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Quantitative analyses on calcareous nannofossil assemblages on high temporal resolution (600—800
years) have been carried out from Core KCO1B in the Ionian Sea (Eastern Mediterranean) throughout
Marine Isotope Stage (MIS) 13—9, between 500 and 300 ka. This is an interval of considerable climate
changes, known as the Mid-Brunhes event, which includes MIS 11, considered as a possible analogue for
future interglacial conditions. In the Mediterranean core, the interval is characterized by the dominance of
Gephyrocapsa spp., as also known from ocean records. Calcareous nannofossil abundance fluctuations have
been interpreted in terms of modification of sea surface primary productivity/water stratification and
temperature. Specifically, the increase in abundance of Gephyrocapsa caribbeanica and small Gephyrocapsa
coupled with decreases of Florisphaera profunda, Syracosphaera spp. and Rhabdosphaera spp. suggests
enhanced primary productivity/mixed surface waters during interglacial stages and at the Terminations,
which can be interpreted in terms of interaction between climate changes and mesoscale oceanographic
circulation. On the other hand, distributions of Calciosolenia spp., Oolithotus spp. and Umbilicosphaera
sibogae, which are in phase with 3'80 curve showing higher abundances at the lighter values of the marine
isotope record, are considered as warm-water indicators.

Biotic proxies point to peculiar climate dynamics through the MIS 12—11 transition (i.e. Termination V).
High productive, cool, low salinity and turbid surface waters characterize the early MIS 11 (421408 ka)
and likely reflect enhanced continental humidity/monsoon activity over North Africa and increased runoff
into the basin. A late surface water warming with respect to Termination V is established at about 403 ka,
during a period of low insolation forcing, almost coeval with the deposition of sapropel S11. A climate
optimum, lasting about 15 ky (403—389 ka), is then recorded during a period of low insolation forcing
centred at 398 ka. The later part of MIS 11 is characterized by climate deterioration at about 389 ka.
Comparison with results from subtropical to polar Atlantic records suggests a remarkable relation between
Mediterranean and Atlantic climate regimes.

© 2011 Elsevier Ltd and INQUA. All rights reserved.

1. Introduction

Calcareous nannofossil assemblages have been analysed at the
Eastern Mediterranean Core KCO1B (lonian Sea) through Marine
Isotope Stages (MIS) 13—9, between 500 and 300 ka. This time interval
includes the Mid-Brunhes Event (MBE, Jansen et al., 1986), a period of
significant climate modification and perturbation of the global ocean
carbon system. It is characterized by enhanced warmth during inter-
glacial phases after MIS 13 (EPICA community members, 2004; Jouzel
et al.,, 2007), an increase in atmospheric CO, at levels similar to the
pre-industrial Holocene (Siegenthaler et al., 2005), large accumulation
of neritic and pelagic carbonate at low and high latitude (Howard and
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Prell, 1994; Howard, 1997; Shipboard Scientific Party, 1997; Hodell
et al, 2000), and overall poor carbonate preservation (Crowley,
1985; Droxler et al., 1988, 1997; Wu et al., 1991; Bassinot et al., 1994;
Droxler and Farrell, 2000; Hodell et al., 2000). A dominance of the
genus Gephyrocapsa among calcareous nannofossils have been also
documented in this interval (Bollmann et al,, 1998; Baumann and
Freitag, 2004) and suggested as a possible cause of the enhanced
pelagic carbonate production (Barker et al., 2006).

The MIS 12—11 transition (Termination V) is part of this peculiar
interval and represents the largest amplitude change in the marine
isotope composition of the last 5 Ma (Droxler and Farrell, 2000;
Droxler et al., 2003). In addition, MIS 11 is known as an unusually long-
lasting interglacial (Petit et al., 1999; Hodell et al., 2000; McManus
et al, 2003; Masson-Delmotte et al., 2006; Jouzel et al., 2007).
Several studies have focused on MIS 11 as a potential analogue of the
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Holocene, due to the similar atmospheric composition and orbital
configuration characterized by low eccentricity and weak precession
forcing (e.g. Loutre and Berger, 2003; EPICA community members,
2004; Ruddiman, 2005). Therefore, it is considered a suitable
candidate to predict the natural evolution of the present interglacial.
During MIS 11, sea level has been suggested to be up to 20 m above the
current level (Hearty et al., 1999; Kindler and Hearty, 2000) or close
to the Holocene highstand (Rohling et al., 2009; Bowen, 2010). Other
controversies still remain on the magnitude of the warming of this
interglacial and on the real analogy of the climate conditions between
MIS 11 and the Holocene (Bauch et al., 2000; Hodell et al., 2000; Bauch
and Erlenkeuser, 2003; Helmke and Bauch, 2003; de Abreu et al.,
2005; Kandiano and Bauch, 2007; Helmke et al, 2008; Rohling
et al, 2010).

In order to improve the temporal and spatial paleoenvironmental
framework during this important climate interval, calcareous nan-
nofossil assemblages were analysed in high temporal resolution,
from a key Eastern Mediterranean marine archive. The Mediterra-
nean Basin, due to its peculiar physiography, is particularly sensitive
to record climate perturbations. It is a landlocked semi-enclosed
basin which resides at the transition between the subtropical
and high/mid-latitude atmospheric systems. Its climate conditions
depend on the latitudinal shift between the influence of temperate
westerlies that dominate over central and northern parts of Europe,
and the atmospheric subtropical high pressure belt over North
Africa (Boucher, 1975; Lolis et al., 2002). Due to its mid-latitude
position, the Mediterranean region is also a key location to investi-
gate climatic connections between high and low latitudes. The
studied core represents a reference marine record for the Mediter-
ranean and specifically for planktonic foraminifera 3'®0 isotope
chronology, and for the sapropel-tuned astronomical timescale for
the last 1.1 Ma (Lourens, 2004).

Coccolithophorids are one of the dominant phytoplankton
components in the lonian Sea (Malinverno et al, 2003). They
represent the main contributor to the biogenic carbonate flux in the
central Eastern Mediterranean (Ziveri et al., 2000) and are abundant

in the surface sediments (Knappertsbusch, 1993). The composition
of the assemblage reflects characteristics of surface water such as
temperature, nutrient content, salinity and turbidity (McIntyre and
Bé, 1967; Brand, 1994; Winter et al., 1994) and therefore represents
a valuable tool to describe modifications in surface water features.
However, knowledge on the ecological behaviour of different species
is still not well established and mostly concerns oceanic areas.
Quantitative patterns of middle Pleistocene calcareous nannofossils
are presented in the attempt to improve paleoecological meaning
of some of the taxa in the investigated area and provide paleo-
environmental reconstruction during a key climate interval.

The calcareous nannofossil results presented in this paper
represent part of an ongoing multidisciplinary project based on both
biotic and abiotic proxies which has the final goal to provide a high
resolution paleoclimate frame in the Ionian Sea during a period
of significant climate variability. The acquired data represent the
first high temporal resolution calcareous nannofossil data-set in the
Mediterranean Sea during this key climate interval.

2. Oceanographic setting

The Mediterranean is a landlocked marginal sea connected to
the Atlantic Ocean through the narrow Strait of Gibraltar (Fig. 1). It is
composed of two sub-basins, Western and Eastern Mediterranean,
connected by the Strait of Sicily. The negative fresh-water and
heat budget force its anti-estuarine thermohaline basin scale
circulation that results in nutrient-poor surface inflow and saltier,
nutrient-richer deeper water outflow through the straits of Gibraltar
(Bethoux et al.,, 1992). The Atlantic Water (AW) enters into the
Mediterranean through the Strait of Gibraltar and travels eastward
as Modified Atlantic Water (MAW) which is restricted to a surface
layer about 200 m thick. As it spreads eastward throughout the
basin, it becomes saltier due to continued evaporation (Wiist, 1961;
Malanotte-Rizzoli and Hecht, 1988). A combination of heat loss
and evaporation in surface waters creates vertical convection and
the consequent formation of Levantine Intermediate Water (LIW)
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Fig. 1. Location map of Core KCO1B and mesoscale surface water circulation features of the lonian Sea (modified from Malanotte-Rizzoli et al., 1997). Other cores discussed in the
text are also indicated. AIS: Atlantic-lonian Stream; MAW: Modified Atlantic Water; IA: Ionian Anticyclones; MIJ: Mid lonian Jet.
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(Malanotte-Rizzoli and Hecht, 1988; Lascaratos et al., 1993) which
flows westward in an intermediate layer between 200 and 600 m
(Mediterranean Intermediate Water — MIW) and forms the main
component of the salty Mediterranean outflow water. The Western
and Eastern basin each have their own source of deep water (Eastern
and Western Mediterranean Deep Water — EMDW and WMDW),
which resides below the MIW. On a sub-basin scale, the present-day
Eastern Mediterranean general circulation of the upper thermocline
is characterized by energetic jets, meandering currents and gyres
(Malanotte-Rizzoli and Bergamasco, 1991; Robinson et al.,, 1991;
POEM Group, 1992; Malanotte-Rizzoli et al., 1999) having seasonal
and interannual wind forcing variability (Pinardi and Navarra, 1993;
Molcard et al., 2002). The MAW enters into the Eastern basin through
the Strait of Sicily (Fig. 1) carried by the Atlantic-lonian stream (AIS)
jet-like current (Malanotte-Rizzoli et al., 1997). After entering the
Strait of Sicily, the AIS describes a strong meander that protrudes
northward into the Ionian Sea. One branch of the AIS turns south-
ward and envelops a broad antyciclonic area (Ionian Anticyclone —
IA); the other branch extends northward and then turns southward
crossing meridionally the lonian Sea (Fig. 1). Mesoscale eddies
and meanders also occur and interact with the sub-basin scale
circulation. The AIS, entering through the Sicily Straits, has a more
southward route during winter, while protrudes northward into the
Ionian interior during summer (Malanotte-Rizzoli and Bergamasco,
1991; Robinson et al, 1992; Robinson and Golnaraghi, 1993).
However, complex dynamics of the AIS at the entrance of the
Ionian Sea and a seasonal and interannual variability in the ampli-
tude, strength and location of the gyres have been inferred from both
historical in situ and satellite observations and modelling studies
(e.g. Robinson et al., 1992, 1999; Roussenov et al., 1995; Malanotte-
Rizzoli et al., 1997; Astraldi et al.,, 1999; Lermusiaux and Robinson,
2001; Fusco et al., 2003; Pinardi et al., 2006). In addition, complex
meteorological, oceanic and hydrological phenomena are believed
to modify the deep water source in the Eastern Mediterranean,
causing the genesis of the Eastern Mediterranean Transient (Roether
etal., 1996; Klein et al., 1999; Malanotte-Rizzoli et al., 1999) and thus
affecting the circulation of the intermediate and deep layers.

With regards to the trophic regimes, the Mediterranean Basin
has a well recognized oligotrophic nature (Sournia, 1973), more
pronounced in its eastern part (Krom et al., 1991, 2003). Besides the
general oligotrophic pattern, mesoscale features may affect biological
processes (e.g. Estrada, 1996). Seasonal variability is well recognized:
mesotrophic conditions develop during winter as a result of vertical
mixing or coastal upwelling which provide vertical transport of
nutrients into the photic zone; on the other hand, the oligotrophic
regime prevails in the summer season due to stable thermal strati-
fication and deepening of summer thermocline (Krom et al., 1992,
1993; Crispi et al, 1999; Allen et al,, 2002; Siokou-Frangou et al.,
2010). Modification in the vertical distribution of water masses is
also known to be responsible of the rising of the nutricline depth
within the euphotic layer (Klein et al., 1999) with possible influence
on biological productivity.

3. Core material and chronology

The piston Core KCO1B (37.04 m long) was recovered from
the southern Calabrian Ridge (lonian Basin, 36°15.25'N, 17°44.34’E,
3643 m water depth) during cruise MD69 of the French R/V Marion
Dufresne in 1991. The lithology consists of hemipelagic marls
with interbedded sapropels, tephra and turbidite sandy layers
(Castradori, 1993; Sanvoisin et al., 1993; Langereis et al., 1997).

The time-frame of the core was initially based on the astro-
nomical calibration of sapropels by Langereis et al. (1997). An
independent age model, based on the marine isotope record, was
then proposed by Rossignol-Strick et al. (1998). Afterwards, Lourens

(2004) established an improved sapropel-tuned age model of the
core based on high resolution colour reflectance correlation with
Ocean Drilling Project (ODP) Site 964. The latter tuning resulted in a
revised chronology of the marine isotope record of Rossignol-Strick
et al. (1998) which fits well with other Mediterranean and open
ocean marine isotope records (Fig. 2) and has been adopted in the
present study through MIS 13—9. In the investigated interval, the
new isotope chronology of Core KCO1B highlights a notable pattern
of the 3'80¢. ruper during MIS 12 (Lourens, 2004): a strong depletion
in the 8'®0¢. uper, previously included in MIS 11 (Rossignol-Strick
et al., 1998), occurs during the glacial stage and represents
the interstadial stage 12.3 (Fig. 2). This marine isotope excursion,
which is absent in global ice volume records, most likely reflects
an episode of decreased sea surface water salinity caused by fresh
water supply, suggesting peculiar circum-Mediterranean climate
changes during glacial conditions (Lourens, 2004).

4. Method

Calcareous nannofossils have been analysed from 298 samples
through the sections 15—21 of Core KC01B between 1584.5 cm and
2241.5 cm cpd (corrected piston depth). Sample spacing was about
2 cm in order to obtain approximately a temporal resolution of
one sample per 600—800 years. Simple smear slides were prepared
from unprocessed samples according to the standard technique
(Bown and Young, 1998) and analysed under a polarized light
microscope at a magnification of 1000 x. Quantitative analyses have
been performed by counting about 300 nannofossils >3 pm in
size in a variable number of fields of view. In the same fields of
view needed for counting 300 nannofossils >3 pm, abundances
of nannofossils <3 pum, which include small placoliths (small
Gephyrocapsa and reticulofenestrids <3 um) and holococcoliths,
have been counted separately, following Flores et al. (2000a). The
two different counting methods have been applied as small- and
medium-sized gephyrocapsids are the dominant component of the
assemblages, and therefore a single count of the total assemblage
may had prevented the identification of those taxa (i.e. Calciosole-
nia, Helicosphaera, Syracosphaera, Rhabdosphaera, Umbilicosphaera
and Oolithotus) having lower abundance in the assemblage,
although valuable as tools for paleoenvironmental interpretations.

In addition, due to their peculiar deep-photic habitat, Florisphaera
profunda and Gladiolithus flabellatus have been also evaluated in this
separate counting (Matsuoka and Okada, 1989; Castradori, 1993),
as well as reworked taxa. Consequently, a total of about 600—700
nannofossils has been considered in each sample. Abundances of
nannofossils >3 um have been plotted both as percentages with
respect to the total nannofossil assemblage and to 300 nannofossils
>3 pum in order to compare different counting procedures. In order to
estimate diversity of the total assemblage, the Shannon—Weaver
index was computed using PAST (PAleontology STatistic) software
(Hammer et al., 2001).

A multivariate statistical analyses using Principal Component
Analysis (PCA) as extraction method was carried out in order to
clarify the relationship between coccolith distribution and paleo-
environmental variables. The software StatView 5.0.1 for Windows
was used for this procedure. The data sets contain percentage
in abundance of the most common taxa with respect to the total
nannofossil assemblage. The abundances of Pseudoemiliania lacu-
nosa has been omitted since its distribution is stratigraphically
controlled. In addition, those taxa which are present only sporad-
ically in the counting (see below) have also been excluded.

The well known N ratio paleoproductivity proxy has been also
considered, following Flores et al. (2000a) and compared with other
paleoenvironmental signals obtained in the present study. The N
ratio has been calculated according to the function
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Fig. 2. Marine isotope planktonic record at the Eastern Mediterranean Core KCO1B through MIS 13—9 according to Rossignol-Strick et al. (1998) recalibrated by Lourens (2004).
Western Mediterranean planktonic 3'30 record at Site 975 and benthic stacked oceanic record are also shown for comparison. Grey bands indicate interglacial intervals and are

traced according to marine isotope chronology of Lisiecki and Raymo (2005).

N = R/(R+F)

where R is % of small placoliths, and Fis % of E. profunda. High values
in the N index (values closer to 1) indicate upwelling and shallow
nutricline/thermocline position while low values (values closer to 0)
imply weak upwelling and relatively deep nutricline/thermocline
position.

With regards to taxonomic criteria, a complete list of the taxa
considered in this study is included in the Appendix. In addition, the
morphological features adopted in this study for the gephyrocapsids,
whose terminology is often confusing, is reported in Table 1, together
with equivalences of Gephyrocapsa species and morphotypes
adopted by other authors.

Table 1

5. Results
5.1. Biostratigraphy

The stratigraphic interval investigated in the present paper
falls within Martini's (1971) Standard Zones NN19 and NN20. It is
also correlated with the Gephyrocapsa caribbeanica Acme Zone
(Weaver, 1993; Hine and Weaver, 1998), an interval dominated by
G. caribbeanica and defined at the base by the reduction in abun-
dance of small Gephyrocapsa (mainly Gephyrocapsa aperta and small
specimens of G. caribbeanica plus other small Gephyrocapsa spp.)
and at the top by the base of the G. aperta Acme. This zone spans the
interval from the lower part of MIS 8 to 15 (Weaver, 1993).

Taxonomic criteria adopted for gephyrocapsids and equivalence with species and morphotypes adopted by other authors (mainly adopted by Flores et al., 2000b and Baumann

and Freitag, 2004).

This study small Gephyrocapsa G. oceanica G. caribbeanica G. margereli|G. muellerae
Maximum coccolith lengh <3 um 3.5—5.5 um >3 um 3—4 um

Bridge angle / >50° Closed central area <40°/<25°

Author equivalence

Bréhéret (1978) G. ericsonii, G. aperta G. oceanica G. caribbeanica G. margereli|G. muellerae
Samtleben (1980) Several species G. oceanica G. caribbeanica G. margereli/G. muellerae

Raffi et al. (1993)
Weaver (1993)

Pujos and Giraudeau (1993)
Bollmann (1997)

Flores et al. (2000b)
Baumann and Freitag (2004)

small Gephyrocapsa

G. aperta, small G. caribbeanica
and small Gephyrocapsa spp.
small Gephyrocapsa
Gephyocapsa minute

small Gephyrocapsa
G. ericsonii, G. aperta

medium Gephyrocapsa spp.

“open” Gephyrocapsa
Gephyrocapsa equatorial
Gephyrocapsa large

G. oceanica

G. oceanica

G. caribbeanica s.1.
“closed” Gephyrocapsa
Gephyrocapsa oligotrophic

G. caribbeanica
G. caribbeanica

small Gephyrocapsa

Gephyrocapsa
transitional/Gephyrocapsa cold
—/G. muellerae

G. margereli/G. muellerae
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Biostratigraphic features of Core KCO1B have been widely dis-
cussed by Castradori (1993) and are not the main focus of the present
paper. However, in the investigated interval, the Last Occurrence
(LO) of P. lacunosa, a widely documented bioevent, has been detec-
ted, and therefore the updated biochronology of the event at the
core is here provided. As shown in Fig. 3, the taxon has a significant
decrease in abundance during MIS 12 where the LO event defines
the NN19/NN20 zonal boundary. It has an age of 0.465 Ma which is in
good accordance with Eastern Mediterranean records where the
event has been dated at 0.467 Ma (Raffi et al., 2006). Above the LO
event, a tail of rare and scattered occurrences of the taxon is recorded
up to the top of the studied interval, considered as due to reworking.
From a stratigraphic point of view, in addition to P. lacunosa, the
distribution of Helicosphaera inversa appears quite significant. This
taxon is mostly restricted to MIS 11, with only very rare occurrences
during MIS 12. The distribution of this species is poorly known from
oceanic records and is still unknown in the Mediterranean area.
First Appearance Datum (FAD) and Last Appearance Datum (LAD) of
the species have been dated at 0.48 and 0.15 Ma respectively as
proposed by Takayama and Sato (1987) and Sato and Takayama
(1992). Different ages and distributions have been also recorded by
Matsuoka and Okada (1989), Hine and Weaver (1998) and Marino
et al. (2003). According to the results (Fig. 3) H. inversa only occurs
from 0.450 to 0.371 Ma, although a more continuous distribution
is limited to MIS 11. Further investigations on the distribution
of H. inversa may be constructive in future studies in order to test
the possible utility of this taxon as a marker species within the
Mediterranean.

5180 (% VPDB)

5.2. Calcareous nannofossil assemblage

Assemblage preservation is variable from excellent to slightly
etched, following the classification of Bown and Young (1998).
Dissolution phenomena have been observed mostly in samples
within glacial phases (Fig. 4) and are mostly observed in the central
areas of a few specimens. Among the most abundant taxa are small
placoliths, G. caribbeanica, Gephyrocapsa margereli/muellerae and
E profunda (Fig. 4). Small placoliths generally constitute 25—30% of
the assemblage and show several short amplitude fluctuations.
E profunda is quite significant in the assemblage with abundances of
about 25%. The taxon shows distinct decreases at MIS 12—11 and MIS
10—9 transitions where it reaches abundances lower than 10%,
generally ranging between 3 and 5%. G. caribbeanica represents an
important component of the assemblage, having abundances which
may also reach 50%. The taxon displays a peculiar distribution pattern
showing major abundances during interglacials and at the MIS 12—11
transition (Fig. 4). G. margereli/muellerae occurs continuously through
the interval (about 25% in abundance). Within this group, the
most abundant specimens consist of Gephyrocapsa 3—4 pum with
bridge angle between 25° and 40° (mostly close to 40°) and therefore
belonging to G. margereli (Table 1, Fig. 7). However, rare specimens of
Gephyrocapsa muellerae, having bridge angles <25° (Table 1), also
occur (Fig. 7) although they are not easily distinguishable under the
polarized light microscope. The investigated interval is a period of
evolutionary change between G. margereli and G. muellerae
(Samtleben, 1980) and this may further prevent the unambiguous
recognition of the two species: G. muellerae becomes dominant in the
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Fig. 3. Quantitative patterns of stratigraphic relevant taxa at Core KCO1B plotted versus age. LO: Last Occurrence. Chronology of sapropel (S10-Sa) and tephra (120—127) layers are
according to Lourens (2004). Grey bands indicate interglacial intervals and are traced according to marine isotope chronology of Lisiecki and Raymo (2005).
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Fig. 6. Light microscope photographs of selected calcareous nannofossil species. PL-parallel light, XP-crossed polarized light. Scale bar represents 5 um. 1-2: Coccolithus pelagicus
azorinus Parente and Cachdo, in Parente et al., 2004. KC01B, 1696,64 cm; 1, PL; 2, XP. 3—4: Coccolithus pelagicus braarudii (Gaarder, 1962) Geisen et al., 2002. KC01B, 1696,64 cm; 3,
PL; 4, XP. 5—6: Coccolithus pelagicus pelagicus (Wallich, 1877) Schiller, 1930. KC01B, 1696,64 cm; 5, PL; 6, XP. 7—8: Calcidiscus leptoporus (Murray and Blackman, 1898) Loeblich and
Tappan, 1978. KC01B, 2099 cm; 7, PL; 8, XP. 9—10: Helicosphaera carteri (Wallich, 1877) Kamptner, 1954. KC01B, 1696,64 cm; 9, PL; 10, XP. 11—12: Discosphaera tubifera (Murray and
Blackman, 1898) Ostenfeld, 1900. KCO1B, 2099 cm; 11, PL; 12, XP. 13—14: Rhabdosphaera clavigera Murray and Blackman, 1898. KC01B, 2099 cm; 13, PL; 14, XP. 15—-16: Rhabdosphaera
clavigera var. stylifera (Lohmann, 1902) Kleijne and Jordan, 1990. KC01B, 2099 cm; 15, PL; 16, XP. 17—18: Umbilicosphaera sibogae (Weber-van Bosse, 1901) Gaarder, 1970. KCO1B,
2099 cm; 17, PL; 18, XP. 19—20: Umbilicosphaera hulburtiana Gaarder, 1970. KC01B, 2099 cm; 19, PL; 20, XP. 21: Florisphaera profunda Okada and Honjo, 1973. KCO1B, 2099 cm; XP. 22:
Gladiolithus flabellatus (Halldal and Markali, 1955) Jordan and Chamberlain, 1993. KCO1B, 2099 cm; XP. 23—24: Pseudoemiliania lacunosa (Kamptner, 1963) Gartner, 1969. KC01B,
2099 cm; 23, PL; 24, XP.
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Fig. 7. Light microscope photographs of selected calcareous nannofossil species. PL-parallel light, XP-crossed polarized light. Scale bar represents 5 um. 1—2: Gephyrocapsa margereli
Bréhéret, 1978. KCO1B, 2099 cm; 1, PL; 2, XP. 3—4: Gephyrocapsa caribbeanica Boudreaux & Hay, in Hay et al., 1967. KCO1B, 2099 cm; 3, PL; 4, XP. 5—6: Gephyrocapsa muellerae
Bréhéret, 1978. KCO1B, 2099 cm; 5, PL; 6, XP. 7—8: Calciosolenia, Gran 1912; emend. Young et al., 2003. KCO1B, 2099 cm; 7, PL; 8, XP. 9—10: Oolithotus antillarum (Cohen, 1964)
Reinhardt, in Cohen and Reinhardt 1968. KC01B, 1614,5 cm; 9, PL; 10, XP. 11—12: Syracosphaera pulchra Lohmann, 1902. KC01B, 1614,5 cm; 11, PL; 12, XP.

Mediterranean (Incarbona et al.,, 2009) and in the Atlantic (Flores
et al.,, 2003) not before MIS 6. Reticulofenestra spp. are recorded as
common taxa in the assemblages with abundances generally ranging
between 10 and 20%. Increases in abundance are mainly recorded
during intervals of glacial phases. Syracosphaera spp. (Syracosphaera
histrica and Syracosphaera pulchra) and Rhabdosphaera spp. (Rhab-
dosphaera clavigera and Rhabdosphaera stylifera) are commonly
recorded throughout the studied interval and constitute nearly 5%
and less than 5% of the assemblage, respectively (Fig. 4). Syr-
acosphaera spp. and Rhabdosphaera spp. have comparable abundance
patterns and generally increase during glacial intervals. Helicosphaera
carteri, having abundances generally lower than 5%, has a distinct
increase at the lower part of MIS 11 and at the MIS 10—9 transition,
reaching abundance of about 10% (Fig. 4). Taxa with subordinate
abundances (often <3%) are Calciosolenia spp., Umbilicosphaera
sibogae (U. sibogae sibogae and U. sibogae foliosa), Oolithotus spp.
(Oolithotus antillarum, Oolithotus fragilis), Calcidiscus leptoporus, Dis-
cosphaera tubifera, Umbilicosphaera hulburtiana, Coccolithus pelagicus
pelagicus, Holococcoliths, G. flabellatus (Fig. 5). Trends in the abun-
dance patterns of Calciosolenia spp., U. sibogae, Oolithotus spp., on the
whole, are quite comparable and exhibit higher abundances during
interglacials: particularly, these taxa become very rare or absent
during the lower part of MIS 11 (Fig. 5). Holococcoliths, although
generally rare in the assemblages, present distinct higher abun-
dances during glacials, as also noted in the distribution patterns of
Syracosphaera spp. and Rhabdosphaera spp. Specimens with abun-
dances often <1% and only sporadically encountered have not been
plotted, and are represented by C. leptoporus small type (3—5 pum),
Calcidiscus quadriperforatus (8—10 um), C. pelagicus braarudii
(10—13 pm), C. pelagicus azorinus (14—16 pm) (Fig. 6), Ceratolithus

spp., various helicoliths other than H. carteri (Helicosphaera hyalina,
Helicosphaera pavimentum, Helicosphaera wallichii), Gephyrocapsa
oceanica, Neosphaera coccolithomorpha, Pontosphaera spp., Scyphos-
phaera spp., and Umbellosphaera spp. Extinct taxa, mainly consisting
of Cretaceous-Paleogene species, occur all through the studied
interval. Their abundances are considered an estimation of rework-
ing, generally representing less than 1% of the assemblage, although
occasionally reaching about 5% (Fig. 5). Reworking peaks seem to
match abundance patterns of C. pelagicus pelagicus, which may
suggest a relation of the taxon with reworking process possibly due to
the robustness of this species.

The Shannon-Weaver Index reveals that in Core KCO1B the pattern
of diversity exhibits several short-term fluctuations, commonly
varying between 2 and 1.8 (Fig. 8). However, in distinct intervals,
more pronounced shifts are observed with clear decreasing trends
occurring in the lowermost part of MIS 13—11, reaching minimum
values of 1.2—1.5.

6. Discussion

The composition of calcareous nannofossil assemblage recognized
in Core KCO1B, with special regards to the most abundant species,
appears well comparable to that recorded in surface sediments of the
lonian Sea from Knappertsbusch (1993), who recorded Emiliania
huxleyi as the dominant taxon followed, in terms of abundance,
by E profunda. E. huxleyi, the modern representative of the family
Noelaerhabdaceae, whose first occurrence is dated at 0.265 Ma
(Raffi et al., 2006), does not occur in the studied interval. On the other
hand, the assemblage is largely dominated by the related middle
Pleistocene species belonging to the family Noelaerhabdaceae and
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particularly by small- and medium-sized gephyrocapsids. E profunda
is also a common taxon in the identified assemblage. Among
gephyrocapsids, the very low abundance of G. oceanica at Core KCO1B
is in accordance with the smaller proportions of this taxon in
surface sediments and waters of the Eastern Mediterranean than in
the western basin (Knappertsbusch, 1993; Malinverno et al., 2003).
Frequent occurrences of Syracosphaeraceae and Rhabdosphaeraceae,
although never abundant, rare occurrences of C. pelagicus pelagicus,
H. carteri and C. leptoporus and quite subordinate abundance of deli-
cate taxa such as Calciosiolenia spp., Oolithotus spp., and U. sibogae
appear also as a feature of the coccolith assemblage of the Ionian
surface sediments and waters. Therefore, the recognized assemblage
can be valuable for reconstructing surface water features at time of
sediment deposition through MIS 13—9. With respect to previous
results on the fossil assemblages from coeval intervals, the consider-
able abundance of G. caribbeanica and of G. margereli/muellerae is
highly consistent with the global dominance of “Gephyrocapsa
Oligotrophic” and of “Gephyrocapsa Transitional” during MIS 13—9
(Bollmann et al., 1998). On the other hand, the distribution through
time of several taxa in Core KCO1B appears rather complex, probably
as the result of peculiar local conditions of surface waters during
glacial-interglacial phases. For instance, abundance fluctuations of
Syracosphaera spp., Rhabdosphaera spp., Calciosolenia spp., Oolithotus
spp., U. sibogae, in spite of their common preference for warm and
oligotrophic surface waters (Winter et al., 1994; Ziveri et al., 1995,
2004; Baumann et al., 2004; Boeckel and Baumann, 2004; Saavedra-
Pellitero et al., 2010), display a rather divergent quantitative behav-
iour (Figs. 4 and 5). Among these taxa, the increase in abundance of
Syracosphaera spp. and Rhabdosphaera spp. observed during glacial
stages appears unusual.

6.1. Primary productivity proxies

In order to make more clear the relationship between coccoli-
thophorids and paleoenvironmental conditions at the studied core,
a multivariate statistical analyses, by means of Principal Component
Analysis (PCA), has been performed using percentages in abundance
of taxa as variables in the input matrix. Only the 1st component,
which explains 29.1% of the total variance, has been considered,
as the 2nd component is of rather doubtful interpretation due to the
very low variance (15.3%). The 1st component (Table 2) group,
together G. caribbeanica and small placoliths with high negative
component loadings, and E profunda, Syracosphaera spp. and
Rhabdosphaera spp. with high positive component loadings.

The ecological preferences of G. caribbeanica are not very well
established. Bollmann (1997), who includes G. caribbeanica in the

Table 2
Loadings of calcareous nannofossil taxa on the first principal component at
Core KCO1B. The most relevant component loadings are indicated in bold.

Taxa Factor 1
Calciosolenia spp. 0.460
Discosphaera tubifera 0.603
Gephyrocapsa caribbeanica —0.809
Gephyrocapsa margereli/muellerae 0.403
Helicosphaera carteri 0.011
Reticulofenestra spp. 0.360
small placoliths —0.424
Florisphaera profunda 0.748
Holococcoliths 0.422
Syracosphaera spp. 0.827
Rhabdosphaera spp. 0.654
Umbilicosphaera sibogae -0.114
Oolithotus spp. 0.024

C. leptoporus (5—8 pm) —0.043

Method: Principal Component Analysis.

“Gephyrocapsa Oligotrophic” morphotype, indicates for the taxon
a preference for warm and oligotrophic conditions. According to
more recent literature (Bollmann et al., 1998; Flores et al., 1999;
Baumann and Freitag, 2004; Baumann et al., 2004; Lopez-Otalvaro
et al, 2008), the heavily calcified G. caribbeanica is considered
as the most important producer of carbonate content through
MIS 14—8. Furthermore, L6pez-Otalvaro et al. (2008) suggest that the
increases in abundance of G. caribbeanica can be considered a proxy
of high paleoproductivity. In Core KCO1B, the positive correlation
between G. caribbeanica and small placoliths and negative correla-
tion with E profunda, Syracosphaera spp. and Rhabdosphaera spp.
seems to support this last hypothesis. It is well known that small
placoliths, which inhabit the upper photic zone, can be considered
a proxy of upwelling intensity (Gartner, 1988; Okada and Wells, 1997;
Takahashi and Okada, 2000) or of high productivity conditions of
surface waters (Gartner et al., 1987; Gartner, 1988; Takahashi and
Okada, 2000; Colmenero-Hidalgo et al., 2004; Flores et al., 2005).
On the other hand, the negative relationship between abundances
of the deep dwelling taxon F. profunda and primary productivity of
surface water and intensity of upwelling is documented (e.g. Beaufort
et al., 1997, 2001; Jordan et al.,, 1996; Ziveri and Thunell, 2000).
The taxon benefits from seasonal stratification, lower surface water
productivity and a deep nutricline (Molfino and McIntyre, 19903, b;
McIntyre and Molfino, 1996; Beaufort et al., 1997; Henriksson, 2000).
Syracosphaera spp. and Rhabdosphaera spp., which, together with
E profunda, are the main species contributing positively to factor 1
(Table 2), and also have affinities for nutrient depleted and stratified
surface waters. Consequently, it is reasonable to assume that the
1st component is indicative of productivity and/or mixing in surface
waters. If this is the case, the factor 1 score plot through time (Fig. 8)
suggests more productive/mixed surface waters during the early
part of MIS 11 and MIS 9. The fluctuations of diversity strongly
parallel the pattern of productivity (Fig. 8) as a response of r-selected
species behaviour during more productive surface water conditions
(Young, 1994; Bown et al., 2004). In addition, the pattern of factor
1 is well comparable with the profile of the N index, a valuable
paleoproductivity proxy as shown by several studies which used
E profunda in the paleoproductivity ratio (Beaufort et al., 1997, 2001;
Flores et al., 2000a; Colmenero-Hidalgo et al., 2004; Maiorano et al.,
2009). In particular, it shows higher values during MIS 13 and in
the early part of MIS 11 and MIS 9 when the occurrence of a shallow
nutricline/thermocline position can be inferred. The coccolitho-
phores are among the most important primary producers of the
ocean, and their present-day production in the lonian Sea is generally
known to be higher in autumn-winter (Rabitti et al., 1994;
Malinverno et al., 2003), thus reflecting the general seasonal trophic
regime of the area. On the other hand, significant variability is known
from sedimentary records, which highlight discrepancies with
the general cold/high productive and warm/low productive system.
Some examples come from the Western Mediterranean, where
increases in primary productivity have been recorded in the Alboran
Sea during the warm interstadials of the last glacial period and the
Holocene (Colmenero-Hidalgo et al., 2004; Moreno et al, 2005)
related to an increased gyre-induced upwelling. Furthermore, in the
Balearic Basin the highest coccolith concentration is recorded during
warm interglacials of the last 100 ka (Flores et al.,, 1997) as a result of
the intensification in the Atlantic water influx and Catalonia-Balearic
frontal system. Anomalous decreases in productivity during late
Pleistocene cooling events are recorded in the central Mediterranean
(Incarbona et al., 2008).

The trend of productivity as inferred in Core KCO1B seems to
support a complex climate-productivity dynamic possibly influ-
enced by hydrodynamic variability in the Ionian Basin. Taking into
consideration the core site (Fig. 1) located near the periphery of the
present-day Ionian Anticyclonic gyre, it is possible to hypothesise
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that the increased productivity during interglacials may reflect
a local response to a strengthen Atlantic Ionian Stream and related
dynamic activity of mesoscale features (meanders and eddies).
These features may have perturbed surface water stratification,
favouring nutrient supply and primary production at the core
location. As observed in several areas of the Mediterranean Sea, the
variability in mesoscale hydrographic features such as eddies may
locally influence biological productivity (e.g. Estrada, 1996; Moran
et al.,, 2001; Christaki et al., 2011). Increases in coccolithophores
productivity are also documented in the western basin during
interglacial periods of the Late Pleistocene and related to the
instability of the incoming jet of Atlantic water (Flores et al., 1997;
Colmenero-Hidalgo et al., 2004).

The distinct productivity pattern at the early MIS 11 and MIS 9
deserves further attention. The productivity increases are also
accompanied by intervals of increased abundance of H. carteri (Fig. 8),
which is well consistent with moderately elevated nutrient surface
water conditions (Ziveri et al., 1995, 2000; Andruleit and Rogalla,
2002; Findlay and Giraudeau, 2002; Ziveri et al., 2004). Peaks of
H. carteri are also reported at terminations through MIS 1—-14 in the
Southern Ocean (Flores et al., 2003). In addition, it is noteworthy that
in the Mediterranean Sea, the increases of H. carteri, which has been
observed during Heinrich events, have been also related to fresher
and more turbid upper layer (Colmenero-Hidalgo et al., 2004).
Therefore, higher fresh water discharge due to enhanced local river
runoff may have also played an important role at the core location at
the early part of MIS 11 and 9.

6.2. Warm-water proxies

As discussed above, according to several authors Syracosphaera
spp., Rhabdosphaera spp., Calciosolenia spp., Oolithotus spp., U. sibo-
gae, share a common ecological preference for warm and oligotro-
phic surface waters. However, in the studied core the patterns of

Summer insolation 65°N (W/m?)

Core KCO1B ,y 440 450

paleoproductivity
+

Syracosphaera spp. and Rhabdosphaera spp. are primarily linked
to variation in productivity rather than temperature. On the other
hand, it is interesting to note that Calciosolenia spp., Oolithotus
spp. and U. sibogae, although they never reach a dominant role in the
assemblage, display a positive relation with interglacial stages
(Fig. 5). The abundance fluctuations of the cumulative curve of these
taxa mostly parallel planktonic 3'®0 shifts (Fig. 8), showing higher
abundances in the lighter values of the marine isotope record.
In addition, they are in very good agreement with the pattern of
the climate curve based on planktonic foraminifera assemblage
(Lirer et al., 2011; Lirer et al., in prep.). Correlation between calcar-
eous nannofossils and planktonic foraminifera has been presented
elsewhere (Tarantino et al., 2011). This suggests that quantitative
distribution of Calciosolenia spp., Oolithotus spp. and U. sibogae
can be considered as “warm-water” proxies. Several short-term
variations are recorded in their abundance patterns (Fig. 8) which
point to a high climate variability in the investigated interval both in
glacial and interglacial stages. However, the unambiguous correla-
tion with the marine isotope record is temporarily and drastically
interrupted across the upper part of MIS 12 (starting from intersta-
dial 12.3) and the lower part of MIS 11, from 448 to 404 ka. The rarity
of Calciosolenia spp., Oolithotus spp. and U. sibogae at MIS 12—11 can
be considered as a primary ecological response of the nannofossil
assemblage rather than a dissolution effect, as it is uncorrelated with
the dissolution intervals recognized in the core (Fig. 8). This interval
is accompanied by a gradual primary productivity increase,
suggesting a modification in both temperature and nutrient content
of surface water occurred in this interval. The warm-water taxa are
particularly rare in the lower part of MIS 11, with the increase
of H. carteri. Their abundance fluctuations display a restored sharp
increase almost coeval to the deposition of sapropel S11 dated at
407 ka (Lourens, 2004), with maximum values from 403 ka to 389 ka,
during a period of low insolation forcing. This interval can be
considered as an indication of a climate optimum interval during
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Fig. 8. Distribution patterns through time of paleoenvironmental proxies at Core KCO1B. Distribution of warm-water taxa is a cumulative plot of Umbilicosphaera sibogae,
Calciosolenia spp., Oolithotus spp. Samples with dissolution evidences (—) are indicated. Chronology of sapropel (S10-Sa) and tephra (120-127) layers are according to Lourens (2004).
Curve of Summer insolation 65°N is from Laskar et al. (2004). Grey bands indicate interglacial intervals and are traced according to marine isotope chronology of Lisiecki and Raymo

(2005).
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MIS 11, as also confirmed by planktonic foraminifera data (Tarantino
et al, 2011). Therefore, a late establishment of warm surface
water conditions with respect to Termination V (dated at 424 ka,
Lisiecki and Raymo, 2005), can be inferred at the core location. The
upward gradual decrease of warm-water taxa indicate that a cooling
trend developed in the upper part of MIS 11. These data sustain the
hypothesis that MIS 11 is a complex interglacial in the eastern
Mediterranean (Numberger et al., 2010) as well as in the oceans
(Bauch et al., 2000).

6.3. Paleoclimate evolution during MIS 11

The calcareous nannofossil data suggest that MIS 11 at
Core KCO1B is characterized by three distinctive phases (Fig. 9).
During the lowermost part, a trend towards increased produc-
tivity/shallow nutricline/thermocline position during a period of
cool surface waters was promoted, as indicated by the minimum
values of H index and factor 1 and higher values of N index (Fig. 8).
This is more evident mainly between 408 and 416 ka when more
productive environment led to the increase of few high-productive
taxa (i.e. small placoliths and G. caribbeanica). Low salinity and
probably turbid upper layer induced by higher fresh water input
can be also invoked in the same interval based on the increase of
H. carteri (Fig. 9). A climate optimum then occurred from 403 to
389 ka in the middle part of MIS 11 and correlated with the
lowest insolation forcing during MIS 11, centred at 398 ka. Finally,
surface water cooling characterized the latest part of MIS 11.
Pattern of surface water temperature changes, as deduced by
calcareous nannofossils through MIS 11 at Core KCO1B, is sustained
by evidences from different Atlantic ocean records from high to
low latitudes (Oppo et al., 1998; Bauch et al., 2000; Bauch and
Erlenkeuser, 2003; Kandiano and Bauch, 2007; Helmke et al.,
2008) which indicate that full interglacial conditions, during MIS
11, became established only after a prolonged deglacial termina-
tion which extended into MIS 11. The climate evolution recorded in
Core KCO1B was compared with selected deep-sea Atlantic records
as reference cores for low to high latitudes (Figs. 1 and 9). Full
interglacial-like conditions are recorded at high-latitude records
(Core PS1243) not before than 408 ka (Bauch et al., 2000) (Fig. 9)
and the beginning of climate optimum in surface waters (Fig. 9)
is documented, at mid- and low-latitude records (Core M23414,
Site 958), at 402 ka and 409 ka respectively and correlated with the
lowest insolation (Fig. 9) (Kandiano and Bauch, 2007; Helmke et al.,
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2008), as also observed in Core KCO1B. The large ice sheet extension
related to the extreme MIS 12 glaciation may be a possible expla-
nation for the late MIS 11 interglacial inception (Kandiano and
Bauch, 2007). A more complex framework should be taken into
account for the landlocked Mediterranean Sea. In this sense, the
climate conditions deduced from the low latitude Atlantic Site
958, located off NW Africa (Helmke et al., 2008), are relevant for the
Mediterranean. In this record, a minimum in the aeolian dust
input suggests that a pronounced wet phase had occurred between
about 420 and 409 ka, during the early MIS 11 (Fig. 9) and prior to
the insolation maximum (Helmke et al., 2008). Enhanced activity
of the monsoon system on the Saharan-Sahel region and related
reduction in trade wind intensity off NW Africa are assumed to be
responsible for the enhanced wet conditions/higher runoff from
the African continent, leading to increased fresh water input into
the Mediterranean Sea and to deposition of sapropel S11 (Helmke
et al., 2008). The results at Core KCO1B offer mid-latitude Medi-
terranean evidence which is highly consistent with this scenario.
Despite possible uncertainties in comparing different age models,
the interval of productive, low salinity and turbid waters at Core
KCO01B is very well comparable with the timing of the wet phase
(420—409 ky) recorded at Site 958 (Fig. 9) and could be the result
of the increased monsoonal precipitation which ensured higher
fresh water input into the Eastern Mediterranean Basin. The fresh
water input into the basin seems to culminate with the deposition
of sapropel S11 as indicated by the markedly lower 5'80 values
(Fig. 9). Enhanced productivity in surface waters at Core KCO1B
in the lower part of MIS 11 may have been sustained by increased
delivery of land-derived nutrients or even shoaling of the nutri-
cline due to low salinity surface water lens as invoked for Eastern
Mediterranean sapropel deposition (e.g. Rohling and Gieskes,
1989; Rohling, 1991; Rohling and Hilgen, 1991; Castradori, 1993).
The identification of a fresh water source at the core location
is beyond the focus of the present paper. However, it is known that
monsoon fluvial discharge affected the Eastern Mediterranean,
not only through the traditional Nile River route, but along wider
tracts of the North African margin (Rohling et al., 2002), depending
on the penetration of the Intertropical Convergence Zone over
the African continent. In this framework, it is interesting to high-
light that chronology of North Saharan palaeolake records in
the present-day Libyan desert provides good correlation with MIS
11 (Thiedig et al., 2000; Armitage et al., 2007). This gives further
evidence for continental humidity over North African in this
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period, suggesting a possible source area for the fresh water flux
into the Ionian Sea.

At the same time, the wet-climate conditions developed in
North Africa and the increased fluvial discharge affected surface
water features in the Eastern Mediterranean during the lower part
of MIS 11, gradual Sea Surface Temperature increases occurred at
subpolar locations (Kandiano and Bauch, 2007), and a long-lasting
deglacial phase affected the high-northern Atlantic (Bauch et al.,
2000). The subsequent development of climate optimum in the
middle part of MIS 11 is comparable with the timing of the iceberg-
rafted detritus-free interval and expansion of warm water advec-
tion into the polar North as recorded at Core PS1243 (full inter-
glacial in Fig. 9) and with the thermal ocean maxima documented
by means of faunal and 880 changes at mid- and low-latitudes
(Fig. 9). Finally, widespread climate deterioration seems to char-
acterize the later part of MIS 11, as recorded at different latitudes
(Fig. 9).

7. Conclusion

A quantitative study based on calcareous nannofossil assemblage
was carried out on Core KCO1B from the Ionian Basin. Distribution
patterns of taxa were compared to the available oxygen isotope
record through MIS 13—9, between 500 and 300 ka, and were used
to reconstruct surface water conditions. The results indicate that the
composition of calcareous nannofossil assemblage is the result of the
interplay between climate variability and peculiar features of lonian
surface water circulation. The high abundance of G. caribbeanica and
G. margereli/muellerae provides evidence of the global dominance of
Gephyrocapsa in the Mediterranean during the Mid-Brunhes event.
The distribution of G. caribbeanica, small placoliths, E profunda,
Syracosphaera spp. and Rhabdosphaera spp. suggests that primary
productivity and stratification of surface waters represent the prin-
cipal features affecting calcareous nannofossil assemblage. Higher
primary productivity, coupled with lower diversity of nannofossil
assemblage, is observed during interglacial MIS 13 and in the lower
part of MIS 11 and MIS 9. Increases in primary productivity during
interglacials are possibly induced by variability in AIS intensity and
activity of mesoscale hydrographic features into the basin that
may have affected stability and nutrient content of surface waters.
Distribution of Calciosolenia spp., U. sibogae, and Oolithotus spp.
appears as a valuable tool for reconstructing surface water temper-
ature variations in the studied area, and highlights significant
climate variability at the core location. The climate evolution of MIS
11 was inferred in the studied core and compared with other Atlantic
reference records. The early MIS 11 (421—408 ka) is characterized by
increasing productivity, low salinity and turbid waters and is coeval
with the development of a pronounced humid period over North-
west Africa, which was responsible, through monsoonal precipita-
tion, for higher fresh water input/land-derived nutrient into
the basin. Warm surface water conditions, which occurred during
a period of low insolation forcing, appeared at about 403 ka and
lasted for about 15 ky. The onset of climate deterioration occurred
at about 389 ka and characterized the latter part of MIS 11. The
results support the hypothesis that complex paleoenvironmental
conditions interacts during MIS 11 at the core location and provide
evidence for a close connection between Mediterranean and Atlantic
climatic regimes.
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Appendix. List of taxa cited in the text

Calcidiscus leptoporus (Murray and Blackman, 1898) Loeblich
and Tappan, 1978

Calcidiscus leptoporus “small” (3—5 um) sensu Knappertsbusch
et al.,, 1997

Calcidiscus quadriperforatus (Kamptner, 1937) Quinn et al., 2004
Calciosolenia Gran 1912; emend. Young et al., 2003

Ceratolithus Kamptner, 1950

Coccolithus pelagicus pelagicus (Wallich, 1877) Schiller, 1930
Coccolithus pelagicus braarudii (Gaarder, 1962) Geisen et al., 2002
Coccolithus pelagicus azorinus Parente et al., 2004

Discosphaera tubifera (Murray and Blackman, 1898) Ostenfeld, 1900
Florisphaera profunda Okada and Honjo, 1973

Gephyrocapsa caribbeanica Boudreaux and Hay, in Hay et al., 1967
Gephyrocapsa muellerae Bréhéret, 1978

Gephyrocapsa oceanica Kamptner, 1943

Gephyrocapsa margereli Bréhéret, 1978

Gladiolithus flabellatus (Halldal and Markali, 1955) Jordan and
Chamberlain, 1993

Helicosphaera carteri (Wallich, 1877) Kamptner, 1954
Helicosphaera hyalina Gaarder, 1970

Helicosphaera inversa (Gartner, 1977) Theodoridis, 1984
Helicosphaera wallichii (Lohmann, 1902) Okada and McIntrye, 1977
Helicosphaera pavimentum Okada and McIntyre, 1977
Holococcoliths (sensu Young and Bown, 1997)

Neosphaera coccolithomorpha Lecal-Schlauder, 1950

Oolithotus antillarum (Cohen, 1964) Reinhardt, in Cohen and
Reinhardt, 1968

Oolithotus fragilis (Lohmann, 1912) Martini and Miiller, 1972
Pontosphaera Lohmann, 1902

Pseudoemiliania lacunosa (Kamptner, 1963) Gartner, 1969
Reticulofenestra Hay, Mohler and Wade, 1966

Rhabdosphaera clavigera Murray and Blackman, 1898
Rhabdosphaera clavigera var. stylifera (Lohmann, 1902) Kleijne
and Jordan, 1990

“small placoliti”: reticulofenestrids <3 um and Gephyrocapsa
Spp. <3 um

Scyphosphaera Lohmann, 1902

Syracosphaera pulchra Lohmann, 1902

Syracosphaera histrica Kamptner, 1941

Umbellosphaera Paasche, in Markali and Paasche, 1955
Umbilicosphaera sibogae (Weber-van Bosse, 1901) Gaarder, 1970
Umbilicosphaera foliosa (Kamptner, 1963; ex Kleijne, 1993)
Geisen, in Saez et al., 2003

Umbilicosphaera hulburtiana Gaarder, 1970
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