassenfjorden
As for Kongsfjorden the high percentage of P. dalei in
Sassenfjorden is likely related to a stratified spring water
column and high productivity. Halodinium spp., comprising 19% of the counted dinocysts, reflect influx of
fresh water; and the relatively low percentage of I. minutum (22%) suggests that there was Arctic surface water
and possibly sea ice during at least a short period.
c) Van Mijenfjorden
Although the low number of counted cysts in the innermost sample (H01-1254) makes it difficult to relate
the cyst composition to the prevailing hydrology, the
extremely low cyst concentration combined with the
absence of species characteristic of warm saline AW
reflects the restricted advection of AW into Van Mijenfjorden and the low levels of nutrients. Somewhat higher
cyst concentrations were recovered from samples H011251 and H01-1255 in the outer part of the fjord. The
strong dominance of I. minutum in both of these samples
reflects ArW, whereas the 10% occurrence of P. dalei in
sample H01-1255 is possibly related to stratified spring
water with high productivity.
d) Storfjorden
The changes in the cyst composition in the transect,
which runs into the Storfjorden Trough, reflect advection of warm saline AW below Arctic surface water (Figs.
1; 3-transect 4; Fig. 5); the occurrence of Halodinium spp.
in the trough suggests the influence of fresh water. In
contrast to the cyst composition of the oceanward sample H01-1242, the cyst composition in the two samples in
the innermost part of Storfjorden (H01-1244 and H011245) reflects restricted influence of AW (Fig. 5). During
the winter 1998/1999 a polynya opened south of 78ºN
under northerly winds, generating large areas with open
water (Haarpaintner et al. 2001). These conditions likely
prevailed until 2001 as reflected by the strong dominance
of Brigantedinium spp. in sample H01-1245, indicating
upwelling within the polynya. Throughout the winter of
1997/1998, the area north of 78ºN and a several-kilometer-wide band along the Spitsbergen Coast were covered
by fast ice (Haarpaintner et al. 2001). This was likely the
situation during 2001 too, as indicated by the dinocyst
composition in sample H01-1244, reflecting Arctic surface water, and extensive sea ice.

Distribution of dinocyst assemblages
Based on the composition of cysts in the sediments,
three distinct assemblages are recognized (Fig. 4). These
appear to be associated with particular surface waters.
Atlantic Water (AW)
Cysts of autotrophic species dominate the sediments

NORWEGIAN JOURNAL OF GEOLOGY

Dinoflagellate cyst assemblages inshore and offshore Svalbard 133

below relatively warm saline surface water. These assemblages are characterized by Operculodinium centrocarpum s.l. or contain significant percentages of this taxon
(Fig. 4). Such assemblages occur off the shelf break, west
of the Barents Sea and West Spitsbergen (Figs. 1A, 1B).

based on few samples more seabed samples need to be
investigated to confirm the relationship between these
assemblages and conditions in the overlying surface
water.

Arctic surface water (ArW)

Acknowledgements: We acknowledge the Norwegian Research Council
through the French/Norwegian collaboration project Aurora for funding, Kari Lise Rørvik for assisting with the collection of the samples
on board r\v Heincke, Bente Kjøsnes at the Geological Survey of Norway for processing the samples and Martin Head and Anne de Vernal
for improving the manuscript by their critical reviewing. RH and JH
thank David Bodman of MB Stratigraphy Ltd for his careful palynological preparations of the SAMS samples

Sediments below Arctic surface water are dominated
by Islandinium minutum, and often contain significant
percentages of Brigantedinium spp. (Fig. 4, Table 2).
The species diversity varies, but it is usually less than
in sediments below AW. O. centrocarpum s.l. comprises
minor percentages (up to 4%). These assemblages typically occur on the shelf west of Spitsbergen, but may also
occur in fjords and offshore regions not influenced by
warm saline water.
Stratified water with high productivity (SW)
The sediments below this type of water are either dominated by Pentapharsodinium dalei, or contain high
percentages of this taxon (Fig. 4, Table 2). This type of
assemblage occurs in fjord regions and results from
ample supply of fresh water from glaciers, melted snow
and ice.
The dinocyst assemblages show clear relationships with
the distribution of surface water masses and environmental settings. The results also improve the knowledge
of the ecological requirements of several Arctic dinocysts and especially those previously grouped together as
Islandinium spp. The fact that the dinocyst assemblages
may contain cysts at different water depths within a stratified water column represents a challenge for the transfer
function approach, which reconstructs one set of parameters based on all the cysts in the assemblage. However,
it shows that dinocyst assemblages could be used for
reconstruction of water mass stratifications as suggested
by Solignac et al. (2008).

Conclusions
The relatively high number of dinocyst species in the
investigated area makes it possible to discriminate
between dinoflagellate cyst assemblages and the regional
variations in the sea surface conditions. It is possible to
recognize three distinct types of surface water namely
Atlantic Water (AW), Arctic Water (ArW) and stratified
water with high productivity. AW is characterized by significant to dominant occurrences of Operculodinium centrocarpum s.l. ArW is characterized by dominant Islandinium minutum, whereas stratified water with high productivity is characterized by Pentapharsodinium dalei.
Two additional types of surface water environments representing true polar water (PW) and Marginal Ice Zone
environment may also be recognized and these are discussed in the text. However, because these are presently
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