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ABSTRACT
The present investigation was initiated to report on species compositions and dynamics in the
Norwegian-Greenland Sea during low production phases in spring and early summer. Thus,
the distribution patterns of living coccolithophores during June to July, 1990, February and
May, 1991, and March to April, 1995 were investigated. In general, the seasonal development
of the phytoplankton started after the yearly dark period and coccolithophores increased in
abundance when the water column was more stratified and both temperatures and insolation
increased. Cell densities reached a maximum of 207x10~coccospheres/l in the southeastern
part of the studied area. However, these high cell densities probably resulted from ,,old" populations, drifted to the Norwegian-Greenland Sea from the North Atlantic. Some of the collected
samples did not contain any coccolithophores.
In total, 15 coccolithophore species were identified. The diversity was generally higher in the
eastern part of the Norwegian-Greenland Sea and to the west the coccolithophore communities
often were monospecific. Emiliaizia ht~xleyiis the dominant species, but Cnlciopnppl~scnudntns
and Algirosphnern robustn also considerably contribute to the communities. High cell densities
z ~ s interpreted as the result of a bloom or more probably close to bloom conof C. c n ~ ~ d n t were
ditions during the general low productive period. In addition, many of the E. huxleyi coccolith
from the surface waters of the southeastern Norwegian-Greenland Sea were heavily corroded.
These specimens may have drifted within the Atlantic water for a longer time.

INTRODUCTION
Coccolithophores are a major group of marine, unicellular phytoplankton. They form external calcified plates with a complex ornamentation, which
cover the cell surface. These coccoliths form an
important part of the fine fraction of deep-sea sediments and therefore are extensively used in biostratigraphic, paleoecologic, and paleoceanographic studies (e.g. McIntyre & Be, 1967; Geitzenauer et al., 1976; Roth & Coulborn, 1982;Gard, 1988;
Crux & van Heck, 1989; Baumam, 1990; Baumann
& Matthiessen, 1992). Many studies on recent
calcareous nannoplankton in the northern Atlantic
Ocean are predominantly taxonomic (e.g. Halldal

& Markali, 1954, 1955; Gaarder & Markali, 1956;
Gaarder & Heimdal, 1977; Heimdal & Gaarder,
1980,1981;Kleijne, 1991; Knappertsbusch, 1993).In
addition, much of the earlier plankton work from
our study area in the Norwegian-Greenland Sea
only included microscopic examinations of the
netplankton, while the smaller nannoplankton has
often been overlooked. However, a number of
investigations concerning the dynamics and ecology of calcareous nannoplankton in northern
North Atlantic have recently been published (e.g.
Samtleben & Schroder, 1992; Knappertsbusch &
Brummer, 1995; Samtleben et al., 1995a). About 20
different coccolithophore species have so far been
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Figure 1. Map of the Norwegian-Greenland Sea including surface current pattern, oceanographic fronts, ice edge
during June 1990 (from Thiede & Hempel, 1991),and locations (squares)of the plankton samples.

identified in the Norwegian-Greenland Sea (e.g.
Halldal & Markali, 1955; Samtleben & Schrijder,
1992; Samtleben ef nl., 1995a). The communities
with the highest diversities are found in the area of
the Norwegian Current. To the north and to the
west species numbers gradually decrease and only
three species are found on the Greenland shelf
(Samtleben & Schroder, 1992).
The Norwegian-Greenland Sea is an area of
strong east to west hydrographic gradients (Fig. 1).
The present surface current system on the eastern
side of the Norwegian-Greenland Sea is dominated
by the Norwegian Current, a relatively warm (6"10°C), saline (>35%0)branch of the North Atlantic
Drift flowing northward into the Arctic Ocean
(Swift, 1986). On the western side the East-Green-

land Current carries cold (<O°C), less saline (3034%o)polar water southward along the East Greenland coast. Between these two main currents mixed
Arctic surface water is formed in two large gyres
(Jan Mayen Current and East-Iceland Current)
(Johannessen, 1986). The close juxtaposition of
warm and cold water masses results in the formation of distinct oceanographc fronts (Fig. l).
The Norwegian-Greenland Sea is also characterized by strong seasonal changes which are
mainly controlled by cycles of insolation, water
temperature, and ice cover. These seasonal changes
result in distinct variations of the biological productivity (Bathmann et nl., 1990; Bauerfeind el a/.,
1994; von Bodungen ef nl., 1995). Long-term
records of vertical coccolithophore flux in the Nor-
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in different years since 1990 during spring and
early summer in the entire Norwegian-Greenland
Sea and are part of an on-going sampling project
on coccolithophores in this region. A total of 76
plankton samples from 30 stations (Fig. 1) have
been studied and are listed in Appendix 1 together
with the geographical and hydrological data for
each location.
The main portion of plankton samples was collected during PRV ,,Polarstern" Cruise ARK VII/l
(Thiede & Hempel, 1991) between June 12th and
July 8th in 1990. Sampling took place along two
transects extending from the central Norwegian
Sea to the continental margin of Greenland, crossing the major surface water mass boundaries (Fig.
1). The ice edge was crossed by PRV ,,Polarstern"
several times during ARK VII/l (Thiede & Hempel, 1991). Thus, samples of the stations 8, 10, 11,
and 12 are from below the ice cover. Ice concentra-

wegian-Greenland Sea demonstrated strong seasonality with peak fluxes during summer and
autumn. A less distinct but still recognizable coccolith flux was observed during spring and early
summer (Samtleben & Bickert, 1990; Andruleit, in
press). However, the distribution of living coccolithophore communities during this time of the
year was hitherto poorly known in the NorwegianGreenland Sea. Thus, this study was initiated to
report on species compositions and dynamics
during low production phases in spring and early
summer. The present investigation is part of an
extensive actualistic study of the plankton community, settling assemblages, and development of late
Quaternary assemblages in the Norwegian-Greenland Sea (Samtleben ef al., 1995b).
MATERIAL AND METHODS
The investigated plankton samples were collected
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Figure 2. Cell densities and species compositions of coccolithophore communities during low production periods in
spring and early summer in the Norwegian-Greenland Sea.
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tions ranged from 1/10 to 9/10, but generally were
about 5/10. The dominant ice type seen was 2.5m
to 3.5m-tluck multiyear ice, wlule firstyear ice was
uncommon. Additional water samples were taken
during a ,,Valdivian Cruise in the central and
northern Norwegian Sea between May 20th and
27th in 1991, and during two ,,Poseidon" Cruises in
the eastern and northern Norwegian Sea from
February 22nd to 27th 1991 and March 25th to
April 6th 1995 (Appendix 1).
Generally, samples were taken in 51 Niskin
bottles with a Rosette-sampler. Dependent on
CTD-profiles, water was collected at the surface,
above (71n-30m) and below (10m-40m) thermocline, and at around lOOm water depth at each station. Additional surface water samples from 10m
depth were obtained with the ship's seawater
pump (Stations 1, 4, 5, 6, and 7).
The water samples were immediately filtered
on board through Millipore filters (47 rnm diametel; 0.45 ym pore size) by means of a vacuum
pump. Without further washing, rinsing or chemical conservation the filters were dried at 40-60°C
for at least four hours. The filters were then stored
in plastic Petri dishes, and kept permanently dry in
closed boxes with silica gel.
Coccolithophore cell densities were determined
with a scanning electron microscope (SEM) at 10
KV. For that purpose, a small piece was cut from
the dried filter, fixed on an SEM stub, and then coated with carbon and gold. The number of individuals and the species composition were determined by identifying and counting coccospheres
on measured transects (1-2 mm2) at a magnification of 2000x. A specimen which appeared to be a
perfect or nearly perfect coccosphere was counted
as one individual. Isolated coccoliths were not
included in this study. For species identification
the publications of Gaarder & Heimdal (1977),
Okada & McIntyre (1977), Nishida (1979), Norris
(1984),Sarntleben & Schroder (1992),and Jordan &
Kleijne (1994) were used.
RESULTS
Coccolithophore cell densities and species compositions
The standing crop varied from 207x10~coccospl~eres/lat station 2 to below 1 x 1 0 ~coccospheres/l at several stations (Appendix 1). Some of the
collected samples did not contain any coccolithophores (Fig. 2). In particular, samples from the
western part of the study area were characterized
by very low cell densities (consistently <2.5x103
coccospheres/l) or were even barren. Medium (1 to
50x10~coccospheres/l) to high (>50x103 coccospheres/l) cell densities were found only in surface
water samples from the eastern Norwegian Sea

which were influenced by temperate water of the
Norwegian Current. This general distribution of
cell densities was independent of the time of sampling; for example stations 11 to 14 from the northwestern Greenland Sea were taken during early
July and were barren of coccolithophores, whereas

0

2

4

6

8

10

No. Specieslsa~nple
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Figure 5. Vertical distribution of coccolithophore communities from stations which have at least three samples contnining coccolithophores. Salinity and temperature data for stations 2,3, 9, and 16 are from CTD-measurements.

stations 28 to 30, taken earlier in the year during
late March and early April, already exhibited
medium cell densities.
Overall, a total of 15 coccolithophore species
was identified during the present study (Appendix
2; Plates 1, 2). The number of species generally
increased with increasing cell numbers (Fig. 3). The
diversity was generally higher in the eastern part
of the study area and coincides with the highest
cell densities. To the west the coccolithophore communities were often monospecific.
The main component of the coccolithophore
flora in surface waters was Enliliania huxleyi. This
species almost always dominated the communities
when medium to high cell densities occurred,
accounting for approximately 70% of most of the
sample communities. An exception was station 24
dominated the coccowhere Calciopappz~scal~datt~s
litl~ophorecommunity with high cell densities of
about 100x10~coccospheres/l. Other species such

as Algirosphaera robustn, Acantlznica ql~nttrospirzn,
Ophiaster hydroideus, and Symcosphaern mnrgirznpomta, were also well represented during the nonproduction phases but neither reached high cell
densities nor dominated the communities. Coccnlithlls pelagic~rs,found in both the non-motile stage
and the Crystallolitlzus hyalirzl~s stage (motile
phase), was the most frequently occurring species
but was important only at station 16 with 8x10~
coccospheres/l. This species frequently was characteristic of very low diversity to monospecific
communities, especially in the western part of the
study area.
Sixteen of the 30 subsurface samples (> 201n
water depth) yielded coccosphere communities
with nine species (Appendix 1).Cell densities were
highest in the uppermost 20m of the water column
and decreased towards greater depth, whereas the
number of species did not show equivalent changes (Fig. 4). Cell densities and species compositions
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of all stations with at least three sampling depths
which were not barren are depicted in Figure 5.
At all locations the communities in a mixed
water layer above a thermocline were characterized by a relatively high similarity in species composition. At stations 2,3,9, and 16 the temperature
and salinity values (Fig. 5) indicated the transition
between two different water layers. Above this
stratification, diverse communities with highest
cell densities prevailed, often dominated by E.
lmxleyi. In contrast, in the range of the thermocline
and especially below it C. pelngicns dominated the
low diversity to monospecific communities with
very low cell densities. At stations 24-27 no clear
thermocline was observed and, thus, abundances
and species composition were relatively similar to
each other at all depths. E. luuxleyi was the most
dominant species in all of the samples at stations
25-27, whereas at station 24, Calciopnppt~sc a u d a t ~ ~ s
dominated the coccolithophore flora. In addition, a
strong decrease in cell density with increasing
water depth was observed at the latter station.
Many of the June-July 1991-samples (from PRV
Polarstern ARKVII/l-cruise) also contain a significant number of siliceous organisms, including diatoins and some silicoflagellates. A bloom of Thnlassiotrix longissinzn was observed over the eastern Iceland Plateau; and west of Jan Mayen high concentrations of Rhizosolenin spp. occurred (see also
Thiede & Hempel, 1991). However, most of the
samples of the westernmost stations were free of
siliceous organisms as well as of coccolithophores.
Corrosion of coccolithophores
The presence of highly corroded and/or dissolved
coccospheres and, especially, coccoliths was a significant result of this investigation. Remarkably,
corroded specimens were found only in the JuneJuly 1991 samples within the temperate Norwegian
Current. In addition, only coccoliths of Emiliania
huxleyi were affected by this feature. Other delicate-structured forms such as Cnlciopappus cat~datus, Acnnthoicn qt~attrospinndid not show any signs
of corrosion or dissolution. All samples also contained a relatively high number of intact E. huxleyi
specimens. Nevertheless, more than approximately
7O0/o of the E. huxle~jicoccospheres in the plankton
samples from surface and subsurface waters of the
Norwegian Current (Stations 1,2,3,4, and 16) were
collapsed and many of them had an opening, possibly a pylome (Plate 2, Fig. 6).
All coccospheres seemed to have their normal
shape, and only the coccoliths show a high degree
of corrosion. Usually, all coccoliths on a coccosphere were affected. However, the proximal shield
of the coccoliths was not or less affected by this
phenomenon, and differentiation of boundaries
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Figure 6. Cell densities and numbers of species per
sample plotted against calendar days (black dots = 025m water depth, open circles = >25m water depth).
Note that cell densities >150*103cells/l probably resulted from drifted ,,old" E. hr~xleyipopulations.

between single proximal shields was often
impossible. The T-shaped elements of the distal
shields were not connected to each other at the
periphery and mostly their arrangement was
totally disturbed. Often, single elements were
heavily or totally dissolved. The elements of the
central opening either were fused together without
building the normal central grid or were absent
(Plate 2). In addition, incomplete shields in the central area of the specimens (Plate 2, Fig. 3,6) are probably organic and not fused calcitic elements.
DISCUSSION
Variation in coccolithophore cell densities and
community dynamics
The observed coccolithophore communities are
part of a recurrent seasonal cycle of communities in
the Norwegian-Greenland Sea. However, the
production phases and the development of coccolithophore blooms are highly variable in space and
time (Samtleben & Schroder, 1992; Samtleben et nl.,
1995a).Also, the composition and species numbers
within the Norwegian Current may vary considerably from year to year. Sakshaug ct nl. (1981) found
small-scale and short-term horizontal and vertical
variations in standing crop of the coccolithophore
flora off northern Norway in 1975 and 1976. However, generally the main production phase of coc-
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colithophores in the Norwegian-Greenland Sea
shifts from the southeast to the northwest during
summer (Samtleben & Schroder, 1992; Samtleben et
nl., 1995a). While south of Iceland the first blooms
occur during May/June, a high cell density is
observed in the region of the Verring Plateau
during July, in the Barents Sea during August, and
west of Jan Mayen not before September. In the
present study, the limiting influence of low temperatures to coccolithophore thriving is clearly depicted by overall low cell densities and many barren
samples during spring and early summer. This is,
further supported by absence or very low cell densities of coccolithophores recorded at the westernmost stations which, at least partly, were within the
ice cover. The increase in coccolithophore production during spring and early summer is also indicated by a general increase in cell numbers in the
investigated samples (Fig. 6). This holds true even
when considering that a high portion of Emilianilr
huxleyi, the main component of the community,
may not be part of the coccolithophore standing

crop of this region. The heavily corroded specimens most probably were the result of a plankton
bloom which occurred in the North Atlantic either
in fall of the previous year or in early spring and
were drifted to this region by the North Atlantic
Drift (see discussion below).
It is obvious that, even during low production
phases in spring coccolithophore communities
may exhibit a relatively high variability in both
species diversity and species composition,
although low cell densities prevailed during
February to April (Fig. 6). Cell densities, in contrast, drastically increased in waters above about
5°C (Fig. 7). In addition, medium to high cell densities are only reached in the eastern part of the
Norwegian-Greenland Sea, in an area influenced
by temperate surface waters of the Norwegian
Current, whereas relatively high cell concentrations in late summer were previously recorded in
close proximity to the East Greenland Current
(Samtleben & Schroder, 1992; Samtleben et al.,
1995a).Therefore, during spring and early summer
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Figure 7. Cell densities and numbers of species per sample plotted against both temperature and salinity.
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the oceanic fronts, such as the Arctic Front, divide
the Norwegian-Greenland Sea into distinct areas of
coccolithophore habitats. In the western part,
which mainly coincides with the Artic water
masses, only low diversity to monospecific communites were observed, whereas in the eastern
part high cell densities with high diversities were
already present. In contrast, in late summer during
the main production phases the oceanic frontal
systems probably lose their boundary function and
high cell densities, especially of E. h~lxleyi,occur in
the entire study area (Samtleben et al., 1995b).
In general, the low standing crop as well as the
increase in cell density during the period FebruaryJune corresponds well with previous findings of
Halldal (1953),Braarud et al. (1958),Smayda (1958),
Samtleben & Schroder (1992), and Samtleben et al.
(1995a). They all reported that coccolithophores
play a very subordinate role in the NorwegianGreenland Sea before summer. Diatoms make up
the bulk of the phytoplankton, but usually with
small populations before May (e.g. Halldal, 1953).
In the present study, this is supported by significant number of diatoms which were observed
over the eastern Iceland Plateau and west of Jan
Mayen during June 1990 (see Thiede & Hempel,
1991). 111 contrast, investigations have recorded
large amounts of coccolithophores in the entire
Norwegian-Greenland Sea during summer (Samtleben et al., 1995a). Thereby, abundances of single
species changed spatially and temporally, and
strong summer blooms occurred.
Species distribution and composition
The overall species number of the investigated coccolithophore communities is only slightly lower
than the total of about 25 previously described
living species in the Norwegian-Greenland Sea
(Halldal & Markali, 1955; Braarud et al., 1958;
Smayda, 1958; Ramsfjell, 1960; Sakshaug et al.,
1981; Samtleben & Schroder, 1992; Samtleben et al.,
1995a, b). This indicates that the communities of
spring and early summer are already represented
by typical species compositions of this area. Thus,
not changes in diversity but the proportions of species seem to be the main characteristic of the high
northern coccolithophore communities. This holds
true especially for Anthosphaera roblrsta and Syracosphaera ~nargilznporata.These two species were
present in most samples which were not barren,
but never reached dominant portions of the communities. However, both species are dominant
members both of deep-living communities and
post-bloom communities respectively in late summer and autumn (Samtleben et al., 1995a).
Changes in composition and cell density of the
coccolithophore community during the study

period are, at least in part, dominated by changes
in the abundance of Einiliania 1zzlx.leyi. This species
is by far the most abundant coccolithophore species in the investigated water samples. Moreover, it
is the most important and ubiquitous species in
todays world oceans. Gigantic blooms which
mainly consist of E. htlxleyi are regularly observed
during early summer in the subpolar North Atlantic and the adjacent Norwegian-Greenland Sea
(e.g., Holligan et al., 1983, 1993; Samtleben c.t nl.,
1995a). In our study, cell densities were considerably lower than previously described from this
area, especially during February - April. Enlilinr-lin
I.luxleyi is dominant mainly in the surface layers
(<30m water depth) and, with the exception of stations 25-27, its abundance drops drastically at the
thermocline. The presence of relatively high cell
numbers in the subsurface samples at 75m in May
1991 (Stations 25-27, see Fig. 5) seems to indicate
that this species has lived deeper in the photic
zone. However, coccolith production in E. hltxleyi is
light-dependent (Westbroek et al., 1989) and, thus,
these high cell numbers below thermocline depth
are most probably due to repopulations, introduced from the south via the Norwegian Current.
In addition, the relatively high cell densities recorded in the southernmost Norwegian-Greenland
Sea were probably not part of the increase in late
spring/early summer E. hlrxleyi production, but
rather the result of a supply from outside the Norwegian-Greenland Sea.
The large differences in the numbers of E.
huxleyi between spring and summer are probably
due to several factors. Tlus species is dominant in
water masses depleted in nutrients (Okada &
Honjo, 1975; Kleijne, 1990) while diatom growth is
favoured by nitrate dominated water masses (Probyn, 1993). In addition, it has been shown that E.
hllxleyi becomes abundant when the water column
becomes stratified (Brand, 1994). Stable water
masses further increases the growth rate of E.
huxleyi, which is higher than those of other coccolithophore species (Brand, 1982). Therefore, this
species seems to have a much higher reproduction
rate than other coccolithophores.
Calciopapplls calldatrls was also commonly
observed in our samples. Tlus species reached
medium high cell densities at station 3, and exceptionally high cell densities at station 24 which had
not previously been found in the NorwegianGreenland Sea. Samtleben & Schroder (1992) observed C. caudatus in abundances below 10x103
cells/l evenly distributed in the surface water
masses of the Norwegian-Greenland Sea. Thus, we
assume that the high coccolithophore cell densities,
especially at station 24, were the result of a C. calldattls bloom or probably close to bloom conditions
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during the general low productive period. Previous observations have already shown that this
species can be a prominent coccolithophore in the
Norwegian Sea as early as May and June (Ramsfjell, 1960; Paasche & Rom, 1962;Schei, 1975).Large
populations were observed when the water temperature was only 4-6"C, although C. cal~llatl~s
was
also present at most of the localities in the warmer
Atlantic water of the Norwegian-Greenland Sea.
Early bloolns of other species comparable to those
of C. cnlidntlis are not reported from this area, but
have been observed in the subpolar North Atlantic
s o u t l ~of Iceland (Knappertsbuscl~& Brummer,
1995). There are, however, reports of blooms of C.
cnl~dntlisfrom Norwegian fjords, where large quantities were observed in both early and late summer
(Scl~ei,1975).
Coccolith~isyelnsiclis, which is today regarded as
a cold-water adapted species (Braarud, 1979), had
a lug11 abundance in the investigated samples but
did not exhibit generally higher cell densities in
comparison to the summer communities (Samtleben & Schroder, 1992; Samtleben et 01. 1995~1,
1995b). C. yelasicris is observed with medium cell
densities only in one sample (station 16), despite of
being the dominant species of the poor to monospecific communities. This species seems to be a
,,survivor" species, i.e. it is still found at locations
were other species are missing due to a too harsh
environment. In the western part of the study area,
~ ~the
s most commonly found
where C. y e l ~ ~ g i cis
species at all depths, in many cases temperature
seems to be the limiting factor. In contrast, in the
eastern part C. pelagic~is seems to dominate the
communities below the thermocline. Most of the
other species again were influenced by decreasing
temperatures but also by reduced insolation.
There are several stations (e.g. 17 to 22) with
relatively high temperatures of more than 4°C
which are characterized by very low cell densities
or even the absence of coccolithophores (Appendix
1, Fig. 7). These stations, located in the northeastern part of the study area, should have been
permanently influenced by coccolithophore communities via the northern prolongation of the
North Atlantic Drift. However, this is not the case
and, therefore, temperature does not seem to be the
only reason for the absence of living coccolithophores in the surface waters of the northern Norwegian-Greenland Sea. These stations were
sampled in February 1991 which was the earliest
time in the year of all sampling. Therefore, it becomes obvious that coccolithophores are at their
linuts for living probably due to low insolation
intensities and not only due to low temperature.
The seasonal development of the phytoplankton
started after the yearly dark period and coccolitho-

phores increased in abundance when the water
colu~nnwas more stratified.
Corrosion of coccolithophores and coccoliths
Many of the coccolithophores (> 70%,!)from the
southernmost stations were highly corroded
(Plate 2). However, only coccoliths of Errlilinrricl
Illisle?ji were affected and corroded specilnens in
the surface samples always co-occurred wit11 intact
cells. This feature may be the result of either dissolution (Schneidermann, 1977) or of malformation,
which is the incomplete formation of single coccoliths (Kleijne, 1990). Malformed coccolitlls werc
mostly described from marginal and inland seas
during several seasons (Okada & Honjo, 1975;
Kleijne, 1990). Young & Westbroek (1991) recently
described that malformed E. Illisle!yi coccolitl~s
commonly occurred in late stationary phase cultures, and in cultures held in artificial sea water.
Thus, they concluded that a depletion in trace
nutrients might be responsible for the observed
malformation.
However, the recorded E. hlisleyi specimen are
not identical to the malformed coccoliths described
by Okada & Honjo (1975) and Kleijne (1990). Malformation is not observed in this study, but many
of the specimens from the surface waters siinply
were heavily dissolved. Dissolution of coccolitl~sin
the near-surface waters has not been widely reported from the open Norwegian-Greenland Sea, but
was described recently from Norwegian fjord
populations (Young, 1994). Thus, it seems likely
that the observed specimens drifted witlun the
Atlantic water for a longer time and, therefore,
these specimens most probably were supplied to
this region from outside the Norwegian-Greenland
Sea via the North Atlantic Drift. A wide range 01
altered morphotypes caused by different degrees
of dissolution have been reported from surface
sediments (Burns, 1977). It is interesting to note
that a dissolution feature typical for sediment
samples can be seen in the plankton samples from
the Norwegian-Greenland Sea (Plate 2, Figs. 3, 4).
The difference between dissolution morphotypes
usually seen in surface sediments and that of
plankton samples has been discussed by Young
(1994). He concluded that the collapsed coccolith
pattern may be the result of early dissolution,
when there is still a large amount of organic matter
surrounding the coccoliths.
In addition, many of the dissolved coccospheres have an opening (Plate 2), which may probably be a pylome. Young (1994, Fig. 6A) also
found coccospheres of collapsed coccoliths which
do have holes and described this feature as collapsed structures. This is probably the case in
many, but not in all of our samples. Although a
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phenomenon like a pylome in E. huxleyi has not
been described earlier, this species is known to
have several life phases (Klaveness, 1972). Besides
the common coccolith-bearing cells, naked cells
lacking conspicuous extracellular scales or coccoliths are commonly found in laboratory cultures
(e.g. Wilbur & Watabe, 1963; Klaveness, 1972). It is
also known that motile life stages alternate with
non-motile stages. Possibly, these cells document a
change in the life phase of an E, h l i x l q i population.
However, the primary mode of reproduction in
coccolithophores is asexual binary fission and each
daughter cell gets about half the coccoliths of the
former coccosphere (Brand, 1994). Another possibility would therefore be that this population has
been grazed by small heterotrophic organisms. At
least, whether this or the release of a single daughter cell accounts for the cells openings cannot be
confirmed from the present material.
CONCLUSIONS
The spatial and temporal distribution of spring to
early summer coccolithophore communities in the
surface and subsurface waters of the NorwegianGreenland Sea has shown considerable variability
in both cell numbers and species composition. In
contrast, changes in diversity do not seem to be the
main characteristic features of high northern
coccolithophore communities. Relatively high species numbers are already present early in spring
although cell densities are still low.
Overall, a total of 15 living species is recorded
from the Norwegian-Greenland Sea samples, all
known from this area. Coccolithophore standing
crop and species diversity are highest in the
eastern part of the study area, influenced by the
warm Atlantic surface water. In the western part of
the Norwegian-Greenland Sea communities often
were monospecific and characterized by very low
cell numbers. The seasonal development of the
phytoplankton started after the yearly dark period
and coccolithophores increased in abundance
when the water column was more stratified and
both temperatures and insolation increased.
Emiliania htixleyi is the dominant species, but
Calciopappzis ca~idattisand Alqirosphera robtista also
contribute significantly to the communities. High
cell densities, of C . calldntlis were interpreted as the
result of bloom or more probably close to bloom
conditions during the general low productive
period. In addition, many of the E. huxleyi coccoliths from the surface waters of the southeastern
Norwegian-Greenland Sea were heavily dissolved.
It seems likely that they drifted within the Atlantic
water for a long time and, therefore, these specimens may have been supplied to this region from
outside the Norwegian-Greenland Sea via the

North Atlantic Drift.
ACKNOWLEDGEMENTS
We are grateful to Jeremy Young who made valuable suggestions on the manuscript. The officers
and crews of the research vessels PRV Polarstern,
RV Valdivia, and RV Poseidon are thanked for their
excellent help during expeditions. U. Jacobi carefully collected water samples during the RV Valdivia cruise. U. Schuldt and W. Reimann provided
invaluable technical support. This study was part
of the Special Research Projekt 313 (contribution
no. 298) which was funded by the German Science
Foundation.
REFERENCES
Andruleit, H. 1995. Coccolithophoriden im Europaischen Nordmeer: Sedimentation und Akkumulation;
sowie ihre Entwicklun wahrend der letzten 15000
Jahre. Berichte O I L S dern &nderforschunxsbcreicll 313, 59,
1-110.
Andruleit, H. in press. Coccolithophore fluxes in the Norwegian-Greenland Sea: Seasonality and assemblage
alterations. Marine Micropnleontology.
Bathrnann, U.V., Peinert, R., NYi, T.T. & v?n Bodungen,
B. 1990. Pelagic origin and ate of sedlmentlng particles in the Norwegian Sea. Progresses in Ocmizogrn-,
phy, 24, 117-125.
Bauerfeind, E., v. Bodungen, B., Arndt, K. & Koeve, W.
1994. Particle flux, and com osition of sedimenting
matter in the Greenland Sea. ~ t i r n aofl Marinr Systmis,
5, 411-423.
Baumann, K.-H. 1990. Veranderlichkeit der Coccolithohoridenfauna des Euro aischen Nordmeeres im
ung uartar Bevicl~tenus giri Soi~de~orscht~ngsbereicl~
!13, 8niv. iiel, 22, 1-146.
Baumann, K.-H. & Matthiessen, J. 1992. Variations in surface water mass conditions in the Norwe ian Sea: Evidence from Holocene coccolith and dinoffagellate cyst
assemblages. Mnrine Micropnleontology, 20, 129-146.
v. Bodungen, B., Antia, A,, Bauerfeind, E., Haupt, O.,
Koeve, W., Machado, E., Peeken, I., Peinert, R., Reitmeier, S., Thomsen, C., Voss, M., Wu~sch,M., Zeller,
U. & Zeitzschel, 6. 1995. Pelagic processes and vertical
flux of particles: an overview of a long-term comparative study in the Norwegian and Greenland Sea. GPOlogische Rundschau, 84, 11-27.
Braarud, T. 1979. The tem erature range of the nonmotile stage of ~occoiitRtepeln icus in the North
Atlantic region. British Phycology $iirnal, 14, 349-352.
Braarud, T., Caarder, K.R. & Nordli, 0. 1958. Seasonal
changes in the phytoplankton at various points off the
Norwe ian west coast. Fiskeridirektorntets Skriftrr, Serie
~avrlnaersgkelser,X I I , 1-48.
Brand, L.E. 1982. Genetic variability and spatial patterns
of genetic differentiation in the reproductive rates of
the marine coccolithophores Eii~tlinnin hlixlryi and
Gepltyrocnpsa ocennicn. Lirnnology nrzd Ocenno~rnpliy,27,
236-245.
Brand, L.E. 1994. Ph siological ecology of marine cocccllithophores b:d n t e r , A. & Siesser, W.G. (eds.), Coccolitlrophores, 39-49, Cambridge University Press.
Burns, D.A. 1977. Phenotypes and dissolution morphotypes of the enus Gephyrocnpsn Kamptner and Elnilinnin huxleyi (fohrnann). NCiu Zenland's jorriznl of Gnrlogy and Geophysics, 20, 143-155

Dynamics of coccolithophore communities in the Norwegian-Greenland Sea

Crux, J.A. & Heck, S.E. van 1989. Nannofossils and their
lications. Proceedings
?&7,356, Ellis Horwood
Gaarder. K.R. & Markali. I. 1956. On the coccolithowhore
~rystbllolitlzrrslnyalinirs k.gen., n. sp.. Nytt ~ a g a A i for
n
Botnnikk, 5, 1-5.
Gaarder, K.R. & Heimdal, B.R. 1977. A revision of the
genus St mcosphnern Lohmalm (Coccolithineae).
Meteor" #orschsngs-~rgebnisse,D 24.54-71.
Gard, G. 1988. Late Quaternar calcareous nmofossil
biozonation, chronology a n d aleo-oceano aphy in
areas north of the Faeroe-Ice&d Ridge. ($aternnry
Science Reviezos, 7, 65-78.
Geitzenauer, K.R., Roche, M.B. & McIntyre, A. 1976.
Modern Pacific coccolith assemblages: derivation and
application to late Pleistocene aleotem erature analysis. i n : Cline, R.M. & Hays, ~ . 6(eds.),Rvesti
.
ation
of Late Quaternary Paleoceanography and ~ayeoclimatology, Geological Society of America Memoir, 145,
423-448.
Halldal, P. 1953. Phytoplankton investigations from Weather Ship M in the Norwegian Sea, 1948-49. Norske
Videnskab-Akademi i Oslo, Havt~nders0klser Skrifter,
38, 1-91.
Halldal, P. & Markali, J. 1954. Morphology and microstructure of coccoliths studied in the electron microscope. Observations on Anthosplznera rob~zstaand Calyptrosphaera papillifcrn. Nytt Magasin for Botanikk, 2, 117121.
Halldal, P. & Markali, J. 1955. Electron microsco e studies on coccolitho hores from the Norwegian &a, the
Gulf Stream a n x the Mediterranean. Avhandlin er
Utsirt nv det Norske Videnskah-Akndenii i Oslo, 1, 1 - 3 l
Heimdal, B.R. & Gaarder, K.R. 1980. Coccolithophores
from the northern part of the eastern Central Atlantic.
I. Holococcolithophores. ,,Meteor" Forsch~~ngs-Ergebnisse, D 32, 1-14.
Heimdal, B.R. & Gaarder, K.R. 1981. Coccolithophores
from the northern part of the eastern Central Atlantic.
11. Heterococcolithophores. ,,Meteorf' ForsclzungsErgebnisse, D 33,37-69.
Holligan, P.M., Viollier, M., Harbour, P., Camus, P. &
Cham ape-Philip e M 1983. Satellite and ship studies orcoccolithopEdre iroduction along a continental shelf edge. Nnture, 304,339-342.
Holligan, P.M., Fernandez, E., Aiken, J., Balch, W.M.,
Boyd, P., Burkill, P.H., Finch, M., Groom, S.B., Maslin,
M., Miiller, K., Purdie, D.A., Robinson, C., Trees, C.C.,
Turner, S.M. & van der Wal, P. 1993. A biogeochemical
study of the coccolithophore Emiliania luuxleyi in the
North Atlantic. Global Bzogeoclzeniical Cycles, 7,879-900.
Johamessen, O.M. 1986. Brief overview of the physical
oceanography. In: Hurdle, B.G. (ed.), The Nordic Seas,
103-127, Springer-Verlag, New York, Berlin, Heidelberg, Tokyo.
Jordan, R. & Kleijne, A. 1994. A classification system of
livin coccolithophores. In: Winter, A. & Siesser, W.G.
(eds. Coccolitlzophores, 83-105, Cambridge University
Press, Cambridge.
Klaveness, D. 1972. Coccolithlrs huxleyi (Lohmann)
Kamptner 11. The flagellate cell, aberrant cell types,
vegetative ropagation and life cycles. British Phycological roirrnnr 7,309-318.
Klejne, A. 1990. Distribution and malformation of extant
calcareous nalmoplankton in the Indonesian Seas.
Marine Micropnleontology, 16, 293-316.
Kle'ne, A. 1991. Holococcolithophores from the Indian
dcean, Red Sea, Mediterranean Sea and North Atlantic Ocean. Marine Micropnleontolo~y,17, 1-76.

B

237

Knappertsbusch, M. 1993. Syrncosphaera noriotic~rs sp.
nov., and S. marginaporata sp. nov., (Syracosphaeraesiophyta), new coccolithophores from
the Me iterranean Sea and North Atlantic Ocean.
ceaef
Io~rrnalof Micropalaeontolog~j,12, 71-76.
Knappertsbusch, M. & Brummer, G.-J. 1995. A sediment
trap investigation of sinking coccolithophores in the
North Atlantic. Deep-Sea Research, 42,1083-1109.
McIntyre, A. & Be, A.W.H. 1967. Modern coccolithophoreae of the Atlantic Ocean - I. Placoliths and Cyrtoliths. Deep-Sea Research, 14,561-597.
Nishida, S. 1979. Atlas of Pacific nannoplanktons. NCZLJS
of Osnkn Micropaleontologists, Special Paper, 3, 1-31.
Norris, R.E. 1984. Indian Ocean nannoplankton. I, Rhabdosphaeraceae (P mnesio hyceae) with a review of
extant taxa. lolirn&~iyco%gy, 20, 27-41.
Okada, H. & Honjo, S. 1973. The distribution of oceanic
coccolithophores in the Pacific. Deep-Sea Res'nrcl~, 20,
355-374.
Okada, H. & Honjo, S. 1975. Distribution of coccolithohores in marginal seas along the western Pacific
gcean and in the Red Sea. Mnrine Biology, 31,271-285.
Okada, H. & McIntyre, A. 1977. Modern coccolitho ho
res in the western North Atlantic Ocean. ~ i c r o p a k n :
tology, 23, 1-55.
Paasche, E. & Rom, A.-M. 1962. On the phytoplankton
vegetation of the Norwegian Sea in May 1958. Nytt
Magasin for Botanikk, 9, 33-60.
Probyn, T.A. 1993. The inorganic nitrogen nutrition of
the hytoplankton in the southern Ben uela
pro&ction, ph to lankton size and i m p ? i c a t i ~ ~ ~ ~
pelagic food wet. &utlz Afiican Joolzrnal of Marine Sciences, 12, 411-420.
Ramsfjell, E. 1960. Phytoplankton distribution in the
Norwe 'an Sea in June, 1952 and 1953. Fiskeridirektorntets ~ g ~ t eSerie
r , Hav~lndersakelser,X I I , 1-39.
Roth, P.H. & Coulborn, W.T. 1982. Floral and solution
patterns of coccoliths in surface sediments of the
North Pacific. Marine Microp~leontology,7, 1-52.
Sakshaug, E., Myklestad, S., Andresen, K., Hegseth, E.N.
& Jorgensen, L. 1981. Phytoplankton off the Mare
Coast in 1975-1979: distribution, species composition,
chemical composition and conditions for growth. In:
Saetre, R. & Mork, M. (eds.), The Noreoegian Coastnl
Czrrreizt, 681-711, University of Bergen, Geilo.
Samtleben, C. & Bickert, T. 1990. Coccoliths in sediment
traps from the Norwegian Sea. Mnriize Micropaleo~ztology, 16,39-64.
Samtleben, C. & Schroder, A. 1992. Living coccolithophore communities in the Norwegian-Greenland Sea
and their record in sediments. Marine Micropnleontolopj, 19, 333-354.
Samtleben, C., Baumam, K.-H. & Schriider-Ritzrau, A.
1995a. Distribution, composition and seasonal variation of coccolithophore communities in the northern
North Atlantic. In:J. A. Flores & F.J. Sierro (eds.), 5th
I N A Conference, Proceedings, 219-235.
Samtleben, C., Schafer, P., Andruleit, H., Baumam, A,,
Baumann, K.-H., Kohly, A., Matthiessen, J. & Schriider-Ritzrau, A.: 'Synpal' Working Group 199513.
Plankton in the Norwegian-Greenland Sea: from
living communities to sediment assemblages - an
actualistic approach. Geologische Rzlndschalr, 84, 108136.
Schei, B. 1975. Coccolithophorid distribution and ecology in coastal waters of North Norway. Nortoegian
Jotfrnal of Botnny, 22, 217-225.
Schneidermann, N. 1977. Selective dissolution of recent
coccoliths in the Atlantic Ocean. Iiz: Ramsay, A.T.S.

238

Baumann, Andruleit, Schroder-Ritzrau and Samtleben

(ed.), Ocenrric Micropnlmiztolog!j 2, 1009-1052, Academic Press.
Sm da, T.1. 1958. Phyto lankton studies a r o ~ ~ nJdn
d
I%~yen Island ~ a a l i - & r i l , 1955. Nytt Mopsir? b ~ r
Botnrukk, 6, 75-96.
Swift, J.H. 1986. The Arctic waters. 117:Hurdle, B.G. (ed):
Tllc Nordic Sms, 129-153, Springer-Verlag, New York,
Berlin, Heidelberg, Tokyo.
Ttiiede, J . & Hempel, G. 1991. The Expedition ARKTISV11/1 of RV ,,Polarstem" in 1990. Bcriclltt, zrlr lJolni$orsclirlna, 80, 1-136.
Westbroek, P., Young, J.R. & Linschooten, K. 1989. Coccolith product~on(biomineralization) in the marine

alga Enzilinr~inlrrlxleyi. ]orirv~nlof Protozoology, 36, 368373.
Wilbur, K.M. & Watabe, N. 1963. Ex erilnental studies
on caicifications in molluscs and tRe alga Coccoiiti~ire
li~lxlcyi.A~zrznlcsc$ the Nr;ill K~rkAcndriiii~Scio~ccs,
109,
82-112.
Young, J.R. 1994. Variation in Eiirilinrzin Iirlxl~!ji coccolitl~
morphology in samples from the Norwegian EtIUX
experime~it.Snrsin, 79, 417-425.
Young, J.R. & Westbroek, P. 1991. Genoty ic variation in
the cc)ccolithophore s ecies E~~lilirrio
Eilxhrji. Mniinll
Mirropnlcontiilo,yy, 18,(23.

Dvnarnics of coccoli thophore c o n ~ n ~ ~tics
l n iin the Nonv~gian-GreenlandSen

?3(~

+,

Mate 1. (Bar = Illn?) 1. Cr~r.c-17lilhrr.:
)lrln::~c~~c
( WaIl~cEl)5hill(,r, Stat Ion 42, Om;2. Crrt.:fallolrllr~~
Ir!/nlir~rrs(Cans~l~r.h1,lrkali and .St/~cr~*/llrllr'm
~ i l r ? ~ ; y r r ~ r r j ~ l l rK
r r~
l u~ a p p e r t s b i ~ Station
s c l ~ , 2 , 01n ; 7 Alx:rtl.;pfrrr~*rr~
mlltr5ln ( Lohmnntl) Nr jrris, Star11lrji
30. O m . 4 5 v r o t r ~ g l t r r r 9 Iwrrrll15
r~
I l A a d n & Mclntynb, Stiltit jn 3 1 . 1R1n;5 . O;~l1rr?~!rbr
Ir11rlmrtlt,u5[Luhmann) I .tdlmal~rr,St.).
titw 37, 401~1.[>. C ~ ~ - ~ O / ~M~ ~1 1~ifrs
~
? i/Gmrder
n~t I I ~ k R a ~ ~ ~<
~Iti[m
,)
~ i70,
~ 4l 0 l1 ~~1 .

