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1. Introduction
The Aegean Sea has been described as one of the most 
oligotrophic areas of the eastern Mediterranean, charac-
terized by low biological production (e.g., Ignatiades, 
1998; Psarra et al., 2000). However, an established N-S 
trophic gradient exists from mesotrophic to ultra-oligo-
trophic regions. The northern Aegean Sea is relatively 
PHVRWURSKLF�� EHLQJ� LQÁXHQFHG� E\� IUHVKZDWHU� GLVFKDUJHV�
from rivers and seasonally varying input of Black Sea 
surface water through the Dardanelles Straits (Ignati-
ades et al., 2002; Zervoudaki et al., 2011; Lagaria et al., 
2013). Additional areas such as the coastal Saronikos and 
Evoikos gulfs and the open-ocean Rhodes cyclonic gyre 
display similar trophic features. In contrast, the “typical 
oceanic margin” of South Aegean Sea is an oligotrophic 
to ultra-oligotrophic environment, with very low export 
rates of organic carbon and organic-poor sediments (e.g., 
Gogou et al., 2000; Lykousis et al., 2002). In the northern 
Aegean Sea, diatoms are the most abundant components 
of the phytoplankton (Lykousis et al., 2002), whereas in 
the south Aegean Sea, coccolithophores are one of the 

major primary producers (Ignatiades et al. 2002; Trian-
taphyllou et al. 2004). Emiliania huxleyi dominates the 
winter coccolithophore assemblages, followed in summer 
by holococcolithophores and Rhabdosphaeraceae and 
Syracosphaera spp. (Dimiza et al., 2008 a,b). 

Despite the oligotrophic nature of the South Aegean 
Sea, eutrophication problems, indicated by elevated 
nutrient data, have been recognized locally in a number of 
coastal areas as a result of increased anthropogenic activi-
ties (e.g., Sklivagou et al., 2008; Pavlidou, 2012; Kapsi-
malis et al., 2014). One of the most impacted coastal areas 
of Greece is the shallow semi-closed Elefsis Bay, located 
at the northern edge of the Saronikos Gulf (Fig. 1). The 
present study describes late-winter coccolithophore abun-
dances and species composition in the restricted envi-
ronment of Elefsis Bay, highlighting the opportunistic 
behavior of Helicosphaera carteri in neritic environments 
with elevated pollutant inputs.

2. Materials and methods
Two water samples (5 and 20 m water depth) were collected 
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Figure 1. Bathymetric map of the study area and location of the sta-
tions sampled for coccolithophore analysis, $. Elefsis Bay, B. off-shore 
Aegean environments.
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from station S2 in Elefsis Bay (38o00.00’, 23o27.24’; 
Fig. 1A), during the R/V AEGAEO cruise (February 
2012, FP7 Perseus Project). The Elefsis assemblages are 
compared with winter and early spring coccolithophore 
assemblages from several water samples in different envi-
ronments, collected at depths between 0 and 30 m (Table 
1). The data set comes from 10 stations (Fig. 1B) in the 
North Aegean (M1-4: Athos basin), central Aegean (T1: 
Andros Island - 5 stations), and South Aegean Sea (HAS: 
Antikythira straits).

For each sampling depth, 2 liters of seawater were 
ÀOWHUHG�RQ�:KDWPDQ�FHOOXORVH�QLWUDWH�ÀOWHUV�����PP�GLDP-
HWHU�������PP�SRUH�VL]H���XVLQJ�D�YDFXXP�ÀOWUDWLRQ�V\VWHP��
6DOW�ZDV�UHPRYHG�E\�ZDVKLQJ�WKH�ÀOWHUV�ZLWK�DERXW���PO�
RI�PLQHUDO�ZDWHU��7KH�ÀOWHUV�ZHUH�RSHQ�GULHG�DQG�VWRUHG�LQ�
SODVWLF�3HWUL�GLVKHV��$�SLHFH�RI�HDFK�ÀOWHU�DSSUR[LPDWHO\�
8x8 mm2 was attached to a copper electron microscope 
stub using a double-sided adhesive tape and coated with 
JROG��7KH�ÀOWHU�ZDV�WKHQ�H[DPLQHG�ZLWK�D�-HRO�-60������

Station sampling period Water depth
(m)

S2 February 2012 5, 20
M1 January 2011 3, 20
M2 January 2011 3, 20
M3 January 2011 2, 20

M4 (AMT7) January 2011 2, 10, 20
T1-3 March 2002 5, 15
T1-4 March 2002 5, 15
T1-5 March 2002 5, 10
T1-6 March 2002 5, 10
T1-8 March 2002 0, 5
HAS    February 2012 5, 30

Table 1. Sampling period and water depth from each sampled station.

Station
Water
depth
(m)

Total  
cocco-
sphere 
density
(x 103 

cells/l)

Emiliania 
huxleyi
(x 102 

cells/l)

Heli-
cosphaera 

carteri
(x 102 

cells/l)

Syra-
cosphaera 

spp.
(x 102 

cells/l)

Rhab-
dosphaer-

aceae
(x 102 

cells/l)

Gephy-
rocapsa 
oceanica

(x 102 

cells/l)

Holococ-
colitho-
phores
(x 102 

cells/l)

other  
species
(x 102 

cells/l)

species 
diversity 

(S)

Shannon- 
Wiener 

index (H)

semi closed Elefsis Bay

S2 5 4.6 17 27.5 1.9 3 0.81

20 5.1 20 27.9 0.5 2.9 4 0.90

off-shore marine environments of the Aegean Sea

M1 3 29.5 270 16.1 9.0 0.6 16 0.50

20 22.0 200 13.5 5.1 0.6 0.6 11 0.48

M2 3 19.3 161 14.1 9.6 2.6 6.4 15 0.69

20 25.9 228 19.3 8.3 3.2 18 0.63

M3 2 33.7 331 33.3 1.7 1.3 0.5 22 0.76

20 34.9 298 37.9 7.7 2.6 2.6 18 0.68

M4 2 27.7 249 20.5 5.8 0.6 0.6 17 0.53

10 37.5 354 8.3 10.9 0.6 0.6 14 0.34

20 33.9 318 15.4 3.2 1.9 13 0.37

T1-3 5 35.3 326 0.6 17.3 2.6 1.3 4.5 12 0.39

15 19.8 191 1.9 0.6 0.6 4.5 7 0.22

T1-4 5 27.9 270 5.8 0.6 0.6 0.0 2.6 8 0.20

15 25.8 244 9.0 1.9 1.3 0.0 1.3 9 0.30

T1-5 5 13.7 132 3.2 0.6 0.0 1.3 8 0.23

10 27.6 265 7.1 1.3 2.6 8 0.23

T1-6 5 20.2 193 7.7 0.6 0.6 7 0.25

10 21.8 213 0.6 0.6 0.6 0.6 1.9 8 0.14

T1-8 0 9.2 87 0.6 1.9 0.6 0.6 1.9 8 0.35

5 11.4 105 7.7 0.6 0.6 7 0.40

HAS 5 18.4 132 2.6 13.5 14.8 3.8 17.3 26 1.42

30 19.6 155 24.4 7.1 3.8 26.1 24 1.07

Table 2. Total coccolithophore density, species diversity, Shannon–Wiener index and abundance of the most common coccolithophore taxa. 
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Scanning Electron Microscope (University of Athens, 
Department of Historical Geology and Palaeontology). 
Coccolithophore densities (coccospheres/l) were calcu-
lated following the methodology of Jordan and Winter 
(2000). 

Species diversity (S) and Shannon Shannon–Wiener 
diversity index (H) were calculated using the Past soft-
ware package vers. 1.23 (Hammer et al. 2001). Species 
diversity is the total number of species observed in each 
sample, while the Shannon–Wiener index is a measure 
of diversity that have in consideration also the amount of 
cells.

3 Results 

3.1 The semi-closed Elefsis Bay
The total coccolithophore density in the Elefsis Bay 
samples was relatively low - 4.6 and 5.1 x103 coccospheres/l 
(Table 2). The coccolithophore assemblage consisted only 
of four heterococcolithophore species, with low species 
diversity, but the Shannon–Wiener index was relative 
high (H=0.81 and 0.90), since no one species dominated 
the assemblages. 

The most abundant species was Helicosphaera carteri 
with concentrations up to 2.7 x103 coccospheres/l, thus 
constituting more than 50% of the assemblage. No loose 
helicoliths have been observed in the studied samples; 
in general, the absence of loose helicoliths from the 
samples indicates the new development of the popula-
tion (e.g., van der Waal et al., 1995). Emiliania huxleyi 
represents the second most abundant species that contrib-
utes with 2.0x103 cells/l, comprising about 40% of the 
assemblage. Among the minor species, Gephyrocapsa 
oceanica� ZDV� D� VLJQLÀFDQW� HOHPHQW� ZLWK� FHOO� GHQVLW\�
up to 2.9 x102 coccospheres/l, whereas Syracosphaera 
anthos was present with cell densities less than 1.0 x102 
coccospheres/l (Table 2).

3.2 Off-shore environments of the Ae-
gean Sea 
During winter and early spring the total coccosphere 
densities from the studied Aegean Sea off-shore envi-
ronments varied between 9.2 x103 (central Aegean, Stn 
T1-8, 0 m) to 37.5 x103 cells/l (North Aegean,  M4, 10 
m) with an average of 24.5 x103 cells/l (Table 2). A total 
of 60 (48 heterococcolithophores and 12 holococcolitho-
SKRUHV��VSHFLHV�KDYH�EHHQ�LGHQWLÀHG��7KH�DYHUDJH�VSHFLHV�
diversity was 13 species per sample, with highest values 
(26 taxa) observed in the South Aegean (Stn HAS, 5m). 
Shannon–Wiener index showed similar patterns with 
species diversity (Hmax=1.42 at South Aegean, Stn HAS, 
5m). 

Emiliania huxleyi was the most abundant species with 
concentrations up to 35.4 x103 cells/l in the North Aegean 
(Stn M4, 10m), typically constituting >70% of the cocco-
lithophore assemblages. Syracosphaera spp. (up to 3.8 
x103 coccospheres/l at Stn M3) were generally represented 
by more than 15 species, among which the most abundant 

are Syracosphaera molischii, Syracosphaera pulchra 
and Syracosphaera ossa. Rhabdosphaeraceae were well 
represented with concentrations up to 1.5 x103 cells/l at 
Stn HAS, 5m). Among them $OJLURVSKDHUD�UREXVWD and 
5KDEGRVSKDHUD�FODYLJHUD were the most prevalent. Heli-
cosphaera carteri and Gephyrocapsa oceanica showed a 
maximum abundance 2.6 x102 cells/l in stations HAS, 5m 
and M2, 3m respectively. 

4. Discussion and conclusions
Elefsis Bay is a shallow semi-closed embayment 
(maximum depth 33 m) that presents a typically seasonal 
variation of the hydrological parameters. The annual 
maximum average temperature occurs around July/
August (25o C); minimum values (10o C) are reached in 
February/March. Salinity shows an almost homogeneous 
YHUWLFDO� SURÀOH�� ZLWK� VHDVRQDO� YDULDWLRQ� UDQJLQJ� IURP�
37.5 in March to 39.0 in summer (e.g., Friligos, 1983; 
Siokou-Frangou et al., 1998). During summer, the bay is 
LQÁXHQFHG�E\�D�SHUVLVWHQW�WKHUPRFOLQH�ZKLFK�GHYHORSV�DW�
���P� OHDGLQJ� WR�ZDWHU� FROXPQ� VWUDWLÀFDWLRQ� DQG� FRQVH-
quent bottom-water anoxia, while intense vertical mixing 
of the water column occurs during winter (e.g., Scoullos 
and Riley, 1978; Zarkanellas, 1979; Papathanasiou and 
Zenetos, 2005). In addition to water mass circulation, 
the increased levels of domestic, industrial and shipping 
activities are continuously degrading the environmental 
quality, especially associated with eutrophic conditions 
(e.g., Friligos, 1981; Pagou, 1995; Pavlidou et al., 2010; 
Pavlidou, 2012), high values of hydrocarbons and trace 
elements (e.g., Scoullos et al., 2007; Sklivagou et al., 
2008; Valavanidis et al., 2008). Particularly, the trophic 
VWDWXV�LV�FKDUDFWHUL]HG�DV�HXWURSKLF�IRU�QLWUDWH��a������ƫ0�
DQG� KLJKHU�PHVRWURSKLF� IRU� SKRVSKDWH�� a� ����� ƫƓ� DQG�
ammonium: ~ 1.12 (Pavlidou, 2012) have a prevailing 
control on the seasonal succession of phytoplankton (e.g., 
Ignatiades, 1983; Gotsis-Skretas, 1995; Pagou, 1995) 
DQG�VLJQLÀFDQWO\�GHFUHDVH�WKH�]RRSODQNWRQ�ULFKQHVV��H�J���
Simboura et al., 1995; Siokou-Frangou et al., 1995, 1998). 

In the present study, the late-winter coccolithophore 
assemblages in the restricted environment of Elefsis Bay 
VKRZ�VLJQLÀFDQWO\�ORZHU�DEXQGDQFH�DQG�VSHFLHV�GLYHUVLW\�
in comparison with off-shore assemblages of the Aegean 
Sea. This is consistent with the results by Gotsis-Skretas 
(1995) who reported the lowest phytoplankton densi-
ties in Elefsis Bay in February, in contrast to the more 
open marine environments of Saronikos Gulf that present 
maxima in March. Furthermore, the low coccolithophore 
VSHFLHV�GLYHUVLW\��7DEOH����PD\�UHÁHFW�WKH�XQVWDEOH�HQYL-
ronmental conditions in the coastal environments. Indeed, 
the assemblage consists mainly of the two species H. 
carteri and E. huxleyi. Interestingly, the coccolithophore 
Shannon-Wiener index in the area is higher than in the 
off-shore environments of the Aegean Sea during the 
same season (Table 2). From the statistical point of view, 
the high Shannon-Wiener index values are due to both H. 
carteri and E. huxleyi high concentrations, while in the off 
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shore Aegean coccolithophore Shannon-Wiener index is 
lower due to the dominance of E. huxleyi. 

The opportunistic species E. huxleyi is by far the most 
abundant coccolithophore on a global basis and has a wide 
ecological distribution (e.g., Young, 1994). In the Medi-
terranean Sea waters, this species prevails throughout 
the year in the living coccolithophore assemblages (e.g., 
Knappertsbusch, 1993; Kleijne, 1993; Cros, 2001; Malin-
verno et al., 2003; Triantaphyllou et al., 2004, 2010), and 
predominates during winter in the Aegean Sea (Dimiza 
et al., 2008a, b). In Elefsis Bay, it has been reported as 
one of the most abundant species in the July peak of 
microplankton abundance, with concentrations up to 3.1 
x106 cells/l, constituting more than 70% of the popula-
tion (Gotsis-Skretas, 1995; microplankton countings with 
inverted microscope). 

Helicosphaera carteri has been rarely reported from 
the North Aegean, whereas it is a common minor compo-

nent of the assemblages of the South Aegean Sea (e.g., 
Triantaphyllou et al., 2004). However, its abundance in 
the restricted environment of Elefsis Bay is unusually 
high, replacing in dominance E. huxleyi. In addition , H. 
carteri coccospheres display notable morphological vari-
ability. Most helicoliths have two longitudinal slits in the 
central area, arranged along the long axis of the cocco-
lith, however helicoliths with two clockwise oblique slits 
or RQH� ORQJLWXGLQDO� VOLW� DUH� DOVR� REVHUYHG� �3ODWH� ��� ÀJV��
1-4). Traditionally, H. carteri, H. wallichii and H. hyalina 
have been considered as varieties, since different cocco-
liths mostly based on the slits type in the central area, 
have been recovered in association on the same cocco-
sphere (Jordan and Young, 1990; Kleijne, 1993; Jordan 
and Green, 1994; Cros and Fortuño, 2002; Malinverno 
et al., 2008; present study). However, culture studies and 
molecular analysis showed that coccolith morphology is 
stable in culture and that strains of the different morphot-

Plate 1
Morphological variability in the coccoliths of Helicosphaera carteri (Wallich 1877) Kamptner 1954. fig. 1. Cocco-

sphere with helicoliths having one longitudinal slit or two small pores in the central area, arranged along the long axis 
of the coccolith, Stn HAS 5m, fig. 2. Coccosphere with helicoliths having one or two longitudinal slits in the central 

area, arranged along the long axis of the coccolith; one coccolith having two oblique slits (arrow), Stn T1-3-5m, figs 3, 
4. Coccosphere with helicoliths having one or two longitudinal slits in the central area, Stn S 5 m.
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ypes are genetically distinct, strongly suggesting that they 
represent separate species (Sáez et al., 2003; Geisen et 
al., 2004). An intriguing possibility, although it needs to 
be tested, is that the high morphological variation seen 
here is a result of malformation in response to the envi-
ronmental stress/pollution and so there is potential to use 
H. carteri morphology for biomonitoring. 

Helicosphaera carteri is commonly found in warm 
waters (e.g., Brand, 1994; Baumann et al., 2005), asso-
ciated with moderately elevated nutrient levels (e.g., 
Ziveri et al., 1995; Findlay and Giraudeau, 2000, 2002; 
Andruleit and Rogalla, 2002, Ziveri et al. 2004); in the 
western Mediterranean Sea waters this species has been 
reported to live close to the chlorophyll maximum (Cros, 
2001). In the Ionian Sea, Helicosphaera carteri is scarce 
to nearly absent in the late fall to early winter coccolitho-
phore assemblages (Malinverno et al., 2003) and repre-
VHQWV�����RI�WKH�\HDUO\�FRFFROLWK�ÁX[��0DOLQYHUQR�HW�DO���
�������ZKLOH�LWV�FRQWULEXWLRQ�WR�WKH�\HDUO\�FRFFROLWK�ÁX[�
is higher (2.6%) in the more coastal Ionian Sea offshore 
Crete (Malinverno et al., 2009) It is commonly considered 
as a species tolerant of low salinity and terrigenous input 
(Giraudeau, 1992; Flores et al., 1997; Colmenero-Hidalgo 
et al., 2004; Triantaphyllou et al., 2009), with high 
IUHTXHQFLHV� LQ� UHJLRQV� LQÁXHQFHG� E\� ULYHULQH� GLVFKDUJH�
(Cros, 2001; Colmenero-Hidalgo et al., 2004), as a coastal 
water taxon (e.g., Giraudeau, 1992; Ziveri et al., 1995). 
Hints for an opportunistic behavior, triggered by moder-
ately elevated nutrients in estuarine environments, have 
been already given by Cachão et al. (2002) and Guerreiro 
et al. (2005), when studying Holocene sediment records. 
2XU�UHVXOWV�UHLQIRUFH�WKHVH�ÀQGLQJV��YHULI\LQJ�WKH�RSSRU-
tunistic behavior of H. carteri in water samples, thus 
providing new evidence for the ecology of the species, 
suggesting that its increase may also be observed in 
distinctly polluted neritic environments. However, the 
correlation between H. carteri distribution and chemical 
data, abnormal concentrations in nutrients and/or other 
trace elements, measured in the same water samples is 
HVVHQWLDO�WR�FRQÀUP�WKHVH�UHVXOWV��'HWDLOHG�IXWXUH�UHVHDUFK�
of coccolithophore distribution on a seasonal basis and 
its relationships with the environmental factors, will 
monitor the role of H. carteri in the semi-closed Elefsis 
Bay ecosystem. 

Acknowledgments
Special thanks are due to Jeremy Young and Mario Cachão 
for providing constructive criticism on the manuscript. 
Research funding-material studied from: -01ED100/
3(1('� DQG� ��(3���(17(5� 3URMHFWV�� FR�ÀQDQFHG�
by E.U.-European Social Fund (75%) and the Greek 
Ministry of Development-GSRT (25%)- EraNet/Marinera 
Medecos EU/FP6 Project -HERMIONE FP7-DG-Envi-
ronment - PERSEUS EU/FP7 Project. Special thanks are 
due to Spyros Stavrakakis, HCMR, for providing water 
samples during Medecos and Hermione oceanographic 
cruises. 

References
Andruleit, H. & Rogalla, U. 2002. Coccolithophores in 

surface sediments of the Arabian Sea in relation to 
environmental gradients in surface waters. 0DULQH�
Geology, 186: 505–526. 

Baumann, K.-H., Andruleit, H., Böckel, B., Geisen, M. 
	�.LQNHO�� +�� ������ 7KH� VLJQLÀFDQFH� RI� H[WDQW� FRF-
colithophores as indicators of ocean water masses, 
surface water temperature, and paleoproductivity: a 
review. Paläontologische Zeitschrift, 79: 93–112.

Brand, L.E. 1994. Physiological ecology of marine cocco-
lithophores. In: A. Winter  & W.G. Siesser (Eds), Coc-
FROLWKRSKRUHV��&DPEULGJH�8QLYHUVLW\�3UHVV, 39–49 pp.

Cachão, M., Drago, T., Silva, A., Moita, T., Oliveira, A. 
& Naughton, F. 2002. The secret (estuarine?) life of 
Helicosphaera carteri: preliminary results. -RXUQDO�RI�
Nannoplankton Research, 24: 76–78.

Colmenero-Hidalgo, E., Flores, J.A., Sierro, J., Barcena, 
M.A., Lowemark, L., Schonfeld, J. & Grimalt, J.O. 
2004. Ocean surface water response to short term 
climate changes revealed by coccolithophores from 
the Gulf of Cadiz (NE Atlantic) and Alboran Sea (W 
Mediterranean). Palaeogeography, Palaeoclimatol-
ogy, Palaeoecology, 205: 317–336.

Cros, L. 2001. Planktonic coccolithophores of the 
NW Mediterranean. Tesi Doctoral, Departament 
d’Ecologia, Universitat de Barcelona, 181 pp.

Cros, L. & Fortuño, J.-M., 2002. Atlas of Northwestern 
0HGLWHUUDQHDQ�&RFFROLWKRSKRUHV. Scientia Marina 66 
(Suppl.1), 186 pp.

Dimiza, M.D., Triantaphyllou, M.V. & Dermitzakis, 
M.D. 2008a. Seasonality and ecology of living cocco-
lithophores in E. Mediterranean coastal environments 
(Andros Island, Middle Aegean Sea). 0LFURSDOHRQWRO-
ogy, 54: 159–175.

Dimiza, M.D., Triantaphyllou, M.V. & Dermitzakis, M.D. 
2008b. Vertical distribution and ecology of living coc-
colithophores in the marine ecosystems of Andros 
Island (Middle Aegean Sea) during late summer 2001. 
+HOOHQLF�-RXUQDO�RI�*HRVFLHQFHV, 43: 7–20.

Findlay, C.S. & Giraudeau, J. 2000. Extant calcareous 
nannoplankton in the Australia sector of the south-
ern ocean (Austral summer 1994 and 1995). 0DULQH�
0LFURSDOHRQWRORJ\, 40: 417–439.

Findlay, C.S. & Giraudeau, J. 2002. Movement of oceanic 
fronts south Australia during the last 10 ka: interpreta-
tion of calcareous nannoplankton in surface sediments 
from the Southern Ocean. 0DULQH�0LFURSDOHRQWRORJ\, 
46: 431–444.

Flores, J.A., Sierro, F.J., Francés, G., Vázquez, A. & 
=DPDUUHļR�� ,�� ������ 7KH� ODVW� �������� \HDUV� LQ� WKH�
western Mediterranean: sea surface water and frontal 
dynamics as revealed by coccolithophores. 0DULQH�
0LFURSDOHRQWRORJ\, 29: 351–366.

Friligos, N. 1981. Enrichment by inorganic nutrients and 
oxygen utilization rates in Elefsis Bay (1973-1976). 
0DULQH�3ROOXWLRQ�%XOOHWLQ, 12: 431–436.

Friligos, N. 1983. Nutrient and oxygen redistribution dur-
LQJ�GHVWUDWLÀFDWLRQ�LQ�WKH�(OHIVLV�%D\��DQ�DQR[LF�EDVLQ��



&RFFROLWKRSKRUHV������$EVWUDFWV42

+\GURELRORJLD, 101: 223–230. 
Geisen, M., Young, J. R., Probert, I., Sáez, A. G., Bau-

mann, K-H., Spengel, C., Bolmann, J., Cros, L., Var-
gas, C. De & Medlin, L.K. 2004. Species level varia-
tion in coccolithophores. In: H.R. Thierstein & J.R. 
Young (Eds), &RFFROLWKRSKRUHV��)URP�0ROHFXODU�3UR-
FHVVHV�WR�*OREDO�,PSDFW, Springer, Berlin, 327–365 pp. 

Giraudeau, J. 1992. Distribution of Recent nannofossil 
beneath the Benguela system: southwest African con-
tinental margin. 0DULQH�*HRORJ\, 108: 219–237.

*RJRX�� ƈ��� %RXORXEDVVL�� ,�� 	� 6WHSKDQRX�� (�*�� ������
Marine organic geochemistry of the Eastern Mediter-
ranean: 1. Aliphatic and polyaromatic hydrocarbons in 
&UHWDQ�6HD�VXUÀFLDO�VHGLPHQWV��0DULQH�&KHPLVWU\, 68: 
265–2827.

Gotsis-Skretas, O. 1995. Seasonal variability of phyto-
plankton in eutrophic and oligotrophic environments 
in Saronikos Gulf, Greece, 1983-1985. Rapport Com-
PLVVLRQ�,QWHUQDWLRQDO�0HU�0pGLWHUUDQpH, 34: 208 pp.

Guerreiro, C., Cachão, M. & Drago, T. 2005. Calcareous 
QDQQRSODQNWRQ�DV�D�WUDFHU�RI�WKH�PDULQH�LQÁXHQFH�RQ�
the NW coast of Portugal over the last 14 000 years. 
-RXUQDO�RI�1DQQRSODQNWRQ�5HVHDUFK, 27: 159–172.

Hammer, Ø., Harper, D.A.T. & Ryan, P.D. 2001. PAST: 
Paleontological Statistics Software Package for Edu-
cation and Data Analysis. Palaeontologia Electronica, 
4(1): 9 pp. http://palaeo-electronica.org/2001_1/past/
issue1_01.htm

Ignatiades, L. 1998. The productive and optical status 
of the oligotrophic waters of the Southern Aegean 
Sea (Cretan Sea), Eastern Mediterranean. -RXUQDO� RI�
Plankton Research, 20: 985–995.

Ignatiades, L., Moschopoulou, N., Karydis, M. & Vassi-
liou, A. 1983. Phytoplankton ecology of the Saroni-
cos Gulf, Aegean Sea. 'DWD�5HSRUW�<HDU� ������3DUW�
���3K\WRSODQNWRQ��*UHHN�$WRPLF�(QHUJ\�&RPPLVVLRQ��
Nuclear Research Center “Democritus”, Athens.

Ignatiades L., Psarra S., Zervakis V., Pagou K., Souver-
mezoglou E., Assimakopoulou G. & Gotsis-Skretas, 
O. 2002. Phytoplankton size-based dynamics in the 
Aegean Sea (Eastern Mediterranean). -RXUQDO� RI�
0DULQH�6\VWHPV, 36: 11–28.

Jordan, R.W. & Green J.C., 1994. A check-list of the 
extant Haptophyta of the world. -RXUQDO�RI�WKH�0DULQH�
Biological Association of the United Kingdom, 74: 
149–174.

Jordan, R.W. & Winter, A. 2000. Living microplank-
ton assemblages off the coast of Puerto Rico during 
January-May 1995. 0DULQH� 0LFURSDOHRQWRORJ\, 39: 
113–130.

Jordan, R.W. & Young, J.R., 1990. Proposed changes to 
WKH� FODVVLÀFDWLRQ� V\VWHP�RI� OLYLQJ� FRFFROLWKRSKRULGV��
International Nannoplankton Association Newsletter, 
12: 15–18.

Kapsimalis, V., Panagiotopoulos, I.P., Talagani, P., Hat-
zianestis, I., Kaberi, H., Rousakis, G., Kanellopoulos, 
T.D. & Hatiris, G.A. 2014. Organic contamination of 
surface sediments in the metropolitan coastal zone of 
Athens, Greece: Sources, degree, and ecological risk. 

0DULQH�3ROOXWLRQ�%XOOHWLQ, 80: 312–324.
Kleijne, A. 1993. 0RUSKRORJ\��7D[RQRP\�DQG�'LVWULEX-

tion of Extant Coccolithophorids (Calcareous Nanno-
SODQNWRQ�. Ph. D. Thesis, Vrije Universiteit, Amster-
dam, 320 pp.

Knappertsbusch, M.W. 1993. Geographic distribution of 
living and Holocene coccolithophores in the Mediter-
ranean Sea. 0DULQH�0LFURSDOHRQWRORJ\, 12: 71–76.

/DJDULD��$���3VDUUD��6���*RJRX��$���7XùUXO��6��	�&KULVWDNL��
U. 2013. Particulate and dissolved primary production 
along a pronounced hydrographic and trophic gradient 
(Turkish Straits System-NE Aegean Sea). -RXUQDO�RI�
0DULQH�6\VWHPV, 119–120: 1–10.

Lykousis, V., Chronis, G., Tselepides, A., Price, B., Theo-
charis, A., Siokou-Frangou, I., Van Wambeke, F., 
Danovaro, R., Stavrakakis, S., Duineveld, G., Geor-
gopoulos, D., Ignatiades, L., Souvermezoglou, A. & 
Voutsinou-Taliadouri, F. 2002. Major outputs of the 
recent multidisciplinary biogeochemical researches in 
the Aegean Sea. -RXUQDO� RI�0DULQH� 6\VWHPV, 33–34: 
313–334.

Malinverno, E., Dimiza, M.D., Triantaphyllou, M.V., 
Dermitzakis, M.D. & Corselli, C. 2008. Coccolitho-
SKRUHV�RI�WKH�HDVWHUQ�0HGLWHUUDQHDQ�6HD��D�ORRN�LQWR�
the marine micro world. ION Publications, Athens: 
188pp. ISBN 97-960411-660-7.

0DOLQYHUQR�(���0DIÀROL�3���&RUVHOOL�&��	�'H�/DQJH�*�-��
������3UHVHQW�GD\�ÁX[HV�RI�FRFFROLWKRSKRUHV�DQG�GLD-
toms in the pelagic Ionian Sea. -RXUQDO�RI�0DULQH�6\V-
tems, 132: 13–27.

Malinverno E., Triantaphyllou M.V, Stavrakakis S., Ziv-
eri P. & Lykousis V., 2009. Seasonal and spatial vari-
ability of coccolithophore export production at the 
south-western margin of Crete (eastern Mediterra-
nean). 0DULQH�0LFURSDOHRQWRORJ\, 71: 131–147.

Malinverno, E., Ziveri, P. & Corselli, C. 2003. Coc-
colithophorid distribution in the Ionian Sea and its 
relationship to eastern Mediterranean circulation dur-
ing late fall-early winter 1997. -RXUQDO�*HRSK\VLFDO�
Research, 108: 8115, 2002JC001346.

Pagou, K., 1995. Interannual differences in phytoplankton 
seasonal cycles in Saronikos Gulf. Rapport Commis-
VLRQ�,QWHUQDWLRQDO�0HU�0pGLWHUUDQpH, 34: 215 pp.

Papathanasiou, E. & Zenetos, A. eds. 2005. State of the 
Hellenic Marine Environment. Hellenic Centre for 
0DULQH�5HVHDUFK, 358 pp, ISBN: 960-86651-8-3.

Pavlidou, A. 2012. Nutrient Distribution in Selected 
Coastal Areas of Aegean Sea (East Mediterranean 
Sea). -RXUQDO�RI�(QYLURQPHQWDO�6FLHQFH�DQG�(QJLQHHU-
ing, $�: 78–88.

Pavlidou A., Kontoyiannis, H., Anagnostou, Ch., Siokou-
Frangou, I., Pagou, K., Krasakopoulou, E., Assimako-
poulou, G., Zervoudaki, S., Zeri, Ch., Chatzianestis, 
J. & Psylidou, R. 2010. Biogeochemical Characteris-
tics in the Elefsis Bay (Aegean Sea, Eastern Mediter-
ranean) in relation to anoxia and climate changes. In: 
E.V. Yakushev (Ed.), Chemical Structure of Pelagic 
5HGR[� ,QWHUIDFHV�� 2EVHUYDWLRQ� DQG� 0RGHOLQJ, Hdb 
Env Chem, DOI 10.1007/698_2010_55, Springer Ver-



&RFFROLWKRSKRUHV������$EVWUDFWV 43

lag Berlin Heidelberg.
Psarra, S., Tselepides, A. & Ignatiades, L. 2000. Primary 

productivity in the oligotrophic Cretan Sea (NE Medi-
terranean): seasonal and interannual variability. Prog-
ress in Oceanography, 46: 187–204.

Sáez, A.G., Probert, I, Geisen, M., Quinn, P., Young, 
J.R. & Medlin, L.K., 2003. Pseudo-cryptic specia-
tion in coccolithophores. Proceedings of the National 
Academy of Science of the United States of America, 
100(12): 7163–7168.

Scoullos, M. & Riley, J.P. 1978. Water circulation in the 
Gulf of Elefsis, Greece. Thalassia Yugoslavica, 14: 
357–370.

Scoullos, M.J., Sakellari, A., Giannopoulou, K., Para-
skevopoulou, V. & Dassenakis, M. 2007. Dissolved 
and particulate trace metal levels in the Saronikos 
Gulf, Greece, in 2004. The impact of primary waste-
water treatment plant in Psittalia. Desalination, 210: 
98–109. 

Simboura N., Zenetos A., Panayotidis P.  & Makra, A. 
1995. Changes in Benthic Community Structure Along 
an Environmental Pollution Gradient. 0DULQH�3ROOX-
tion Bulletin, 30: 470–474.

Siokou-Frangou, I., Papathanassiou E., Lepretre, A. & 
)URQWLHU��6��������=RRSODQNWRQ�DVVHPEODJHV�DQG�LQÁX-
ence of environmental parameters on them in a Medi-
terranean coastal area. -RXUQDO�RI�3ODQNWRQ�5HVHDUFK, 
20: 847–870.

Siokou-Frangou, I., Verriopoulos, G., Yannopoulos, C. 
& Moraitou-Apostolopoulou, M. 1995. Differentia-
tion of zooplankton communities in two neighbour-
ing shallow areas. In: Eleftheriou et al. (Eds), Biology 
and Ecology of Shallow Coastal Waters, 28th EMBS, 
Olsen and Olsen, Fredensborg, pp. 87–97.

Sklivagou, E., Varnavas, S.P., Hatzianestis, I. & Kanias, 
G. 2008. Assessment of aliphatic and polycyclic aro-
matic hydrocarbons and trace elements in coastal sedi-
ments of the Saronikos Gulf, Greece (Eastern Mediter-
ranean). 0DULQH�*HRUHVRXUFHV�	�*HRWHFKQRORJ\, 26: 
372–393. 

Triantaphyllou, M., Dimiza, M., Krasakopoulou, E., Mal-
inverno, E., Lianou, V. & Souvermezoglou, E. 2010. 
Seasonal control on Emiliania huxleyi coccolith mor-
SKRORJ\�DQG�FDOFLÀFDWLRQ�LQ�WKH�$HJHDQ�6HD��(DVWHUQ�
Mediterranean). *HRELRV, 43: 99–110. 

Triantaphyllou, M.V., Ziveri, P., Gogou, A., Marino, G., 
Lykousis, V., Bouloubassi, I., Emeis, K.-C., Kouli, K., 
Dimiza, M., Rosell-Mele, A., Papanikolaou, M., Kat-
souras, G. & Nunez, N. 2009. Late Glacial–Holocene 
climate variability at the south-eastern margin of the 
Aegean Sea. 0DULQH�*HRORJ\, 266:182–197.

Triantaphyllou, M.V., Ziveri, P. & Tselepides, A. 2004. 
Coccolithophore export production and response to 
seasonal surface water variability in the oligotrophic 
&UHWDQ�6HD� �Ɣƌ�0HGLWHUUDQHDQ���0LFURSDOHRQWRORJ\, 
50: 127–144.

9DODYDQLGLV�� $��� 9ODFKRJLDQQL�� 7K��� 7ULDQWDÀOODNL�� 6���
Dassenakis, M., Androutsos, F. & Scoullos M. 2008. 
Polycyclic aromatic hydrocarbons in surface seawater 
and in indigenous mussels (0\WLOXV�JDOORSURYLQFLDOLV) 
from coastal areas of the Saronikos Gulf (Greece). 
Estuarine, Coastal and Shelf Science, 79: 733–739.

van der Wal, P., Kempers, R.S. & Veldhuis, M.J.W., 1995. 
3URGXFWLRQ�DQG�GRZQZDUG�ÁX[�RI�RUJDQLF�PDWWHU�DQG�
calcite in a North Sea bloom of the coccolithophore 
(PLOLDQLD� KX[OH\L�� 0DULQH� HFRORJ\� 3URJUHVV� 6HULHV��
126: 247-265.

Young, J. 1994. Functions of coccoliths. In: A. Winter & 
W. Siesser (Eds). &RFFROLWKRSKRUHV��&DPEULGJH�8QL-
versity Press, Cambridge: 63–82.

=DUNDQHOODV��$�-��������2[\JHQ�GHÀFLHQW�DQG�RUJDQLF�FDU-
ERQ�ÀHOGV� H[SDQVLRQ� LQ�(OHIVLV�%D\��*UHHFH��0DULQH�
Pollution Bulletin, 10: 11–13.

Zervoudaki, S., Christou, E.D., Assimakopoulou, G., 
Örek, H, Gucu, A.C., Giannakourou, A., Pitta, P., 
7HUEL\LN�� 7��� <уFHO�� 1��� 0RXWVRSRXORV�� 7��� 3DJRX��
K., Psarra, S., Ozsoy, E. & Papathanassiou, E. 2011. 
Composition, production and grazing of copepods in 
the Turkish Straits System and the adjacent northern 
Aegean Sea during spring. -RXUQDO�RI�0DULQH�6\VWHPV, 
86: 45–56.

Ziveri, P., Baumann, K.-H., Böckel, B., Bollmann, J. & 
Young, J.R., 2004. Present day coccolithophore bioge-
ography of the Atlantic Ocean. In: H.R. Thierstein & 
J.R. Young (Eds), &RFFROLWKRSKRUHV���)URP�PROHFXODU�
SURFHVVHV�WR�JOREDO�LPSDFW. Springer, pp. 403–427.

Ziveri, P., Thunell, R. & Rio, D. 1995. Export production 
of coccolithophores in an upwelling region: results 
from San Pedro Basin, Southern California Border-
lands. 0DULQH�0LFURSDOHRQWRORJ\, 24: 335–358.


	JNRabstracts_cover9_180v2
	Dimiza et al 2014 JNR Crete



