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A note on calcareous nannoplankton from

the Kieler Forde (Baltic Sea)

K. J. Sebastian Meier, Hanno Kinkel, Jeremy Young

Abstract: One of the first records of coccolithophore distribution in plankton samples comes from the Kieler Forde
and dates back to the work of Hans Lohmann from the early 20th century. Lohmann reported Emiliania huxleyi as the
only coccolithophore species from the Kieler Forde. We studied the modern coccolithophore community in surface
water samples taken in the years 2009 to 2013 directly from one of the piers in the inner part of the Kieler Férde and
from a short cruise into the outer Kieler Forde. Apart from the dominant species E. huxleyi, we document Algiros-
phaera robusta, Acanthoica quattrospina (both hetero- and holococcolith phase), Syracosphaera borealis, Alisphaera
extenta, and Hymenomonas sp. Additionally, we describe Pileolosphaera longistripes gen et sp. nov., a new calcareous
nannoplankton species of unknown taxonomic affinity with a neritic distribution.
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Introduction

The Kieler Forde is a small and shallow inlet of the Baltic
Sea on the eastern part of the federal state of Schleswig-
Holstein (Northern Germany, see Fig. 1). The city of Kiel
is located at the end of the inlet and was the base of the
biologists Victor Hensen (1835-1924) and Hans Lohmann
(1863-1934), who were pioneers in biological oceanogra-
phy and introduced the terms plankton and nannoplank-
ton, respectively. Lohmann, who had described a series of
coccolithophore species from different parts of the worlds
oceans (Lohmann, 1902), carried out plankton monitor-

Figure 1: Sampling locations in the Kieler Forde. Red circles indicate the sampling points from this study. Green
circle indicates the approximate sampling position from the study of Lohmann (1908). Map data from open-
streetmap.org. Inset: Map of the Baltic Sea with sub-basins. SK = Skagerrak, KB = Kattegat and Belt Sea, AB
= Arkona Basin, SB = Southern Baltic Proper, CB = Central Baltic Proper, NB = Northern Baltic Proper, GF =

ing at the exit of the Kieler Forde in 1905/06 and reported
Emiliania huxleyi as the only coccolithophore species,
occurring between late August and early November
(Lohmann, 1908). In particular, Lohmann was the first
scientist who developed quantitative measures to study
plankton. A century later, Wasmund et al. (2008) con-
ducted a plankton review in the Kiel Bight, just outside
the Kieler Forde, and confirmed that Emiliania huxleyi is
an important constituent of the phytoplankton in this area.
This study also mentions other coccolithophores, unfor-
tunately without giving taxonomic details or indicating
the temporal distribution.
There are also records in
different plankton check-
lists from the Baltic Sea
(Héllfors, 2004; Pankow,
1990), that report a se-
ries of other coccolitho-
phore species, most of
which were found in the
Kattegat and Belt Sea
at the exit of the Baltic
Sea towards the North
Sea (see Table 1). Coc-
colithophores are a com-
mon constituent of the
North Sea phytoplankton
community (Charalam-
popoulou et al., 2011),
and blooms of Emiliania
huxleyi have occurred in
the Skagerrak region at
the border between the
North Sea and the Baltic
Sea (Berge, 1962; Siegel
and Gerth, 2000; van der
Wal et al., 1995). The
very sporadic occurrence
of coccolithophores in
the Baltic Sea proper
has spurred the idea, that
undersaturation with re-
spect to CaCO, during

Gulf of Finland, BS = Bothnian Sea, BB = Bothnian Bay. Map data from Ocean Data View.
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Species

Distribution

Acanthoica quattrospina
Lohmann, 1903

Kattegat and Belt Sea, Kieler Forde

Pankow 1990, Hillfors 2004, this
study

Kleijne et al., 2002

Acanthoica quattrospina HOL Kieler Forde this study
Lohmann, 1903

Algirosphaera robusta Kieler Forde this study
(Lohmann 1902) Norris, 1984

Alisphaera extenta Kieler Forde this study

Balaniger balticus
Thomsen & Oates 1978

Kattegat and Belt Sea, Gulf of Fin-
land, Bothnian Bay

Pankow 1990, Hillfors 2004

(Lohmann 1902) Gaarder, in
Gaarder & Heimdal, 1977

Braarudosphaera bigelowii (Gran & | Kattegat and Belt Sea Hillfors 2004
Braarud 1935) Deflandre, 1947
Calciopappus caudatus Kattegat and Belt Sea Pankow 1990, Héllfors 2004
Gaarder & Ramsfjell, 1954
Calyptrosphaera sp. Lohmann, 1902 | Kattegat and Belt Sea Hillfors 2004
Coccolithus pelagicus Arkona Basin, Southern Baltic Hillfors 2004
(Wallich 1877) Schiller, 1930 proper, Central Baltic proper, North-
ern Baltic proper, Gulf of Finland,
Bothnian Sea, Bothnian Bay
Coronosphaera mediterranea Kattegat and Belt Sea Hallfors 2004

Discosphaera tubifera (Murray &
Blackman 1898) Ostenfeld, 1900

Gdansk Bay (once), ? Southern
Baltic proper

Pankow 1990, Hillfors 2004

Emiliania huxleyi (Lohmann 1902)
Hay & Mohler, in Hay et al. 1967

Kattegat and Belt Sea, Kiel Bight,
Kieler Forde

Pankow 1990, Lohmann 1908,
Hillfors 2004, Wasmund et al. 2008,
this study

Hymenomonas roseola Stein, 1878

Gulf of Finland

Pankow 1990

Hymenomonas sp.

Kieler Forde

this study

Pappomonas flabellifera
Manton & Oates, 1975

Kattegat and Belt Sea

Pankow 1990, Hillfors 2004

Pappomonas virgulosa
Manton & Sutherland, 1975

Kattegat and Belt Sea, Gulf of
Finland

Pankow 1990, Hillfors 2004

Papposphaera arctica (Manton et al. | Kattegat and Belt Sea Hillfors 2004
1976) Thomsen et al., 1991
Papposphaera lepida Tangen, 1972 | Kattegat and Belt Sea Pankow 1990, Hillfors 2004

Pleurochrysis carterae (Braarud &
Fagerland 1946) Christensen, 1978

Kattegat and Belt Sea, Arkona Ba-
sin, Gulf of Finland

Pankow 1990, Hillfors 2004

Syracosphaera borealis
Okada & Mclntyre, 1977

Kieler Forde

this study

Trigonaspis minutissima
Thomsen 1980

Kattegat an Belt Sea

Pankow 1990

Thomsen, 1980

Trigonapsis diskoensis Kattegat and Belt Sea Hillfors 2004
Thomsen 1980

Wigwamma arctica Kattegat and Belt Sea Hillfors 2004
Manton et al., 1977

Wigwamma scenozonion Kattegat and Belt Sea Hillfors 2004

Table 1: List of coccolithophore species reported from the Baltic Sea. See Fig. 1 for regions.
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winter may inhibit the survival of coccolithophores in the
Baltic Sea proper (Tyrrell et al., 2008). This would imply,
that the presence of coccolithophores in the Baltic Sea
would mainly result from the inflow of North Sea water
from the Skagerrak region. Here, we report observations
on the coccolithophore community in the Kieler Forde
from the years 2009 to 2013, which show that the domi-
nant species Emiliania huxleyi is accompanied by a series
of other coccolithophores, three of which are new records
from the Baltic Sea. Additionally, we describe the new
calcareous nannoplankton species Pileolosphaera longis-
tripes gen. et sp. nov., which is also found in the North
Sea, Irish Sea and the NW Pacific.

Material and Methods

Water samples were taken with a bucket from the Bellev-
ue ferry pier (see Fig. 1) starting in spring 2009 in order
to determine when coccolithophores appear in the plank-
ton. Additionally, a short cruise with the RV Polarfuchs
was undertaken during a high abundance of coccolitho-
phores on 11 September 2009 for sampling the outer part
of the Kieler Forde. Sampling was continued in 2010 to
2013, in intervals between 5 days to two weeks depend-
ing on cell numbers from August 2012. The water was
filtered through a 0.4 ym polycarbonate filter with a vac-
uum pump. The filter was dried at 50°C in the oven over
night. A small piece of the filter was mounted with carbon
conductive tabs on a stub and sputter coated. Filters were
investigated with a CamScan CS 44 scanning electron mi-
croscope equipped with an EDX.

Results and Discussion

In total six coccolithophore species were found in the
samples. Emiliania huxleyi is by far the most abundant
species. Only E. huxleyi Type A cells were found so far
(P1. 1, figs. 1-6). Acanthoica quattrospina has been found
in the Kattegat and Belt Sea before, but only the hetero-
coccolith phase. Our report from the Kieler Forde includes
also the holococcolith phase (P1. 2, figs. 1-4). Combina-
tion coccospheres are missing, but both phases occurred
in the same samples. This may indicate that the species
underwent a phase change in the Kieler Forde. The trig-
gers for heterococcolith/holococcolith phase changes in
coccolithophores are not well understood (see e.g. Frada
et al.,2008), but may be a reaction to environmental con-
ditions (Houdan et al., 2006). However, it is not unusual
to find both phases of the same species in one sample
(Cros and Fortuno, 2002; Cros et al., 2000; Geisen et al.,
2002), and therefore this is not an indication for unfavour-
able growth conditions.

Algirosphaera robusta (P1.2,1igs. 5-6), Syracosphaera
borealis (Pl. 3, figs. 1-5) and Alisphaera extenta (Pl. 4,
fig. 5) are all first records from the Baltic Sea, but they
are well known from the North Sea (Charalampopoulou
et al., 2011). A. robusta was always found in relatively
low numbers. Lohmann (1903) originally described this
species, and it seems unlikely that it has been overlooked
by him during his sampling in 1905/06. Therefore it is
possibly not a permanent constituent of the Kieler Forde

coccolithophore assemblage. Furthermore, a single speci-
men of Hymenomonas sp. was discovered in April 2013
(PL. 3, fig. 5).

Many lightly calcifying coccolithophore species have
been reported from the Baltic Sea (Hillfors, 2004; Pan-
kow, 1990; Thomsen and Oates, 1978), but were not
found during our sampling. This may be due to the fragil-
ity of the cells and the liths, which can be easily destroyed
during filtering. We frequently found clusters of small
hoop-like structures formed by tiny crystallites that may
have been part of a calcifying cell (P1. 4, fig. 6). However,
they show no resemblance to any known coccolithophore
species.

In summary, the coccolithophore community from the
Kieler Forde is composed of species that are also found
in the North Sea. However, the species diversity is con-
siderably lower in the Kieler Forde, with only 6 species
compared to 28 species that have been reported from the
central and northern North Sea (Charalampopoulou er
al., 2011). While irradiance and pH control coccolitho-
phore community composition in the North Sea (Chara-
lampopoulou et al., 2011), the reduced coccolithophore
diversity in the Kieler Forde could be due to the low salin-
ity and/or low wintertime calcite saturation, as suggested
before (Tyrrell et al., 2008). Over the course of the year,
the salinity may vary between approximately 10 and 25
psu (see http://www.bsh.de/en/Marine_data/Observa-
tions/MARNET_monitoring_network/Stationen/kiel.jsp
for current and historical environmental data from the
Kiel Lighthouse at the exit of the Kieler Forde), depend-
ing whether inflowing normal saline North Sea water or
brackish Baltic Sea water dominates the water masses in
the Kieler Forde. Salinity lies around 18 psu in Septem-
ber, when coccolithophores usually reach their highest
abundance. The inflow of North Sea water via the Skager-
rak, where the mixing of North Sea and Baltic Sea waters
leads to blooms of E. huxleyi is a probable source for coc-
colithophores entering the Baltic Sea. Tyrrell et al. (2008)
argued that the presence of coccolithophores in the Kat-
tegat, Belt Sea and the Kiel Bight is due to inflow from the
North Sea, and that they are not able to thrive in the Baltic
proper due to low wintertime CaCO, saturation. Cocco-
lithophore cells appeared between July and September
and were present until October to January in the Kieler
Forde, with highest abundance usually occurring in late
September. Their appearance during summer is therefore
unlikely to be triggered by storms that push North Sea
water into the Baltic Sea. Individual coccoliths of E. hux-
leyi were also found occasionally during the rest of the
year, indicating a very low concentration of cells present
in the Kieler Forde during winter and spring. Cells of all
species in the Kieler Forde were well calcified and show
no indication of malformation. This indicates that they are
not negatively affected by the low salinity in the Kieler
Forde or by adverse carbonate chemistry conditions. Eco-
types of E. huxleyi adapted to low salinities have been re-
ported from coastal scandinavian waters before (Paasche
et al., 1996), and the coccolithophore species from Kieler
Forde community probably underwent a similar adapta-
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Plate 1

Emiliania huxleyi, 1-2) from sample W6, 11 Sep 2009; 3-6) from sample Bellevue 30 Oct 2012.
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Plate 2

1-2) Acanthoica quattrospina HET, from sample W1 11 Sep 2009; 3-4) Acanthoica quattrospina HOL,
from samples W6 and W8, 11 Sep 2009; 5-6) Algirosphaera robusta, from sample W3, 11 Sep 2009.

Algirosphaera robusta Algirosphaera robusta
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Plate 3

1-5) Syracosphaera borealis, 1) from sample Bellevue 12 Oct 2012, 2, 5) from sample Bellevue 30 Oct 2012, 3-4)
from sample Bellevue 22 Oct 2012; 6) Hymenomonas sp., from sample Bellevue 18 Apr 2013.
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Plate 4

1-4) Pileolosphaera longistirpes gen. et sp. nov., 1) from sample Bellevue 19 Nov 2012, 2) from sample W3 11 Sep
2009, 3-4) from sample W6 11 Sep 2009; 5) Alisphaera extenta, from sample Bellevue 26 Nov 2012; 6) Possible
remains of lightly calcifying cells, from sample Bellevue 14 Aug 2013.
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Plate 5

Light micrographs of Pileolosphaera longistirpes gen. et sp. nov. Four specimens
illustrated in cross-polarised light (top row) and with a 1-lambda gypsum plate
(bottom row). All specimens at the same scale and all from the North Sea, cruise
D-366, sample U-222 collected 29-June-2011, 57.4°N 4.8°E, 13.8°C, 34.8psu.

tion. Therefore coccolithophores probably are a perma-
nent constituent of the phytoplankton community in the
Kieler Forde.

Taxonomy
Incertae Sedis
Pileolosphaera gen. nov.
Type species: Pileolosphaera longistirpes gen. et sp. nov.
Derivation of name: After the papal skullcap named
‘pileolus’ in Latin. Diagnosis: see below.

Pileolosphaera longistirpes gen. et sp. nov.
Pl. 4, figs 1-4. Derivation of name: From the Latin ‘lon-
gus’ for long and ‘stirpes’ for stem, which is also the name
for the cord in the centre of the papal skullcap, referring
to the central process on the lith resembling the stirpes but
being considerably longer. Diagnosis: Cell covered with
six calcareous liths. Liths trilobate with sub-hexagonal
outline, composed of three petal-like elements that join
in a central process. Sutures between the elements may
be marked by a groove or a ridge. Element surface curved
with no obvious crystal faces visible. Process triradiate,
formed by three slightly twisted blade-like extensions
from the elements. Dimensions: cell diameter = 3.7 to 4.5
pm; lith diameter = 3 to 3.8 ym; spine length =1 to 1.9
um. Holotype: Pl. 4, fig. 4 (cell diameter = 3.9 ym; lith
diameter = 3.2 ym; spine length = 1.5 ym) Paratype: PI.
4, fig. 3 (cell diameter = 3.7 um; lith diameter = 3 um,;
spine length = 1.5 ym). Type locality: Kieler Forde. Type
level: Recent (plankton). Occurrence: SW Baltic Sea
(this work), North Sea (multiple specimens observed by
JRY, cruise D366, west of the Skagerrak), Irish Sea (one
specimen observed by JRY, Cruise D366), NW Pacific
off Japan (one specimen documented by Tanimoto et al.
1999, cruise KH99-3, sample NP38), Japan Sea, Okhotsk
Sea (pers. comm. R. Jordan). Additional observations:
P. longistirpes was first documented in plankton samples

from the NW Pacific (Tani-
moto et al.,2003) (P1. 3, fig.
1), but at that time identified
as Parmales indet. We have
run an EDX analysis on the
cells and were able to show
that calcium is the main
component of the liths. Fur-
thermore, in the light micro-
scope with cross-polarised
light illumination the liths
show the high birefringence
colors characteristic of cal-
cite (P1. 5, fig. 1-4). When
coccospheres are observed
in the light microscope
three or four slightly over-
lapping individual liths are
seen in cross-section. They
behave as single calcite
crystals showing high bire-
fringence in this orientation
and very low birefringence when seen in plan view. With
the gypsum plate it can be seen that the calcite c-axes are
oriented radially on the coccosphere, i.e. the individual
liths are composed of crystals the c-axes of which are ori-
ented perpendicular to the plane of the lith, V-units (pl. 5,
figs. 5-8). The spheres observed in the light microscope
did not contain obvious cells, chloroplasts or intracellular
liths, so they may have been dead when collected.
Remarks: The NW Pacific record of P. longistirpes is
the only open oceanic occurrence. There are unpublished
records of the species from the Japan Sea and Okhotsk
Sea, and the NW Pacific specimen may originate from
there (R. Jordan, pers. comm.). From the known occur-
rence records it is apparent that this species has a neritic
distribution with nearly all records being from shelf seas.
It thus adds to the limited number of known neritic spe-
cies of calcareous nannoplankton. It may even be adapted
to low salinity, as the records from the brackish Baltic Sea
and Sea of Okhotsk and the adjacent areas with slightly
reduced salinity (North Sea, Sea of Japan, NW Pacific)
show. The affinities of the species are not certain, it resem-
bles a coccolithophore in having a composite exoskeleton
formed of calcareous plates with fixed crystallographic
orientation. However, the observed crystallography with
the liths entirely formed of V-units is not shown by any
previously known extant heterococcolith. The morphol-
ogy with curved plates without visible calcite faces is
unusual for heterococcoliths. Likewise there is no divi-
sion of the lith into rim and central area suggesting that it
was not formed by growth from a protococcolith ring. So,
although it shares important basic haptophyte characters,
it might not fall within the coccolithophore clade and it
might not even be a haptophyte. Intriguingly it does show
similarities to some extinct nannofossils and especially to
Discoaster. Discoasters are disc-like fossils with simple
radial symmetry and formed of V-units. Pileolosphaera
does not show free-rays like most discoasters, is neritic

10 microns
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rather than planktonic, and is smaller and has less rays
than almost all known discoaster species. Nonetheless it is
similar in particular to Discoaster triradiatus, which was
one of the last two discoaster species when the genus dis-
appeared from the fossil record at the start of the Quater-
nary. Clearly, it would be an interesting species to attempt
to culture and/or obtain DNA from.
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