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Resumen

En este trabajo se estudió la distribución de cocolitos en muestras de sedimentos superficiales del margen ibérico mediterráneo. Se
calculó la abundancia total y se representó en un mapa de distribución. La mayor abundancia de cocolitos se registró en tres mues-
tras situadas en los alrededores de las islas Baleares y se relacionó con los aportes de las aguas atlánticas modificadas más modernas
(Modified Atlantic Water, MAW). La menor abundancia total se registró cerca de la costa, en el área de acción de la corriente del Norte
(NC) y del frente Catalán y se ha relacionado principalmente con los aportes terrígenos del río Ebro. Las abundancias relativas mues-
tran que los pequeños placolitos (Emiliania huxleyi, Gephyrocapsa aperta y Gephyrocapsa ericsonii) son las formas dominantes de la
asociación de cocolitos en el Mediterráneo occidental, disminuyendo su abundancia con la distancia a la costa y relacionándolas con
concentraciones de nutrientes. La distribución de Gephyrocapsa oceanica y Gephyrocapsa muellerae parece estar relacionada con
la MAW de las proximidades del estrecho de Gibraltar y con alguno de los remolinos costeros generados por la corriente de Argelia
(AC), respectivamente. Syracosphaera spp. y Helicosphaera spp. también alcanzan una abundancia significativa mostrando una dis-
tribución concéntrica en el mar Catalano-Balear. La distribución de Florisphaera profunda, que mostró algunos valores más altos al
sur del delta del Ebro, también puede ser de interés biogeográfico.

Palabras clave: Cocolitóforos, sedimentos superficiales, biogeografía, Mediterráneo occidental, margen ibérico mediterráneo.

Abstract

The distribution of coccoliths in surface sediments from the Mediterranean Iberian Margin is shown in the present study. Total abun-
dance was recorded and represented in a distribution map. Higher abundance was recorded in three samples located in the surround-
ings of the Balearic Islands related to the contribution of the recent Modified Atlantic Waters (MAW). The lowest total abundance was
recorded close to the Iberian shoreline under the influence of the Northern Current (NC) and the Catalan Front and mainly related to
the terrigenous runoff of the Ebro River. Relative abundance reveals that the small placoliths (Emiliania huxleyi, Gephyrocapsa aperta
and Gephyrocapsa ericsonii) are the dominant group in the Western Mediterranean; decreasing in percentage with distance from the
coast and related to nutrient concentrations. Gephyrocapsa oceanica and Gephyrocapsa muellerae distributions seem to be related
to the recent MAW close to the Strait of Gibraltar and to some of the coastal eddies generated from the Algerian Current (AC), respec-
tively. Syracosphaera spp. and Helicosphaera spp. also reach significant abundances, having a concentric distribution in the Catalano-
Balearic Sea. The distribution of Florisphaera profunda, which has higher values to the south of the Ebro Delta, may also be of
biogeographic interest. 
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1. INTRODUCTION

Biogeographic studies are essential for the understanding
of the nature of each species with regard to the ecosystem
or environment, but can also be useful in other aspects of
science such as: in the provision of the information nec-
essary for sustainable use and conservation of species, for
example in agriculture and fisheries; in environmental as-
sessment by helping to ensure minimum impact on the
natural environment; in making possible a comparison be-
tween taxa and other features (physical, chemical or bio-
logical) to establish dependence/influence relationships;
in quantitative palaeoceanography to calculate
palaeotemperatures and palaeosalinities (Spellerberg &
Sawyer, 1999, Boeckel et al., 2006; Saavedra-Pellitero et
al., 2010; Saavedra-Pellitero et al., in press).

Coccolithophores are planktic, single-celled golden-
brown algae which produce coccoliths, biomineralised
calcified plates (Geisen et al., 2002; de Vargas et al.,
2007). Coccolithophores are important components of the
phytoplankton in Western Mediterranean waters (Mar-
galef, 1969; Estrada, 1980; Arin et al., 2002) and coccol-
iths are abundant and well preserved in the surface
sediments of the Western Mediterranean (Knappertsbusch,
1993). The distribution of coccoliths in surface sediments
reflects the environmental parameters of the overlying
water masses and may be successfully used to improve
palaeoclimatic reconstructions (Findlay & Giraudeau,
2002; Andruleit et al., 2004), to locate the different surface
water masses (Eide, 1990), as well as to assess ecological
and preservational factors and highlight their role as car-
bonate producers (Boeckel & Baumann, 2004).

Several biogeographic studies of coccoliths have been car-
ried out in different parts of the Mediterranean Sea on live
assemblages, in surface sediments and ancient sediments
(Bartolini, 1970; Violanti et al., 1987; Rio, 1982; Rio et
al., 1990; Kleijne, 1991; Knappertsbusch, 1993; Roth,
1994; Winter et al., 1994; Cros, 1995; Ziveri et al., 2000;
Cros, 2001). This work presents the biogeographic study of
coccoliths in a belt of surface samples selected from along
the Mediterranean Iberian Margin from the south of the
Gulf of Lyon to the Strait of Gibraltar. This study has been
undertaken in order to define the differences between the
Iberian and Balearic Margin coccolithophore assemblages
and their possible relation to water masses in terms of
abundance and distribution.

2. OCEANOGRAPHIC SETTING

Semi-enclosed seas, such as the Mediterranean, improve
the signal recorded in the sedimentary record making
palaeoclimatic events more evident (von Grafenstein et
al., 1999; Pérez-Folgado et al., 2003). The Western
Mediterranean is a boundary between this marginal sea
and the Atlantic Ocean. The study of sediments in the
Western Mediterranean provides information about the
features in both areas and the connection between them.

In the Western Mediterranean, more specifically in the
Mediterranean Iberian Margin, it is possible to distinguish
two main sub-basins (Fig. 1): the Catalano-Balearic Sea,
located to the north between the Iberian Peninsula and
the Balearic Islands; and the Alboran Sea, located to the
south between the Iberian Peninsula and Africa.

2.1 The Catalano-Balearic Sea

Surface circulation in the Catalano-Balearic Sea is mainly
characterised by the Northern Current (NC) flowing to the
south along the continental slope (Fig. 1). The water mass
associated with the NC is the old Modified Atlantic Water
(MAW) which arrives in the Catalano-Balearic Sea after
traversing the Western Mediterranean. A branch of the NC
is diverted when it reaches the proximity of the Alboran
Sea because it comes into contact with the recent MAW
(36.5) merging into its path towards the Western Mediter-
ranean. The recent MAW also arrives in the Catalano-
Balearic Sea carried by the Algerian Current (AC) from the
south and entering through the Balearic channels (La Vio-
lette et al., 1990; Salat, 1996; Millot, 1999). The AC runs
along the northern coast of Africa between 0º and 2ºE, and
then meanders, generating coastal eddies and upwellings
(López-García et al., 1994; Benzohra & Millot, 1995; Mil-
lot, 1999; Pascual et al., 2002).

Globally considered, the Mediterranean Sea has low pro-
ductivity. Nevertheless two geostrophic fronts, related to
the continental slope and originated by the density differ-
ence between different water masses, develop very im-
portant mixing processes, favouring primary productivity
(Estrada, 1996) and an increase of suspended organic mat-
ter (Calafat et al., 1996) in the Catalano-Balearic Sea. One
of these is the Catalan Front, extending from the Gulf of



Lyon to the Ebro Delta, which acts as border between the
shelf waters of lower salinity (<37.5) and the open sea wa-
ters of higher salinity (>38.0) (Font et al., 1988). The other
is the Balearic Front which separates colder Mediter-
ranean waters from warmer waters of recent MAW (Font
et al., 1988; Pinot et al., 1994). Moreover, a high contri-
bution of nutrients in the zone is developed between the
two fronts (Estrada & Margalef, 1988); this intermediate
zone consists of the permanent presence of dense waters
arising from a divergent structure (Font et al., 1988).

2.2 Alboran Sea

The most characteristic surface feature of the Alboran Sea
is the recent MAW, a modification of the North Atlantic
Central Water (NACW) (Fig. 1). Recent MAW enters the

Mediterranean Sea through the Strait of Gibraltar and is
progressively modified along its flow trajectory by mixing
with intermediate waters (López-García et al., 1994; Ben-
zohra & Millot, 1995; Millot, 1999). Recent MAW de-
scribes two anticyclonic gyres flowing eastwards: the
Western Alboran Gyre (WAG) and the Eastern Alboran
Gyre (EAG) (Millot et al., 1997; Millot, 1999; Vargas-
Yáñez et al., 2002).

The Alboran Sea has two high productivity surface zones
developed from the mixing of two different water masses,
the NACW and the MAW. The westernmost productivity
zone is called the Alboran Front (Cheney, 1978) and shows
high biological activity (Bárcena & Abrantes, 1998) relat-
ed to an upwelling developed close to the northern bor-
der of the WAG. The origin of the Alboran Front seems to
be related to the instability developed between the Atlantic
Water, the Intermediate Water and the deep sea topogra-
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Figure 1. Study area map showing main oceanographic features and core-top locations (+). NC: Northern Current, AC: Algerian Current, NACW: North
Atlantic Central Water, MAW: Modified Atlantic Water, WAG: Western Alboran Gyre, EAG: Eastern Alboran Gyre.



phy contact (Perkins et al., 1990). The other productivity
zone is the Almeria-Oran Front (AOF) defined by the con-
nection between the Mediterranean Water and the Atlantic
Water close to Cabo de Gata (Tintoré et al., 1988) and which
is controlled by the size and position of the EAG.

3. MATERIALS AND METHODS

Thirty-one core-tops taken from along the Mediterranean
Iberian Margin and surrounding the Balearic Islands were
studied (Fig. 1). Information on geographic location as well
as a description of the sedimentary material are reported

in Table I. Gravity cores were recovered in different
oceanographic cruises between 1973 and 1996 by person-
nel from the Institute of Marine Sciences (CSIC). The sed-
imentary rate was diverse (Medialdea et al., 1986; Alon-
so & Maldonado, 1992; Ercilla et al., 1995; Bozzano et al.,
2009) among the different samples, reflecting the sedimen-
tary environment. However, taking into account the age
model of the different cores in the study area (Flores et al.,
1997; Cacho et al., 1999; Colmenero et al., 2004; Sierro
et al., 2005; Bozzano et al., 2009), the sediments of sur-
face samples are Holocene from conditions comparable to
those of the present. The core-tops studied are considered
as representative of current sediment deposition.
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SAMPLE
NUMBER SAMPLE CODE LATITUDE 

(º)
LONGITUDE

(º)
WATER

DEPTH (m) SEDIMENT DESCRIPTION

1 GC-88-1, TR-70 (A) 42.2973 3.3184 72 SANDY-MUD WITH Turritella
2 TGóTR-12/GC-88-1 42.1546 3.3078 100 MUD
3 TG-15 (sec 1d2) (A)/GC-88-1 42.1369 3.4993 196 MUD
4 K-104/CL-83-1 (sec 1d3) (A) 41.1847 2.1514 265 BROWN MUD
5 TC-35 (A)/GC-93-1 41.0731 1.9154 567 GREY HOMOGENEOUS MUD
6 TG-1 (A)/GC-92-1 40.4906 0.5664 17.9 MUD WITH MONOSULPHIDES
7 TG-6 (A)/GC-92-1 40.4583 0.6617 36 MUD WITH MONOSULPHIDES
8 K-30 (sec 1) (A)/79KEB 40.4100 0.7933 66 COMPACT YELLOW MUD
9 K-37 (sec 1) (A)/CO-80-4 40.3339 4.5413 2400 HEMIPELAGIC MUD
10 K-39 (sec 1) (A)/CO-80-4 40.3306 3.4423 1210 GREY MUD
11 TK-61/80-CL (sec unica) (A) 40.2519 0.5333 60 BEIGE SILTY-MUD 
12 TK-60/80-CL (sec 1) (A) 40.2506 0.4689 48 BEIGE SILTY-MUD 
13 TK-59 (sec 1) (A)/80-CL 40.2503 0.3844 31 BEIGE SILTY-MUD 
14 KF-4/VALSIS (1-2) 39.8786 1.7538 1510 MUD
15 TK-30/80-CL (A) 39.6333 0.2172 140 GREY CLAY
16 TK-33/80-CL (sec 1) (A) 39.6333 -0.0011 73 BEIGE MUD
17 35411 (pilot)/E-3D-78 39.4200 3.5533 730 HEMIPELAGIC MUD
18 35411 (sec 1)/E-3D-78 39.4200 3.5533 730 HEMIPELAGIC MUD
19 K-2/CO-80-3 (A) 39.4167 -0.0200 105 OLIVE GREEN CLAY
20 K-33 (sec 1) (A)/CO-80-4 39.1150 4.8350 2350 HEMIPELAGIC MUD
21 K-30 (sec 1) (A)/CO-80-4 38.9700 3.9487 1920 MUD WITH FORAMS
22 K-10 (sec 1) (A)/CO-80-4 38.0500 1.0150 1957 HEMIPELAGIC MUD
23 K-4 (sec 1) (A)/CO-80-4 37.5403 -0.2431 1260 GREY CLAY WITH FORAMS
24 ALM22 (sec 1d2) (A)/MAYC-96 36.6640 -2.3328 467 GREY MUD
25 ALM19 (sec 1d2) (A)/MAYC-96 36.5898 -2.4805 500 GREY SANDY MUD
26 MTL18 (sec 1d2) (A)/MAYC-96 36.5818 -3.3763 743 MUD WITH LAYERS OF SILT
27 MTL2 (sec 1d1) (A+RX)/MAYC-96 36.5260 -3.4740 753 MUD WITH MILLIMETRIC LEVELS 

OF SANDS OR COARSE SILTS
28 GDR4 (sec 1d2)/MAYC-96 36.1822 -5.1418 621 GREY MUD
29 TG-16 (sec 1d2) (A) /GC-90-1 36.1461 -4.8736 889 MUD
30 TG-13/STR-93 (sec 1d2) 36.0678 -5.0169 857 MUD
31 TG-8 (sec 1d2)/STR-93 35.8181 -5.0522 408 GREY AND BEIGE MUD

Table I. Core-top information. Sample numbers correspond to the number assigned in the map in figure 1. Sample identification code, location and
textural description are as appear in the repository of the Institute of Marine Sciences (CSIC, Barcelona). For detailed information see:
http://www.icm.csic.es/gma/en/content/marine-sample-repository.



3.1 Sampling and sample preparation

The samples were made by taking approximately the first
cubic centimetre of sediment from each gravity core, at
the Institute of Marine Sciences (CSIC, Barcelona).

Slides were prepared at the Catholic University of Valen-
cia following the technique of Flores & Sierro (1997). This
technique allows the homogeneous distribution of coc-
coliths on the slide in order to calculate subsequent coc-
colith total abundances.

3.2 Coccolith preservation

Coccolith preservation in the studied samples can be con-
sidered as good-to-moderate according to the preserva-
tion ranking of Roth & Thierstein (1972) and Flores &
Marino (2002). The presence of delicate forms, such as
small placoliths, and the rim of the shield in large taxa,
confirm the good preservation of coccoliths.

3.3 Counting and data plotting

Observations were made at the University of Sannio using
a Nikon cross-polarising light microscope (1000x) and
counting around 500 coccoliths per slide (Fatela &
Taborda, 2003). In addition software (LUCIA Measure-
ment Version 4.61), adapted to calcareous nannoplank-
ton research, was used in the routine counting. LUCIA was
very useful in enabling the discrimination of different
species by the application of biometric criteria.

Data were plotted as contour maps using the software
“Golden Software Surfer 8” and the “kriging gridding”
method of interpolation (Matheron, 1960; Wackernagel,
1995).

4. RESULTS

The total abundances (Fig. 2) and relative abundances of
different coccolithophore taxa (Fig. 3) have been calcu-
lated for each sample studied.

In the studied samples, the total abundances of coccoliths
range from 5 x 108 to 9.5 x 109 coccoliths/g of dry sedi-
ment with average values of around 2.5 x 109 coccol-
iths/g. The total abundance map (Fig. 2) shows the highest
values located around the Balearic Islands (8 x 109 to 9.5
x 109 coccoliths/g) whilst the lowest values are located
close to the Iberian margin shore line (5 x 108 to 1 x 109

coccoliths/g).

According to the relative abundances, small placoliths
(Emiliania huxleyi, Gephyrocapsa aperta and Gephyro-
capsa ericsonii) were the dominant group in the assem-
blages with percentage values of over 60% reaching
almost 90% in some locations. Small placoliths are dis-

M. Carmen Álvarez, F. Ornella Amore, Lluïsa Cros, Belén Alonso and Javier Alcántara-Carrió. Coccolithophore biogeography in the Mediterranean
Iberian margin

363

1 GC-88-1, TR-70 (A) 1.54E+09
2 TGóTR-12/GC-88-1 5.89E+08
3 TG-15 (sec 1d2) (A)/GC-88-1 5.85E+08
4 K-104/CL-83-1 (sec 1d3) (A) 1.07E+09
5 TC-35 (A)/GC-93-1 2.01E+09
6 TG-1 (A)/GC-92-1 1.08E+08
7 TG-6 (A)/GC-92-1 2.83E+08
8 K-30 (sec 1) (A)/79KEB 8.74E+08
9 K-37 (sec 1) (A)/CO-80-4 8.62E+09
10 K-39 (sec 1) (A)/CO-80-4 7.47E+09
11 TK-61/80-CL (sec unica) (A) 8.81E+08
12 TK-60/80-CL (sec 1) (A) 4.78E+08
13 TK-59 (sec 1) (A)/80-CL 2.43E+08
14 KF-4/VALSIS (1-2) 6.45E+08
15 TK-30/80-CL (A) 3.57E+08
16 TK-33/80-CL (sec 1) (A) 7.62E+08
17 35411 (pilot)/E-3D-78 4.95E+09
18 35411 (sec 1)/E-3D-78 4.88E+09
19 K-2/CO-80-3 (A) 1.71E+09
20 K-33 (sec 1) (A)/CO-80-4 4.03E+09
21 K-30 (sec 1) (A)/CO-80-4 1.33E+09
22 K-10 (sec 1) (A)/CO-80-4 1.01E+10
23 K-4 (sec 1) (A)/CO-80-4 4.82E+09
24 ALM22 (sec 1d2) (A)/MAYC-96 2.17E+09
25 ALM19 (sec 1d2) (A)/MAYC-96 3.14E+09
26 MTL18 (sec 1d2) (A)/MAYC-96 2.79E+09
27 MTL2 (sec 1d1) (A+RX)/MAYC-96 1.06E+09
28 GDR4 (sec 1d2)/MAYC-96 1.49E+09
29 TG-16 (sec 1d2) (A) /GC-90-1 4.03E+09
30 TG-13/STR-93 (sec 1d2) 1.87E+09
31 TG-8 (sec 1d2)/STR-93 1.61E+09

SAMPLE
NUMBER

SAMPLE
CODE

TOTAL 
abundance

(coccoliths/g)

Table II. Coccolithophore assemblage total abundance (coccoliths/g).
Values are expressed to the powers of eight, nine and ten.



tributed throughout the studied area showing their highest
abundance close to the shore and the lowest off shore line
(Fig. 3a).

Gephyrocapsa oceanica has a relative abundance of 10%
close to the Strait of Gibraltar (3b) and Gephyrocapsa
muellerae reaches 27% east of the Balearic Islands (3c).

Syracosphaera spp. reaches 10% with a specific and very
concentric distribution northwest of the Balearic Islands
(3d).

Helicosphaera spp., Rhabdosphaera spp. and Umbili-
cosphaera spp. show the lowest relative abundances in
the assemblage, with around 3%, 2.5% and 2% respec-
tively, each having a distinct distribution pattern. Heli-
cosphaera spp. is found in a north-south band with the
highest relative abundances spread out northwest of the
Balearic Islands (3e), similar to the distribution of Syra-
cosphaera spp. (3d). Two other specific, concentric areas

of lower relative abundance are located northeast of the
Balearic Islands and south of Cabo de Gata. Rhab-
dosphaera spp. shows two clear positions: the first, more
spatially concentrated and with high percentages, is south
of the Gulf of Lyon, while the other is more widely distrib-
uted and located between the south of the Balearic Islands
and Cape La Nao (3e). Umbilicosphaera spp. has no pre-
vailing concentration point and is distributed throughout
the sampling area, although lower distributions were seen
in three areas: south of the Gulf of Lyon, south of the Ebro
River Delta and east of the Balearic Islands (3g).

Florisphaera profunda is more abundant in the southern
proximities of the Ebro River Delta reaching a value of 6%
in one sample from this area (3h).

In two specific locations, the south of the Gulf of Lyon and
the Ebro River Delta (3i), reworked coccoliths reach signif-
icant abundances of around 10%.
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Figure 2. Total abundance distribution map and core-top locations (+). Samples coloured in green show total abundances over 8 x 109 (coccoliths/g).
Samples coloured in yellow and grey show total abundances lower than 0.5 and 1 x 109 (coccoliths/g) respectively. Samples coloured in red show in-
termediate values between 1 and 8 x 109.In the right-hand column of values, the colour ranges from dark blue (low values) to turquoise (high values).
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1 GC-88-1, TR-70 (A) 82.09 0.79 0.79 2.17 0.98 0.79 0.00 1.77 0.98
2 TGóTR-12/GC-88-1 88.05 0.00 0.60 0.80 0.40 0.20 0.40 1.39 1.59
3 TG-15 (sec 1d2) (A)/GC-88-1 79.64 0.40 0.40 2.17 0.40 2.37 0.59 1.98 4.94
4 K-104/CL-83-1 (sec 1d3) (A) 83.10 0.20 1.19 1.39 1.39 0.20 0.00 2.19 0.40
5 TC-35 (A)/GC-93-1 80.55 0.79 0.39 0.79 1.96 0.00 1.57 0.59 1.96
6 TG-1 (A)/GC-92-1 70.64 0.00 0.00 2.75 0.00 0.92 0.00 2.75 6.42
7 TG-6 (A)/GC-92-1 81.51 1.51 0.00 3.77 0.75 1.13 0.00 1.89 4.53
8 K-30 (sec 1) (A)/79KEB 79.56 0.00 0.00 1.98 0.20 0.00 0.40 4.17 5.75
9 K-37 (sec 1) (A)/CO-80-4 73.86 1.19 2.77 0.99 1.58 0.00 0.79 0.79 0.00
10 K-39 (sec 1) (A)/CO-80-4 70.48 2.10 1.90 1.52 0.95 0.57 0.19 0.95 0.00
11 TK-61/80-CL (sec unica) (A) 87.30 0.00 0.60 0.60 0.40 0.00 0.40 1.98 1.39
12 TK-60/80-CL (sec 1) (A) 80.36 0.22 0.00 1.79 0.45 0.22 0.22 3.35 7.37
13 TK-59 (sec 1) (A)/80-CL 67.53 0.43 1.73 2.16 0.43 0.87 0.00 6.49 9.96
14 KF-4/VALSIS (1-2) 74.70 1.00 1.59 10.76 3.19 0.00 0.80 1.20 3.98
15 TK-30/80-CL (A) 68.79 0.61 1.82 0.61 0.00 0.61 0.30 4.24 1.82
16 TK-33/80-CL (sec 1) (A) 82.47 0.40 1.20 0.00 0.81 0.00 0.00 0.80 2.59
17 35411 (pilot)/E-3D-78 70.00 0.98 1.18 0.78 0.20 0.78 1.96 1.96 0.00
18 35411 (sec 1)/E-3D-78 65.61 3.78 23.86 1.39 0.20 0.20 0.00 0.20 0.00
19 K-2/CO-80-3 (A) 89.39 0.79 0.39 1.38 0.20 0.20 0.20 0.98 0.59
20 K-33 (sec 1) (A)/CO-80-4 66.67 0.59 26.67 0.59 0.39 0.00 0.00 1.57 0.39
21 K-30 (sec 1) (A)/CO-80-4 68.79 0.40 5.57 3.18 0.20 0.99 0.00 0.40 0.20
22 K-10 (sec 1) (A)/CO-80-4 69.42 1.15 1.92 2.12 1.92 1.15 1.15 1.35 0.00
23 K-4 (sec 1) (A)/CO-80-4 75.00 0.98 2.17 1.77 0.39 1.38 0.79 0.98 0.59
24 ALM22 (sec 1d2) (A)/MAYC-96 76.34 6.36 3.58 1.19 0.40 0.20 0.60 2.19 0.80
25 ALM19 (sec 1d2) (A)/MAYC-96 82.25 3.16 4.93 2.76 1.78 0.20 1.18 0.20 0.39
26 MTL18 (sec 1d2) (A)/MAYC-96 84.52 4.96 2.78 1.39 0.00 0.00 0.79 1.19 0.99
27 MTL2 (sec 1d1) (A+RX)/MAYC-96 76.29 9.76 5.58 1.00 0.60 0.20 1.00 0.80 1.00
28 GDR4 (sec 1d2)/MAYC-96 74.35 10.34 5.96 0.80 0.40 0.20 0.80 1.19 2.78
29 TG-16 (sec 1d2) (A) /GC-90-1 66.47 6.86 0.98 3.14 0.39 0.00 0.39 0.98 0.00
30 TG-13/STR-93 (sec 1d2) 71.29 5.74 6.34 1.39 0.00 0.20 0.79 1.78 1.19
31 TG-8 (sec 1d2)/STR-93 73.41 5.95 3.97 1.98 0.40 0.20 0.60 0.40 2.58
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5. DISCUSSION

Geographic variability in the study area was very evident
after plotting the three points, in the surroundings of the
Balearic Islands, which had the highest coccolith total
abundances of all sampling points (green crosses in Fig.
2). Previous studies also registered the area as richer in
coccoliths than others in the Western Mediterranean Sea
(Knappertsbusch, 1993; Cros, 1995, 2002; Flores et al.,

1997; Amore et al., 2000, 2004; Colmenero-Hidalgo et
al., 2005). This area is mainly characterised by two
oceanographic features: firstly, the action of the recent
MAW, and secondly, the presence of the Balearic front
(Font et al., 1988; La Violette et al., 1990; Salat, 1996).
Recent MAW is characterised by warmer waters which
reach the area through the Ibiza and inter-island channels.
It was estimated that about 14% of the nutrients reaching
the area come from inflowing Atlantic surface waters

Table III. Relative abundance (%) of each coccolithophore taxa.



(Estrada & Margalef, 1988). We consider recent MAW to
play an important role as it provides optimum conditions
for the development of the highest abundances of coccol-
ithophores in the studied region.

Contrastingly, the lowest total abundance of coccoliths was
recorded in five samples concentrated to the south of the
Ebro Delta (yellow crosses in Fig. 2). It may be possible to
extend this area if the other four samples in which lower
abundance was seen are also considered (grey crosses in
Fig. 2). It is necessary to point out that these samples could
be influenced by the Ebro River runoff, which can be iden-
tified as far as the southern margin of the Ebro continen-
tal shelf, in the northern sector of the Gulf of Valencia, and
also in the central area of the basin (Forcén-Vázquez et al.,
2010). Another important factor linked to the Ebro River

runoff could be a dilution of the coccolith signal in sedi-
ments due to the effect of the high terrestrial input (at pres-
ent, the sediment discharge of the Ebro River is between
1 and 1.5 x 105 tons per year (Guillén & Palanques, 1992).
The whole area is under the influence of the ancient MAW
driven by the NC to the south-west along the continental
slope (Salat, 1996; Millot, 1999). The shelf/slope and nu-
trient-rich Catalan Front are also located here (Estrada &
Salat, 1989; Salat, 1996; Millot, 1999). 

Intermediate total abundance values characterise the last
nineteen samples which complete the locations studied
(red crosses in Fig. 2). Taking into account these interme-
diate values, it would be possible to establish a prelimi-
nary quantification to estimate standard coccolith
palaeoproductivity in the Western Mediterranean.
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Figure 3. Relative abundance (%) distribution map of the different coccolithophore taxa. The colour, in the right-hand column, fluctuates from dark blue
(low values), to green (medium values) and turquoise (high values).



Small placoliths (E. huxleyi, G. aperta and G. ericsonii)
are the dominant taxa in Western Mediterranean coccol-
ith assemblages showing relative abundances which de-
crease as distance to the coast increases (Fig. 3a). Small
placoliths have been considered as ubiquitous taxa (McIn-
tyre & Bé, 1967; Okada & McIntyre, 1979) while their
joint appearance in an assemblage has been reported as
indicative of upwelling conditions or high primary pro-
ductivity periods (Okada & Honjo, 1973; Kleijne et al.,
1989; Wells & Okada, 1997). Taking into account the data
from this study, a link with high nutrient concentrations
can also be suggested, which is consistent with the work
of Bárcena et al. (2004) in the Alboran Sea.

The relationship of Gephyrocapsa with the stratified and
warmer water masses of Atlantic origin was reported by
Knappertsbusch (1993) and Cros (1995) who described G.
oceanica as a tracer for Atlantic surface waters in the
Mediterranean Sea. The distribution of G. oceanica in the
Alboran Sea, close to the Strait of Gibraltar, shows a very
obvious relationship with the inflow of slightly modified
waters of Atlantic origin in accordance with the data of
Knappertsbusch (1993). In addition to this, we also sug-
gest a probable relationship with the dynamics of the
WAG. The distribution of G. muellerae is not coincident
with that of G. oceanica and is probably related to high
nutrient concentrations linked to some of the coastal ed-
dies generated by the AC (eastward 0-2ºE) (Lohrenz et al.,
1988; Moran et al., 2001; Bárcena et al., 2004).

Syracosphaera spp. and Helicosphaera spp. show a very
interesting concentric distribution in the area to north-
west of the Balearic Islands. This concentric distribution
seems to be related to the MAW and the dome-shaped fer-
tilised area, generated by instabilities of the Catalan and
Balearic fronts and characterised by an isopycnal dome
with high oxygen concentrations, low temperatures and
nutrient-rich waters rising with respect to the surrounding
area (Margalef & Estrada, 1987; Estrada & Margalef, 1988;
Font et al., 1988; Estrada & Salat, 1989; Salat, 1996). Syra-
cosphaera spp. has been defined as a ubiquitous genus
(Okada & McIntyre, 1977) inhabiting the middle photic
zone (Weaver & Pujol, 1988; Winter et al., 1994). It has
also been related to water upwelling in Benguela (Gi-
raudeau et al., 1993). Helicosphaera spp. has been de-
scribed in high-productivity waters (Pujos, 1992; Flores et
al., 1995). The increase in abundance of both taxa (Syra-

cosphaera spp. and H. carteri) has been reported under
surface water stratification (Colmenero-Hildalgo et al.,
2004; Álvarez et al., 2005). The Syracosphaera spp. and
Helicosphaera spp. data in the Catalano-Balearic Sea
seem to be related to the isopycnal doming of dense water
between the Catalan and Balearic fronts (Font et al., 1988;
Salat, 1996). However, Helicosphaera spp. was also found
in two further locations: on north eastern side of the
Balearic Islands and in the Alboran Sea, close to the Alme-
ria-Oran Front. In these cases, Helicosphaera spp. seems
to be responding to high chlorophyll concentrations
linked to local upwelling zones (Estrada & Margalef,
1988; Estrada & Salat, 1989,; Sánchez-Vidal et al., 2004).

Rhabdosphaera spp. and Umbilicosphaera spp. were de-
fined as warm-water taxa (Okada & Honjo, 1973; Winter
et al., 1994; Flores et al., 1997). The distribution shown by
the warmer taxa could be specifically related to the MAW
located in the Algerian Basin.

The distribution of F. profunda, with three values higher
than 3% to the south of the Ebro Delta may reflect the in-
fluence of river discharge, which agrees with the observa-
tions of Bárcena et al. (2004); who linked F. profunda to
maximum rainfall and river discharge in the Alboran Sea.

Reworked Cretaceous to Neogene coccoliths have been
identified with relative abundances reaching 9.96 % in
one sample from the south of the Ebro Delta; this percent-
age is higher than those reported by Knappertsbusch
(1993). The distribution of reworked coccoliths shows an
obvious link to terriginous input from the main rivers in
the zone, the Ebro and Rhone, and may provide a very
good proxy for the input of continental elements as previ-
ously reported by Flores et al. (1997) and Colmenero-Hi-
dalgo et al. (2004).

6. CONCLUSIONS

Total abundance coccolith distribution data show areas of
higher (the Balearic Island surroundings with a belt con-
necting to the Gibraltar area) and lower values (Iberian
side of the Catalano-Balearic sea, especially southwards of
the Ebro Delta). Recent MAW is considered to play an im-
portant role, contributing to the development of coccol-
ithophores in the area. The lower total abundances match
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well with the path of the NC current. Terrigenous runoff
could be involved in the dilution of the coccolith signal in
sediments close to the Ebro Delta.

The percentage coccolith distribution data show that: 

1) The small placoliths are the dominant taxa in the coc-
colith assemblages, decreasing in relative abundance
with distance from the coast. This distribution is inter-
preted as related to nutrient concentrations.

2) G. oceanica distribution in the west of the Alboran Sea
is related to the dynamics of the recent MAW and
WAG. G. muellerae distribution in the Algerian Basin
is related to high nutrient concentrations linked to the
coastal eddies generated by the AC.

3) The relative abundance of Syracosphaera spp. and He-
licosphaera spp. in the Catalano-Balearic Sea is linked
to the central divergent structure. However, the distri-
bution of Helicosphaera spp. close to the Balearic Is-
lands and the Almeria-Oran Front is linked to local
upwelling zones.

4) F. profunda distribution close to the Ebro Delta and its
southern proximities could be related to the influence
of river discharge.

5) Higher percentages of Cretaceous to Neogene re-
worked coccoliths were located mainly in areas of ter-
rigenous river runoff. 

From the results of this biogeographic study it can be seen
that the general distribution of coccoliths, understood as
synoptic remains of past environmental events, can be
basic useful tools for other disciplines related to marine
resources.
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