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Holo- and Heterococcolithophores (calcareous nannoplankton) in the gulf of
Korth.i (Andros island, Aegean Sea, Greece) during late summer 2001

Maria V. TRIANTAPHYLLOUl, Michael D. DERMITZAKISI & Margarita D.DIMIZAI

Abstract
Water samples were collected for coccolithophore analysis in August 2001, from 8 stations along a transect in the gulf of Korthi
(Andros Island, Aegean sea). Samples were collected from 0-I2Om water-depth to determine the spatial and vertical distribution of
individual holococcolithophore species in coastal environments. Holococcolithophore absolute abundances usually range between
7.29x103 and 0.06x103 cells/!. The distribution patterns indicate that holococcolithophores may constitute a significant part of the
summer flora in the upper photic zone of the coastal waters of Andros island, providing evidence of vertical distribution in the water-
column and showing affinities to shallower environments and rather normal nutrification conditions.
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Resume
Holo- et Heterococcolithophores (nannoplancton calcaire) du golfe de Korthi (lIe d' Andros, Mer Egee, Grece) durant I'ete
2001.- En aout 2001 des echantillons d'eau pour I'analyse de coccolithophores ant ete recoltes en 8 points Ie long d'une section du
golfe de Korthi (Ie d' Andros, mer Egee). Les echantillons ont ete collectes en mer entre 0 et 120m de profondeur pour determiner la
distribution biogeographigue (spatiale et verticale) d'especes particulieres d'holococcolithophorides dans leg environnements cotiers.
L'abondance absolue en holococcolithophores varie habituellement de 7.29xl03 a 0.06xl03 coquillesnitre. Les profils de distribution
resultants indiquent que leg holococcolithophores pourraient constituer line part significative de la flore estivale de la partie
superieure de la zone euphotique des eaux cotieres de l'lle d' Andros, fournissant des indications quant a l'existence d'une
distribution vertic ale dans la colonne d'eau, ce qui montre des similitudes avec des environnements moins profonds et des conditions
nutritionnelles plutot normales.

Mots-cles
Coccolithophores vivants, holococcolithophores, environnements cotiers, ecologie, mer Egee.

1. INTRODUCTION NIELSEN, 1985). The coccoliths can be divided into
two groups: the heterococcoliths, consisting of calcite
elements of differing size, shape and orientation and the
holococcoliths, which are constructed of calcite
microcrystals (crystallites) of uniform size. Coccolitho-
phores have a complex life cycle that involves the
sequential production of holo- and heterococcoliths.
This was first recognized in culture of Coccolithus
pelagicus (W ALLICH) - Crystallolithus hyalinus
(GAARDER & MARKALI) by PARKE & ADAMS
(1960). However the life cycles of the coccolitho-
phorids are poorly known, primarily because only a
limited number of species have been successfully
cultured and in most cases, phase changes occur only
sporadically and unpredictably. Associations of hetero-

Coccolithophores form a major component of the
marine nannoplankton and are one of the main open
ocean primary producers. They playa significant role in
the COz-Oz exchanges between the ocean and the

atmosphere, seriously affecting both the biological and
the carbonate pumps (SIKES et ai., 1994) and
producing an additional feedback to climate changes
(WESTBROEK et ai., 1993).
The coccoliths, which form a discontinuous shell
around the living single cell, constitute the single most
important component of deep-sea sediments and
provide highly significant information towards inter-
preting global change in the geological record (PERCH-
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is not simple and regular, but changes temporally and
seasonally. The complex circulation is due to many
factors, such as: the geographical distribution of the
various Aegean island chains; the irregular bottom
topography throughout the region; the inflow of the
cooler and lower salinity Black Sea waters; the riverine
outflows from the Greek and Turkish mainland; and the
seasonal changes in the meteorological conditions. The
surface water circulation is incorporated, in general, into
an anti-clockwise gyre system during winter. In
summer, water movement is essentially towards the
south (POULOS et ai., 1997) (Fig.1a). Water circulation
is controlled by prevailing wind conditions, the
thermohaline circulation patterns and their seasonal
variability. During the warm period (May-September),
the wind field is dominated by the presence of the
Etesian wind, blowing mainly fro,m the north, whilst
some south-southwesterly winds blow during spririg. In
the Cyclades islands, there is a >20% frequency of wind
speeds :?;6 Beaufort and >10% of :?;7 Beaufort, during
summer (METAXAS, 1973). The annual maximum Sea
Surface TempefJture (SST) values (>240) occur around
August; minimum values «13oC) are reached in winter.
Sea Surface Salinity (SSS) values vary seasonally,
ranging from less than 31.0psu to more than 39.0psu.

holococcolithophores on a single cell have been known
for a long time (e'-g. KAMPTNER, 1941), but it is only
recently that such associations are systematically
recognized -(e.g. LECAL-SClll..AUDER, 1961;
KLEIJNE, 1991;.CROSS et at. 2000; GEISEN et at.,
2000). CROSS et at. (2000) have suggested that
heterococcolith-holococcolith combinations must have a
common origin and that a consistent relationship of
coccolith type and life cycle stage is likely.
The main objective of the present study is to describe
-during a punctual (one day) sampling- the spatial
distribution and species composition of extant
holococcolithophores in a coastal environment (E.
Andros island, middle Aegean Sea) as a function of the
standing environmental conditions and the thickness of
the photic zone/existing sea bottom depth, attempting to
show their potential as environmental and consequently
paleoenvironmental proxies. Understanding the ecology
of these species is therefore of interest to biostratigraphy
and paleoceanography. This is the first time that extant
nannoplankton (holococcolithophores) is being
examined from the middle Aegean Sea marine
ecosystems.

1.1. Hydrography

The surface water circulation pattern of the Aegean Sea

Fig. Generalized current patterns in the Aegean sea, during the summer period (based on LACOMBE & TCHERNIA, 1972), (A).
Map of the study area (Andros Island) and location of the sampled stations (B).
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2. MATERIAL AND METHODS Fig. 2: Vertical relative abundance of heterococcolithophores
vs holococcolithophores at the sampled stations. Note
the different bottom depths corresponding to each
station.

Stations 1'3

minor proportions. The absolute abundance of the total
nannoplankton varied between 13.64x103 cells/l (Stn
T3-3,15m depth) and 1.92x103 cells/l (Stn T3-1, 120m
depth), whereas holococcolithophore assemblages
reaching sometimes more than 50% of the total standing
crop, varied between 7 .29x 1 03 cells/l (Stn T3-1-45) and
0.06x103 cells/l (T3-1-120), (Tab. I, lIb). The very low
coccolithophore cell densities and the absence of
holococco1ithophores at StnT3-6, 45m depth, may be
due to the fact that this sample was taken almost at the
seafloor level, at the certain point. The significantly
lower population at the Stn T3-1-120, may indicate the
negative correlation of coccolithophore densities with
depth (Fig.2), but may also reflect proximity to the sea

floor and influence of bottom currents.

Our results corraborate the findings of KLEIJNE (1991)
who collected surface water samples along an east -west
transect in the Mediterranean during the summer of
19&5. She showed that holococcolithophore percentages
reached 50-70% of the total coccolithophore count,
which in abundance was generally low «104/1).
Additionally HAIDAR & THIERSTEIN (2001)
measured the holococcolithophore cill densities off
Bermuda being less than 13x1Q3, encounterihg them
mostly in the upper photic zone. Fig. 2 reveals the
tendency to higher holococcolithophore abundances

towards shallower environments at 5m depth compared
to the most common heterococcolithophore species

Water samples for holococcolithophores analysis were
collected on the fIst August 2001, from S stations along
a transect towards the gulf of Korthi (E. Andros Island,
middle Aegean Sea) (Fig. la,b). The period of sampling,
summer, was chosen as in this time interval it was
expected for holococcolithophores to constitute a
significant part of the nannoflora (WINTER et at., 1979;
KLEIJNE, 1991). Water samples were collected from S
depths in the photic zone, comprised between 0 and
120m, using a single oceanographic Hydro-bios bottle.
Surface water samples were also collected at each
station by bucket. For each sampling depth, 1,51 of
seawater was filtered on Millipore cellulose nitrate
filters (45mm diameter, O,S~m pore size), using a
vacuum filtration system. The filters were open dried
and stored in plastic Petri dishes. A piece of each filter
approximately SxSmm2 was attached to a copper
scanning electron microscope stub using a double-sided
adhesive tape and coated with gold. The filters were
examined in a Jeol JSM 5600 scanning electron
microscope (SEM). The working magnification was
1200x throughout the counting procedure. Isolated
coccoliths were not considered in this study. The
absolute abundances of cell densities (cells/I) of the
holococcolithophores species were calculated following
the methodology of JORDAN & WINTER (2000), by
scaling up the raw counts from a known scanned area
A=N*S/V, where N is the number of cells of a species
on the whole piece of filter, S the scaling factor (area of
the whole filter/area of scanned filter piece), V the
volume of the water filtered (1) and A the absolute
abundance of the species in cells/I.
Identification and taxonomy of species follow that
outlined by KLEIJNE (1993), JORDAN & KLEUNE
(1994), WINTER & SIESSER (1994), AUBRY (1999)
and JORDAN et at. (2000).
For the statistical analysis of the data five main water
depth levels were selected (0, 5, 15, 45, 90m). It should
be mentioned that it was not possible to sample all the
above-mentioned levels at all the studied stations due to
existing sea bottom depth.

3. RESULTS

It must be noted that all the below mentioned results
reflect a punctual (one day) sampling observations.

3.1. Cell density and relative abundance changes of
coccolithophore communities

Coccolithophores were present in all the studied
samples. Diatoms and silicoflagellates were recorded in
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Table I: Location of depth profile samples, sampling depth and total standing stock of heterococcolithophores and
holococcolithophores.

Stations Longitude
Latitude

Water
depth (m)

Coccolithophores
(xlO3 cells/I)

Heterococcoliths Holococcoliths
(xlO3 cells/I) (xlO3 cells/I)

Holococcoliths/
Heterococcoliths

T3- 37o49'01 "
25000'31 "

0
5
15
45
90
120
0
5
15
45
90
0
5
15
45
90
0
5
15

.45
60
0
5
15
45
0
5
15
45
0
5
15
25
0
5
7

4,05
13,43
12,72
14,70
6,75
1,92
8,70
12,64
11,08
5,93
3,36
3,08
6,70
13,64
7,40
3,72
3,70
8,48
10,28
11,34
5,94
2,48
7,30
5,97
13,58
8,38
10,38
11,17
1,99
4,24
8,26
8,92
7,93
7,80
11,95
8.32

2,60
12,00
7,51
7,41
6,31
1,86
6,50
8,24
7,18
5,25
2,88
1,54
3,68
8,67
4,56
2,89
2,91
5,70
5,91
6,83
4,84
1,90
4,10
4,05
9,32
5,88
5,00
6,94
1,99
2,70
5,20
4,29
3,30
4,53
6,36
4,62

1,45
1,43
5,20
7,29
0,44
0,06
2,20
4,41
3,90
0,68
0,48
1,54
3,02
4,97
2,84
0,83
0,79
2,77
4,38
4,51
1,10
0,58
3,20
1,93
4,26
2,50
5,38
4,24

0,56
0,12
0,69
0,98
0,07
0,03
0,34
0,53
0,54
0,13
0,17
1,00
0,82
0,57
0,62
0,29
0,27
0,49
0,74
0,66
0,23
0,30
0,78
0,48
0,46
0,42
1,08
0,61

T3-2 37048'48"
25000'02"

T3-3 37°48'46"
24°59'58"

T3-4 37o48'28"
24°59'41 "

T3-5 37047'56"
24059'20"

T3-6 37047'24 "

24°58'45"

T3-7 37046'40"
24°57'44"

1,54
3,05
4,62
4,62
3,27
5,59
3,70

0,57
0,59
1,08
1,40
0,72
0,88
0,80

T3-8 37046'34"
24057'23"

(Emiliania huxleyi, Rhabdosphaera clavigera,
UmbeUosphaera tenuis) whereas at 15m holococcv-
lithophores seem to show a more or less stable
distribution pattern at all Stations. On the other hand the
holococcolithophore abundances at 5m are negatively
correlated t9 those at 45m. This is mainly caused by the
negative correlation between holococcolithophore
abundances and E. huxleyi at the same depths (Fig. 3).
Adittionally R. clavigera is mainly present at 5 and
15m, declining significantly towards 90m. On the

contrary U. tenuis increases from 45m and downwards,
and Syracosphaera spp. shows a more or less similar
distribution pattern at all depths.

3.2. Holococcolithophore species distribution in~the
water column

The enormous diversity of holococcolithophore species
reported by HEIMDAL & GAARDER (1980), NORRIS
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Table lib: Maximum, minimum and mean abundances of the main investigated species and groups.

median(%)
(Om)

median(%)
(Sm)

median(%)
(15m)

median(%) median(%)
(45m) (90m)species max(%) min(%)

E. huxleyi
R. clavigera
U. tenuis

Syracosphaera spp.
h 01 ococcoli th ophores
C. sphaeroidea
H. cornifera
S. quadridentata
C. oblonpa

49,56
39,74
31,48
15,62
58,33
10,71
21,37
31,11
15.48

9,26
0,00
0,00
0,00
3,12
0,00
0,00
0,00
0,00

23,75
33,33
0,00
7,41
35,71
2,56
8,64
8,97
1.28

19,06
28,46
0,00
6,72
41,03
2,62
8,26
16,16
3,36

25,97
24,67

9,85
5,19
37,93
1,69
8,62
13,91
3,23

19,46
13~71
14,42
g,87
38,39
0,00
11,35
2,68
4,46

37,78
3,57
10,71
8..93
14,29
0,00
2,22
0,00
1.79

(Fig.3, Table IIa). C. oblonga shows maximum
abundance at Stn T3- 7, whereas C. sphaeroidea is.
absent from Stn T3-5. The presence of Calicasphaera
concava, which KLEIJNE (1991) considered as a
species restricted to the North Atlantic ocean, is here
also documented (pl. III, Fig.4 sample T3-6, 15m depth)
in the Aegean Sea. At the depth of 45m, it was possible
to sample only the first 5 Stations. At this depth H.
comifera is the dominant species (maximum abundance
at Stn T3-1) and it frequently tends to decrease towards
the shallower environments. C. sphaeroidea is present
only at Stns T3-1 and T3-5, with very low frequencies.
Finally at the depth of 90m holococcolithophores are
present with very low frequencies (Fig.3). C.
sphaeroidea does not occur at this depth in our samples.
Since the120m level depth samples were examined only
at Stn T3-1, the floral assemblages are not illustrated.
However it must be noted that only one
holococcolithophore species -one specimen of H.
comifera- has been recorded.

(1985) and KLEIIJNE (1991) is also confirmed by the
present study for the middle Aegean Sea.
Holococcolithophore species composition has yielded
39 species in our samples. Sphaerocalyptra
quadridentata is the most predomihant form and is
followed by Helladosphaera cornifera and
Calyptrosphaera oblonga (Tab. lIa, Fig.3). Other
holococcolithophore species represented by more than
5% in the assemblages are Homozygosphaera
arethusae, Dactylethra pirus, Calyptrolithina divergens
f. tuberosa, Syracolithus confusus and Corisphaera
gracilis.
In the surface samples holococcolithophores (Fig.3)
show low cell densities «3.27xl03 cells/I), which
apparently increase towards shallower environments. H.
cornifera, S. quadridentata and C. sphaeroidea are the
best represented holococcolithophores at this level. The
vertical stratification at Stn T3-3 shows maximum of
holococcolithophore abundance at Om, which decreases
progressively revealing a negative peak at 45m,
possibly reflecting higher nutrient contents at the certain
level. At 5m depth, the species composition is ranging
between 5.59 xl03 cells/l (Stn T3-8) and 1.43xl03 cells/l
(Stn T3-1), with relatively low diversities which would
appear to increase again towards the shore (Fig.3, 4a).
The dominant species S. quadridentata tends to increase
towards shallower environments, showing maximum
abundance at Stn T3-8 and is followed by H. cornifera,
C. oblonga and to a lesser degree C. sphaeroidea.
Holococcolithophore assemblages at 15m depth show
increased number of species but the maximum diversity
is observed at 45m, possibly due to the occurrence of
the thermocline, (Fig.4a), (GUPTA et al., 1995). S.
quadridentata still remains a dominant feature of
holococcolithophore nannoflora, but H. cornifera
increases sigrificantly, except at Stn T3-5, where the
whole holococcolithophore assemblage is generally low

4. DISCUSSION

4.1. Environmental control on holococcolithophore
assemblages

In our samples holococcolithophores are more abundant
than (Fig.3), E. huxleyi, except of Stn 2 and the depth
level 90m. Fig.4b shows clearly the decreasing tendency.
of E.huxleyi vs holococcolithophores towards the shore,
but it reveals also that at Stn 2, where E.huxleyi is
flourishing, holococcolithophores show lo.v.; diversities,
allowing us to speculate a 'peculiar comparison.
JORDAN & WINTER, 2000 indicjlted that in the
summer, when turbulence is perhaps negligible (similar
to the sampling conditions in the present study),
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not have an obviously dinstictive biogeography, but
tends to be more important in intermediate
environments than in the extreme eutrophic or
oligotrophic conditions, showing a tendency towards
weak K-selection (efficiency maximizing). Apparently
the dominance of this group in our samples indicates
normal nutrification conditions.
One striking feature in our assemblages is the vertical
distribution of holococcolithophores as also observed by
CROSS (2001) which must playa significant role for
the interpretation of their relation to environmental
parametres. Fig.3 reveals the preference of
Sphaerocalyptra quadridentata and Calyptrosphaera
sphaeroidea in the higher parts of the water column (0-
15m depth), whereas Helladosphaera comifera and
Calyptrosphaera oblonga seem to prefer the ecological
niche around 45 m. Additionally Poricalyptra aurisinae,
Calyptrolithophora pappilifera and Syracolithus
cattiliferus would seem to prefer water depths greater
than 45m (Table II). Dactylethra pirus and Syracolithus
quadriperforatus seem to be deeper-water dwellers,
but they are alsg found in the higher parts of the water
column, as the sea bottom depth decreases, indicating
possibly the negative influence of sea-bottom currents
which may affect the nutrient content in the water
column.

assemblages are generally dominated by non-
interlocking taxa including holococcolithophores. Once
surface waters become unstratified even for a short
time, placolith-bearing species (including E. huxleyi)
return to dominmce, as their success in coastal areas
may be due to their ability to withstand the effects of
small scale turbulence through the interlocking nature of
their coccoliths (THOMAS et al., 1997).
At 90m E. huxleyi becomes dominant as an evidence of
sinking, possibly due to the nature and levels of the
nitrogen supply (OKADA & MCINTYRE, 1979). The
presence of malformed specimens was noted mainly in
the surface waters (Pl. V, fig.6) and possibly indicates
low nutrient contents at this level. YOUNG &
WESTBROEK (1991) have also suggested that the
shortage of trace nutrients is responsible for
malformation in cultured specimens of E. huxleyi,
reinforcing KLEIJNE's (1990) hypothesis that nitrogen
deficiency along with low sea-surface salinity is the
causative mechanism for malformation in coccoliths.
On the other hand GIRAUDEAU et al. (1993) have
questioned the nutrient deficiency as the main cause of
malformation and GUPTA et al. (1995), who observed
malformed specimens of E. huxleyi in the Arabian Sea
could not test any of the proposed models due to the
lack of nutrient data.
HAIDAR & THIERSTEIN (2001) found moderate to
low correlations between cell densities and
environmental parameters in the upper photic zone of
the N.Atlantic ocean, but they demonstrated that
holococcolithophore concentration increase in
abundance at lower nitrate concentrations, higher
temperatures and light intensities, while E. huxleyi
remained relatively low when only phosphate increased
in the upper photic zone. Additionally KLEIJNE (1991)
found no significant correlation of holococcoliths
distribution with temperature, salinity and density and
time of the day, but holococcolithophores seemed to
occur especially under low nutrient (oligotrophic)
conditions. YOUNG (1994) included holococcolith
bearing species in the "miscellaneous" group of species
along with Syracosphaeraceae, Helicosphaeraceae,
Rhabdosphaeraceae and Pontosphaeraceae, which does

5. CONCLUSIONS

This study on the distribution of holoco- and
heteroccolithophorid species in Andros summer coastal
waters reveals quite diverse assemblages even in
nearshore environments, providing the following
results.
1. Holococcolithophorid assemblages in the sampled

Stns reach sometimes more than 50% of the total
standing crop, tending to be dominant in shallowing
environments, especially at the depth level of 5m.

2. Just as heterococcolith species, holococcoli-
thophorids show a vertical stratification in the photic
zone. Sphaerocalyptra quadridentata and Calyptro-
sphaera sphaeroidea were more abundant in the
higher parts of the water column, whereas

Plate II

Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. 5
Fig. 6

Calyptrolithina divergens f. tuberosa, sample T3-2-15m.
Zygosphaera hellenica, sample T3-5-15m.
Dactylethra pirus, sample T3-5-45m.
Calyptrolithina multipora, sample T3-1-45m.
Anthosphaera lafourcadii, sample T3-5-15m.
Periohvlloohora mirabilis. samole T3-2-90m.
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Calicasphaera blokii, sample T3-8-15m.
Anthosphaera periperforata, sample T3-5-45m.
Poricalyptra issei/ii, sample T3- 7 -5m.
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Fig
Fig
Fig
Fig
Fig
Fig

Poricalyptra gaarderae, sample T3-5-45m.
Sphaerocalyptra aff. sp. 2, sample T3-4-5m.
Calyptrosphaera dentata, sample T3-8-5m.
Calyptrolithophora papillifera, sample T3-4-45m.
Calyptrolithina wettsteinii, sample T3-3-45m.
Gliscolithus amitakarenae, sample T3- 7-25m.
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Plate V
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Syracolithus catilliferus, sample T3-1-45m.
Homozygosphaera triarcha, sample T3-2-5m.
Syracolithus confusus, sample T3- 7 -Om.
Syracolithus quadripeiforatus,sample T3-6-5m.
Syracolithus ponticuliferus, sample T3-2-45m.
Emiliania huxleyi, sample T3-8-0m.
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