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Abstract

A precise assessment of the hydrological changes in the northern Atlantic Ocean throughout the last climatic
cycle stands as one of the key priorities for understanding the mechanisms of global climate change. A high resolution
micropalaeontological study of a sediment core (MD95-2015) retrieved from the South Icelandic Basin, allows us to
infer patterns of North Atlantic surface hydrological changes during the present (Holocene) and the ultimate (Marine
Isotopic Stage 5) Interglacial periods. The downcore distribution of organic-walled dinoflagellate cysts (dinocysts) is
used, in conjunction with additional proxies (sediment magnetic susceptibility, CaCOs3, stables isotopes and planktic
foraminifer assemblages) to identify climatic instabilities of various amplitudes. These events are mostly characterised
by prominent changes in relative abundance of the dinocysts Spiniferites mirabilis and Operculodinium centrocarpum,
whose maximum values are thought to trace sea-surface temperature peaks at the core site. Two hypsithermal periods
are identified on this basis, between 126 and 120 kyr BP and from 9.2 to 5.7 cal kyr BP (~8-5 “C kyr BP),
respectively. Some discrepancies between the micropalaeontological tracers used are discussed here in the light of their
qualitative and quantitative (transfer functions) ecological interpretation.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Over the last few decades, an increased aware-
ness of anthropological impacts on climate has
lead to greater study of natural climatic variabil-
ity. An important aspect of this research concerns
the study of past and sub-recent climatic proxies
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derived from marine sequences. The ‘IMAGES
programme’ is a global research network (http://
images.pclab.ifg.uni-kiel.de/start.html) that aims
to collect high quality and high resolution oceanic
sedimentary records and multiproxy data (Cortijo
et al., 2000). Core MD95-2015, located in the
South Icelandic Basin and discussed in the present
paper, was collected during the first IMAGES
coring cruise (Bassinot and Labeyrie, 1996). This
core displays very high sedimentation rates during
interglacial stages (Giraudeau et al., 2000) and
organic-walled dinoflagellate cysts (dinocysts)
have been investigated from these time intervals.
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The interglacial periods of the Quaternary offer
direct analogues for the present interglacial (Ho-
locene). Evaluation of their climatic evolution and
transition to glacial periods could therefore offer
insights into the natural evolution of our modern
climate. Until now, the Last Interglacial Period,
corresponding to the Marine Isotopic Substage Se
(MIS 5e) has been the most extensively studied.
However, it has been shown recently that Marine
Isotopic Stage 11 is a better analogue with specific
regard to orbital forcing (e.g. Poore and Dowsett,
2001; Forsstrom, 2001; Loutre and Berger, 2003).
Interest about MIS 5e was boosted at the begin-
ning of the last decade, when the Grip Ice Core
record revealed large climatic variations during
this supposed stable Last Interglacial Period
(GRIP members, 1993). Many authors confirmed
this result thereafter, specifically in continental se-
quences (e.g. Thouveny et al., 1994) but no sim-
ilarly high variability was observed in the marine
records (e.g. Cortijo et al., 1994). The debate was,
however, rapidly closed when it was shown that
the ice record was disturbed by stratigraphic dis-
tortions (Johnsen et al., 1995). At present, a cru-
cial question animates the palaeoclimatic discus-
sions about MIS Se: the question of its length
(e.g. Sanchez-Goiii et al., 1999; Kukla et al.,
2002; Shackleton et al., 2002). Recent work
(Shackleton et al., 2002) suggests that MIS 5Se ex-
tends from 132 to 115 ka BP and is substantially
different to the Eemian period, which people erro-
neously consider to be the equivalent of MIS Se
(the same confusion is made regarding MIS 1 and
the Holocene — see Sanchez-Goiii et al., 2000 for a
review).

In this paper, we present data, obtained on
MIS 5 (including MIS 5e) and on the last 13 cal
kyr BP of MIS 1 from core MD95-2015, using
dinocysts as a proxy for sea-surface palaeoenvi-
ronments of the South Icelandic Basin. Actually,
the use of dinocysts as a potential sea-surface
tracer has already been demonstrated throughout
several studies in the North Atlantic Ocean (e.g.
Williams, 1971; Wall et al., 1977; Turon, 1981;
de Vernal et al., 1993, 1997, 2001; Harland and
Howe, 1995; Matthiessen, 1995; Dale, 1996; Ro-
chon et al., 1998, 1999; Eynaud et al., 2000, 2002;
Boessenkool et al., 2001; Matthiessen and Knies,

2001). In addition, our study presents new data
that contribute to document dinocyst ecology and
climatostratigraphy in an oceanic sector that until
now has been poorly investigated. A focus is
made on two species, Spiniferites mirabilis and
Operculodinium centrocarpum, which are affected
by significant abundance changes throughout the
core. These changes are discussed in the light of
other proxy data available, to better discriminate
between forcing parameters of the palaeoclimatic
evolution. A comparison of dinocyst quantitative
reconstructions vs. foraminiferal data is made on
the Holocene period, to discuss the interpretation
of the respective tracers.

2. Material and environmental setting

The investigated core MD95-2015 (58°46'N;
25°57'N; 2630 m water depth), is a giant Calypso
core (34.42 m length) retrieved from the Gardar
Drift (Fig. 1), a major contourite accumulation
(Faugeres et al., 1993, 1999). The Gardar Drift
has been built by the deep-overflow of the eastern
branch of North Atlantic Deep Water which
southerly crosses the Iceland—Faeroe Ridge
(Tomczak and Godfrey, 1994). The direct impact
of this deep hydrodynamical configuration is
shown by the sedimentological characteristics of
core MD95-2015. Silt-sized sediments are prefer-
entially accumulated on the drift, with a mainly
Icelandic origin for terrigeneous material (Revel
et al., 1996). Biogenic pelagic sediments are also
redistributed along the drift. Nevertheless, the in-
formation given by the species composition of silt-
sized microfossils (among them are dinocysts
(Dale, 1976) but also foraminifera) is supposed
to efficiently document the conditions of surface
waters, at least on a regional scale, for the Holo-
cene (Giraudeau et al., 2000). The Last Intergla-
cial Period (MIS Se), the most recent analogue of
the Holocene, is also thought to have preserved
surface water information in the same way.

Core MD95-2015 is located under the path of a
major return current of the North Atlantic Drift
(NAD): the Irminger Current (IC; Fig. 1). The IC
flows westward from 50°N where the NAD diver-
gence is observed (separating into the Norwegian
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Fig. 1. Location of the studied core MD95-2015 with regard to its bathymetric position on the Gardar Drift and its position vs.
the IC (grey arrow). The upper map shows the regional deep circulation pattern (major currents and their transport efficiency in
Sv, after Tomczak and Godfrey, 1994). Core MD952014 mentioned in the text is also depicted on the Gardar Drift.

Coastal Current and the IC). At the latitude of
the Icelandic Basin, the IC waters retain the bio-
chemical properties of the warm and saline NAD,
which in itself is primarily derived from the Gulf
Stream. This is also evidenced by dinocyst distri-
bution in surface sediments, as cysts of the species

Operculodinium centrocarpum, assumed to thrive
into NAD waters (Williams, 1971; Turon, 1978,
1981, 1984 ; Harland, 1983; Dale, 1996) are found
in high quantity under the path of the IC (Ro-
chon et al., 1999). Still with regards to dinocyst
ecology, the MD95-2015 site is all the more inter-
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esting, because located at the northern limit of the
present-day distribution area of the species Spini-
ferites mirabilis (Fig. 4a), the second cyst species
with O. centrocarpum, that presents a character-
istic downcore distribution.

The strategic position of core MD95-2015 in
relation to the hydrological regional pattern, per-
mits the observation of major and minor environ-
mental changes related to fluctuations in global
climate and thermohaline circulation. High sedi-
mentation rates that characterise interglacial
stages in this region (Giraudeau et al., 2000) fur-
thermore allow high resolution palaeoclimatic
studies.

3. Methods

3.1. Stratigraphy

The age model developed for the Holocene sec-
tion of core MD95-2015 is based on linear inter-

Table 1
MD95-2015 age models for the interglacial sections

polation of 12 AMS radiocarbon dates (Table 1).
All the '*C ages (*C yr BP) have been converted
to calendar ages (cal yr BP) using the CALIB
programme version 4.1 (Stuiver et al., 1998) tak-
ing into account an age reservoir of 400 C yr.
Considering the work of Eiriksson et al. (2000)
and Knudsen and Eiriksson (2002), a standard
marine reservoir correction of 400 '“C yr appears
to be reasonable, at least on this southern sector
of Iceland. In fact, these authors have shown for
the last 4000 cal yr, that a 800 '*C yr reservoir age
correction should be applied to the northern Ice-
landic margin. They recommend a 400 “C yr cor-
rection however for periods that were highly in-
fluenced by the IC in the northern sector. The use
of this standard marine reservoir correction is
therefore justified in the construction of the
MD95-2015 age model since the core is located
just under the path of the IC. Sedimentation rates
calculated on the basis of the age model vary
from 21 cm/cal kyr up to 193 cm/cal kyr.

The stratigraphy of the MIS 5 section has been

Holocene section

Depth Age '“C BP Error Sedimentation rate Age cal BP Sedimentation rate
(cm) (yr)(—400 yr res. cor.) (%) (cm/1000 *C yr) (yr) (cm/cal kyr)
10 950 60 57.5 907 54.9
60 1820 60 42.7 1818 34.7
110 2990 60 70.9 3258 56.5
200 4260 70 61.5 4850 49.9
240 4910 80 58.3 5651 56.0
370 7140 90 68.6 7972 68.7
440 8160 80 214.3 8991 137.6
500 8440 90 142.9 9427 116.6
600 9140 90 250.0 10285 193.1
700 9540 90 29.7 10803 21.0
749 11190 90 60.3 13131 78.9
790 11870 100

MIS 5 section

Depth Age Sedimentation rate

(cm) (yr) (cm/kyr)

1415 73200 11.2

1530 83500 8.5

1670 100000 5.6

1740 112500 17.9

2150 135340

AMS '#C dates have been obtained on monospecific samples of the planktonic foraminifer Globigerina bulloides at the Labora-

toire des Sciences du Climat et de I’Environnement, Gif-sur-Yvette, France (LSCE).
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primarily established on the basis of the plankton-
ic (Globigerina bulloides) and benthic (Cibicides
wuellerstorfi) 8'80 measurements, the carbonate
contents (CaCO; percentage of the bulk sediment)
and the magnetic susceptibility data (Fig. 2). For
the base of MIS 5, age-control points (Table 1)
are deduced from a graphic comparison between
the SPECMAP §'80 composite curve and the
8'%0 data (benthic and planktonic) from MD95-
2015 (Fig. 2). Full-marine interglacial conditions
(Last Interglacial Period = MIS 5e) are considered
to have lasted only during the benthic isotopic
plateau (Cortijo et al., 1999). The ages given for
the isotopic heavy peak (200 years before the 6.2
event), the inflection point following the 5e pla-
teau and the mid 5.3 event have been used as tie-
points and their ages conform to Martinson et al.
(1987), at respectively 135340 yr, 112 500 yr and
100 000 yr.

As benthic 80 measurements were not avail-
able for the upper part of the MIS 5 section, age-
control points for this period have been chosen on
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the basis of the carbonate contents (% CaCOj;)
and the magnetic susceptibility data compared
with the Greenland Ice-Sheet Project 2 (GISP2)
880 data (Grootes et al., 1993). Kissel et al.
(1998, 1999) and Stoner et al. (2002) have shown
that Magnetic Susceptibility (MS) on proximal
cores can be tied to ice-core stratigraphies
through regional climatic tie-points. The MS rec-
ord of core MD95-2015 displays significant varia-
tions that are inversely correlated with peaks in
CaCO; content (Fig. 2). Maximal CaCO; con-
tents in Atlantic sediments are classically attrib-
uted to warm/interglacial conditions (an opposite
pattern is found in Pacific sediments; Karlin et al.
(1992)); it has therefore been inferred that peaks
in CaCOj; (correlated to low values of MS) corre-
spond to Interstadial Events (IE) in Greenland.
IE 21 and IE 23, as detected in the GISP2 830
record (Grootes et al., 1993; Meese et al., 1994;
Steig et al., 1994; Stuiver et al., 1995; Grootes
and Stuiver, 1997), were therefore used as age-
control points (Table 1; Fig. 2). A third tie-point

Planktic Benthic Magnetic GISP?
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Fig. 2. MD95-2015 data (planktonic and benthic §'%0, % CaCOj;, magnetic susceptibility) used for the construction of the age
model (see also Table 1) for the Marine Isotopic Stage 5 section. Comparison with the SPECMAP stacked 'O curve (Martin-
son et al., 1987) and the GISP2 §'80 data (Grootes et al., 1993; Meese et al., 1994) is shown. Interstadial events 21 and 23
(IE21 and IE23) are positioned according to Grootes et al. (1993).
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was used in considering the minimum values of
880 from GISP2 (72500 yr BP) that would in-
versely correspond to the maximum MS values
recorded in this section of core MD95-2015
(1415 cm). The age model was constructed by
linear interpolation between the five dated points.
Validation of the MIS 5 age model for core
MD95-2015 was independently obtained by com-
parison with data from the proximal core MD95-
2014 (planktonic and benthic 880, % CaCOs,
magnetic susceptibility and dinocyst data). In
core MD95-2014 isotopic stages and substages
were clearly identifiable from 8'*0O measurements
alone (Eynaud, 1999).

3.2. Dinocyst analysis

Dinocyst analyses (111 samples) were per-
formed on the < 150-um sediment fraction at a
median sampling resolution (every 10-20 cm), re-
sulting in an age resolution from one sample per
100 yr to one sample per 1000 yr. Samples were
prepared in accordance with de Vernal et al
(1996). Dinocysts were counted using a Zeiss Ax-
ioscope light microscope at X400 magnification;
an average of 300 dinoflagellate cysts were identi-
fied and examined from each sample. Brigantedi-
nium specimens were grouped together because of
uncertain species determination due to folding of
the dinocysts: this concerns specimens of round,
brown cysts such as Brigantedinium simplex and
Brigantedinium cariacoense (the latter species is
referenced also as Protoperidinium species for the-
cal name; see Zonneveld (1995)). Dinocyst assem-
blages were described by the respective percen-
tages of each species, calculated on the basis of
the total dinocyst sum including unidentified taxa
and excluding reworked specimens. Dinocyst con-
centrations were calculated using the marker grain
method (de Vernal et al., 1996).

To quantify the information given by the em-
pirical counts of dinocyst, sea surface tempera-
tures (SSTs) for February and August were calcu-
lated according to the statistical procedure
developed by Guiot (1990) and subsequently ap-
plied to dinocyst assemblages by de Vernal et al.
(1993, 1997, 2001). The database used for the cal-
culation includes 677 surface sediment samples

(http://www.geotop.uqam.ca/;  http://www.pan-
gaea.de). The SST-calculation procedure is
adapted from the Guiot and Goeury (1996) 3P-
Base software, and is extensively described in de
Vernal et al. (2001). Validation exercises have
demonstrated an accuracy (prediction error) of
+1.3°C and #1.8°C in calculating the SSTs for
February and August, respectively.

To know where the Holocene samples fit with
the MIS 5 sample set, a multivariate analysis
(Principal Component Analysis or PCA) was per-
formed on the dinocyst relative abundance data
using the software of Guiot and Goeury (1996).
19 taxa and taxon-associations were tested for
the 111 samples (i.e. Table 2). The taxon associa-
tions result from the groupings made for the
SST reconstructions (see de Vernal et al., 2001,
p. 684).

4. Dinocyst results

More than 33 dinocyst taxa (Appendix 1; data
available upon request) were recognised in each of
the studied sections from core MD95-2015 (Ey-
naud, 1999). In the section corresponding to
MIS 5, Operculodinium centrocarpum, Bitectatodi-
nium tepikiense and Nematosphaeropsis labyrin-
thus alternatively dominate the dinocyst assem-
blages (Fig. 3). Spiniferites mirabilis makes up
20-40% of the assemblages in the lower part of
the record, essentially during MIS S5e and 5d.
Brigantedinium spp., cysts of Pentapharsodinium
dalei and Spiniferites elongatus also are subordi-
nate species in some time intervals. The average
dinocyst concentrations are nearly 5000 cysts/cm?,
with major peaks in the middle of MIS Se where
concentrations up to 28500 cysts/cm® are re-
corded.

In the Holocene section of core MD95-2015
(Fig. 3), dinocyst assemblages are dominated by
Operculodinium centrocarpum, Nematosphaeropsis
labyrinthus, cysts of Pentapharsodinium dalei and
Brigantedinium spp. The species Spiniferites mira-
bilis and Spiniferites elongatus are subordinate,
whereas Bitectatodinium tepikiense reaches only
up to 5%. The average cyst concentration of
14 500 cysts/cm? is high for this part of the record
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Table 2
Result of the multivariate analysis (PCA) performed on the dinocyst data of core MD95-2015
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with a maximum concentration of up to 44000
cysts/cm® in the upper part of the Holocene.

The multivariate analyses (PCA) have produced
eight axes, with the first five axes (PC0O1, PC02,
PCO03, PC04, PCO05) explaining 93.38% of the total
variance. Results of the PCA show a grouping of
the analysed samples in relation to coherent cli-
mato-stratigraphical units (see Table 2). PCO1 has
its maximum representation at the base of the
Holocene and in some isolated events of the
MIS 5, including the late part of the MIS Se.
PCO1 is characterised by high positive values for
the species Nematosphaeropsis labyrinthus and
Brigantedinum spp. and high negative values for
Operculodinium centrocarpum. PC02 shows an ho-
mogeneous representation throughout the com-
plete Holocene section and is negatively corre-
lated to the Eemian section (sensu stricto:
Kukla et al., 2002). The species that display pos-
itive PC02 values are O. centrocarpum, N. labyrin-
thus and cysts of Pentapharsodinium. dalei. PC02
is also characterised by negative values for Bitec-
tatodinium tepikiense and Spiniferites mirabilis.
PCO03 marks the samples of the late Holocene
and the Eemian section. PC03 shows high positive
values for cysts of P. dalei, and high negative
values for N. labyrinthus. PC04 (9.24%) marks
samples from the beginning of MIS 4 which will
not be discussed here. Cysts of Polykrikos schwar-
zii have high positive PC04 values. PCO5 (6.2%)
clearly identifies MIS 5e and displays high posi-
tive values for S. mirabilis.

5. Discussion

5.1. Ecological significance of the dominant
dinocyst taxa

Operculodinium centrocarpum, Bitectatodinium
tepikiense, Nematosphaeropsis labyrinthus, Brigan-
tedinium spp. and cysts of Pentapharsodinium dalei

are currently present in surface sediments from
the subpolar basins of the North Atlantic Ocean
(Rochon et al., 1999).

Since the first biogeographic studies of dinocyst
assemblages in recent sediments (Williams, 1971;
Wall et al., 1977; Turon, 1981; Harland, 1983),
Operculodinium centrocarpum has always been
considered as a cosmopolitan and temperate tax-
on. In the surface sediments from the North At-
lantic, this species is preferentially distributed
along the path of the NAD and is thus assumed
to thrive in these warm, saline waters (Turon,
1981, 1984; Harland, 1983; Dale, 1996; Rochon
et al., 1999). Nevertheless, this species also occurs
in Arctic environments, where endemic morpho-
types have been observed (de Vernal et al., 2001).
The present study (Fig. 3) shows that the distri-
bution of O. centrocarpum is not constrained to
the interglacial periods, as some peaks in abun-
dance also occur during cold phases of the inter-
glacial sections. The palaeoceanographic and cli-
matic implications of this signal are discussed in
further detail in Section 5.2.2.

Bitectatodinium tepikiense is at present mainly
distributed from temperate to sub-Arctic environ-
ments of the North Atlantic, with maximum rep-
resentation south of the Gulf of St. Lawrence
(Rochon et al., 1999; de Vernal et al., 2001).
This species tolerates large seasonal variations in
temperature, with very cold winters (as cold as
1°C) and mean summer temperatures over 15°C.
It also thrives in a wide range of salinities (30-35).
B. tepikiense has been observed in Quaternary
sediments off the Portugal margin (Eynaud et
al., 2000; Boessenkool et al., 2001; Turon et al.,
in press), where it has been linked to the south-
ward penetration of cold subpolar waters during
Heinrich or Heinrich-like events. Dinocyst studies
on the cold MIS 4 and 6 of cores MD95-2015 and
MD95-2014 have similarly revealed very high per-
centages of B. tepikiense (up to 80% of the dino-
cyst assemblages during MIS 6; Eynaud, 1999). In

Fig. 3. Dominant dinocyst species distribution (relative percentages) along the studied sections of core MD95-2015. (a) Limits in
age of the Younger Dryas (YD) cold event conforming to those cited in Bard (1998). The Neoglacial Cooling (NC) period is de-
fined by Kog et al. (1996) and the Atlantic Chronozone (AC) as delimited by Jansen and Bjerklund (1985). (b) Limits of the Se/

5d transition positioned according to Shackleton et al. (2002).
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the MD95-2015 interglacial records, B. tepikiense
comprises up to 60% of the total dinocyst assem-
blage. These high abundances could mark the in-
fluence of strong and cold fronts nearby, maybe
linked to the latitudinal displacements of the IC
throughout time. Nevertheless, such high abun-
dances are only recorded at the base of the last
interglacial complex (MIS 5), during the probable
“Younger Dryas-like event’ of Termination II
(Sarnthein and Tiedemann, 1990; Seidenkrantz,
1993; Maslin et al., 1998; Sanchez-Goiii et al.,
1999; Eynaud et al., 2000). The B. tepikiense cysts
have by contrast to the base of MIS 5, very lim-
ited relative abundances during the Holocene pe-
riod. During MIS 5, the occurrence of B. tepi-
kiense seems also to be linked to transition
periods between cold and warm substages and
vice versa. High percentages are indeed present
at the transition between MIS 5b and MIS 5a
(Fig. 3). The association of B. tepikiense with Spi-
niferites mirabilis and Operculodinium centrocar-
pum in interglacial substages is surprising consid-
ering their ecological respective affinities. It has,
nevertheless, already been reported from two
ODP sites (LEG 105, Sites 646 and 647) in the
Labrador Sea by Aksu et al. (1989). Results of the
PCA also confirm this association: B. tepikiense
and S. mirabilis are negatively correlated to PC02,
and shed light on a non-analogous situation be-
tween the Eemian and the Holocene (Table 2).
Nematosphaeropsis labyrinthus is a typical oce-
anic species, which is mainly distributed between
45 and 65°N in the North Atlantic Ocean (Ro-
chon et al., 1999). In the Alborean Sea, Turon
and Londeix (1988) have shown that this taxon
is associated with nutrient-rich cool waters. Re-
cent work based on the modern analogue ap-
proach also demonstrate this characteristic for
the Atlantic Ocean (Devillers and de Vernal,
2000). In the Portuguese margin sediments,
N. labyrinthus was found in close association with
Bitectatodinium tepikiense, characterising cold po-
lar water episodic intrusions (Eynaud et al., 2000).
In the MD95-2015 record, N. labyrinthus has an
average abundance of 13% during MIS 5. Consis-
tently, peaks are recorded at the beginning of cold
substages (5d and 5b). Similar peaks were also
observed from MIS 5 at the Barents Sea margin

but were not precisely constrained with the stra-
tigraphy (Matthiessen and Knies, 2001). During
the Holocene, N. labyrinthus represents 24% of
the dinocyst assemblages (average value on the
whole section). Its maximum occurrence (up to
60%) is recorded early in the Holocene between
11.5 and 9.5 cal kyr BP (10-8.5 “C-kyr BP). It is
worth noting that throughout the MD95-2015
record, N. labyrinthus appears to be linked to
transitional climatic periods. Compilation of N. /a-
byrinthus records in the North Atlantic ocean
for the last 150000 years suggest optimal occur-
rence of this species during short events of severe
hydrological changes (Turon and Eynaud, unpub-
lished data).

Brigantedinium spp. tolerates seasonal sea-ice
cover but, as a heterotrophic taxon, its occurrence
is also linked to food availability (especially small
prey such as diatoms). In the MD95-2015 inter-
glacial records, Brigantedinium spp. are not well
represented and only appear during discrete
events (also confirmed by PCA). Notably, Brigan-
tedinium spp. are the dominant species of the
Younger Dryas interval. Some taphonomic effects
concerning the preservation of this cyst in the
sediment could be considered, as it has been
shown that it is very sensitive to oxygenated con-
ditions (Zonneveld et al., 1997, 2001). The loca-
tion of the core, just under the influence of the
highly oxygenated water of the North Atlantic
Deep Waters would favour such taphonomic
modification of the dinocyst signal. Nevertheless,
the comparison of Brigantedinium spp. percen-
tages vs. the dinocyst total concentration do not
support such a bias, as no co-variation could be
observed. In fact, if taphonomic artefacts have
modified the Brigantedinium spp. record, it is log-
ical to consider that the whole dinocyst commu-
nity would have been affected by the same pro-
cesses.

Cysts of Pentapharsodinium dalei occur today in
sediments from polar to subpolar environments
that experience summer temperatures higher
than 4°C (Rochon et al., 1999). It has also been
reported from sediments from the Gulf of Guinea
(Marret and Turon, 1994). In core MD95-2015,
cysts of P. dalei preferentially occur during MIS
5e and in the late Holocene (Fig. 3). Results of
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the PCA also confirm this observation (Table 2):
from the PCA we could therefore deduce that
cysts of P. dalei are the only species in the South
Icelandic Basin supporting an analogy between
the Eemian and Holocene periods.

The other significant species recorded in the
studied sections is Spiniferites mirabilis. This spe-
cies is known to mark warm temperate to temper-
ate environments (Turon, 1981; Harland, 1983;
Turon, 1984; Marret and Turon, 1994; Rochon
et al., 1999). Morzadec-Kerfourn (1992) has dem-
onstrated its tropical extension as far south as
10°N. S. mirabilis is at present sparsely distributed
in the sediments of the North Atlantic Ocean (see
Fig. 4a), with a maximum occurrence in the Bay
of Biscay (Harland, 1983) and off the coast of
Portugal (Rochon et al., 1999). Recent investiga-
tions in the occidental Mediterranean Sea surface
sediments (Mangin, 2002) have shown that S. mi-
rabilis is a major component of the Mediterranean
dinocyst assemblages (more than 20%), therefore
confirming its thermophilic character. Correlation
of the hydrological parameters of the n=677 data
base (de Vernal et al., 2001) to the percentage
abundance of each taxon could better constrain
the ecology of modern dinocysts. It has been dem-
onstrated that for S. mirabilis its highest percent-
age abundance occurs at winter SSTs between 10
and 15°C and at summer SSTs between 15 and
22°C; these are assumed to reflect the optimum
thriving conditions of S. mirabilis.

5.2. The Spiniferites mirabilis and
Operculodinium centrocarpum records from MIS 5
and the Holocene

The following discussion concentrates on the
two temperate species recorded in the MD95-
2015 interglacial records: Spiniferites mirabilis
and Operculodinium centrocarpum. The relative
abundances and concentrations of these species
are used as a semi-quantitative tool to monitor
maximum SST in the South Icelandic Basin. We
note here the quasi-absence of the warm cysts
Impagidinium aculeatum and I patulum, which,
in association with S. mirabilis, are used classi-
cally (Turon and Londeix, 1988; Boessenkool et
al., 2001; Versteegh, 1994; Turon et al., in press)

to identify episodes of climatic optima in southern
latitudes (Portugal Margin, Alboran Sea).

5.2.1. Spiniferites mirabilis record

Higher percentages of Spiniferites mirabilis
clearly mark the MIS 5e and MIS 5d substages
(Fig. 3). The percentages (up to 40%) recovered in
the MIS 5e¢ interval of core MD95-2015, therefore
at a location (59°N) close to its present northern-
most limit of occurrence, indicates a significant
latitudinal displacement of its biogeographical
distribution centre and suggests that MIS 5e ex-
perienced warmer conditions than today. This re-
sult confirms the previous finding of Matthiessen
and Knies (2001) and in general for the last inter-
glacial periods (Kukla et al., 2002). Substage 5d
shows, surprisingly, the persistence of S. mirabilis
until the transition towards Substage Sc. It means
that the cool period of Substage 5d has not been
so drastically marked in the dinocyst assemblages
of the South Icelandic Basin. It conforms to the
recent re-evaluation of the Eemian duration on
the basis of marine pollen sequences analysis
(Sanchez-Goni et al.,, 2000; Shackleton et al.,
2002) and to recent works in the North Atlantic
(McManus et al., 2002). The interglacial/glacial
shift towards cooler conditions is however de-
picted in the dinocyst concentrations, as the max-
imum abundances are strictly constrained to the
thermal optimum of MIS Se.

In the Holocene section the occurrence of Spi-
niferites mirabilis fits well (Fig. 3) with the Atlan-
tic Chronozone (AC) as time-delimited in marine
records by Jansen and Bjerklund (1985) between
8900 and 5700 cal yr BP (80005000 '“C yr BP).
Summer temperatures during this interval were
higher in Northern Europe than present-day tem-
peratures. The Atlantic Chronozone was therefore
interpreted as the Holocene hypsithermal and
used by modellers as a future scenario in the con-
text of a global warming (e.g. Gajewski et al.,
2000). The cooling tendency observed in the
more recent part of the core is in agreement
with the modern biogeographical distribution of
S. mirabilis (1% at the core latitude; Fig. 4a).

By 8.2 cal kyr BP (380 cm depth in the core),
we observe a clear decrease in both Spiniferites
mirabilis percentages and concentrations. There
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is no doubt that this decrease corresponds to the
‘8.2 cooling event’ initially observed in the §'%0
signal of Greenland Ice records (Alley et al.,
1997; Leuenberger et al., 1999) and since largely
documented in the Northern Hemisphere (e.g.
Klitgaard-Kristensen et al., 1998; von Grafenstein
et al., 1998; Nesje and Dahl, 2001; Yu and
Wright, 2001; Baldini et al., 2002; Dean et al.,
2002). Genetic mechanisms of this distinctive cli-
matic shift have been linked to a catastrophic
meltwater input from the waning Laurentide Ice-
Sheet in the Labrador Sea (draining of the Agas-
siz and Ojibway lakes; Barber et al., 1999).

Fig. 4b presents the comparison of the percen-
tages and concentrations of Spiniferites mirabilis
in core MD95-2015 plotted along the last 11 cal
kyr BP and the first 11 kyr of the Eemian (as
defined by Shackleton et al., 2002; Kukla et al.,
2002), a more recent analogue for the Holocene.
Fig. 4b shows that the highest percentages of
S. mirabilis, up to 40%, are reached in the second
part of MIS 5e (117-118 kyr BP), whereas the
highest concentrations are only restricted to the
middle of MIS Se, around 122 kyr BP. This
scheme is linked to the dinocyst total concentra-
tions that peak precisely at 122 kyr BP. When
comparing the Holocene and Eemian sections
(Fig. 4b on the right), the concentration profiles
of S. mirabilis are very similar. This observation is
difficult to apply to the relative percentages (Fig.
4b on the left). The good coherence of the
S. mirabilis concentration evolution throughout
the Holocene and the Eemian, with especially a
marked peak of abundance in the first part of
these two periods could be due here to a sedimen-
tary or taphonomic artefact. In fact, these peaks
at the deglaciation onset, could traduce enhanced
deep circulation as a result of the re-initiation of
the deep-convection in the Nordic Seas. Neverthe-

less, no coherence observed in the whole dinocyst
concentrations justifies this interpretation. The
combined information brought by S. mirabilis
percentages and concentrations, however, allows
us to conclude that only two maxima of S. mira-
bilis occurrence have been recorded during the
last 130000 years in the South Icelandic Basin.
These maxima are respectively located between
126 and 120 kyr BP, and from 9.2 to 5.7 cal kyr
BP (~8-5 “C kyr BP).

5.2.2. Operculodinium centrocarpum record

Operculodinium centrocarpum is a cosmopolitan
species widely distributed in the surface sediments
of the North Atlantic Ocean. In the modern di-
nocyst data base n=677 (de Vernal et al., 2001),
this species occurs as a dominant taxon in a wide
range of environments (Fig. 5a), therefore show-
ing no real optimum distribution with regard to
SST. In the MD95-2015 interglacial records, per-
centages of O. centrocarpum are high, with an
average value of 35% for MIS 5 and 25% for
the Holocene section (see Fig. 3). These high per-
centages are in agreement with its present distri-
bution pattern in surface sediments of the North
Atlantic Ocean, which appears to be closely
linked to the surface circulation pattern of the
NAD (Rochon et al., 1999). Surface sediments
underlying the IC, which is a return branch of
the NAD, display O. centrocarpum percentages
exceeding 40%.

The 50-kyr duration of the MIS 5 Operculodi-
nium centrocarpum record depict a gentle oscillat-
ing scheme (Fig. 5b). After the termination of
Substage Se, the recurrence of marked peaks of
relative abundances (over 60%) are recorded every
7-8 kyr. These peaks occur during warm/intersta-
dial substages as well as during cold/stadial sub-
stages. They are correlated with maxima in

Fig. 4. (a) Present day distribution of Spiniferites mirabilis cysts in recent sediments of the North Atlantic Ocean and the Medi-
terranean Sea. The modern ‘Dinocyst n=677" data base (de Vernal et al., 2001) plus 90 Mediterranean points (Mangin, 2002)
were used to map the distribution of S. mirabilis using Arcview GIS. The previous finding of Harland (1983) is confirmed, i.e.
the centre of distribution for this species in the north Atlantic is located in the Bay of Biscay; the extensive distribution of this
taxon in the Mediterranean Sea is also highlighted. (b) Comparison of fluctuations in Spiniferites mirabilis abundance throughout
the Holocene and the first 11 kyr of the Eemian section (Eemian age limit definition after Shackleton et al. (2002) and Kukla et
al. (2002)). Holocene data are shown in grey (dotted line) and Eemian data in black.
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Fig. 6. Comparison with depth of the warm dinocyst species (Operculodinium centrocarpum and Spiniferites mirabilis) percentages

with CaCOj; contents (%0).

CaCOj; contents (Fig. 6) and with low values of
magnetic susceptibility (MS). Maximum CaCO;
contents are classically assumed to reflect warm
conditions linked to events of high carbonate pro-
ductivity or/and accumulation. In core MD95-
2015, the synchronous low values of MS support
this assumption, actually reflecting dilution of the
terrigeneous signal by diamagnetic material (car-
bonate, biogenic opal..). As explained above (Sec-
tion 3.1), some of these events were used as tie-
points with the GISP ice-core stratigraphy to con-

struct a stratigraphic framework for core MD95-
2015 (Interstadial Events IE21 and IE23).

The Holocene section and the MIS 5 section
(Fig. 6) depict a coherent pattern for the dinocyst
and the carbonate proxies, that globally record
the same changes through time. These support
and reinforce the link between high carbonate
content and warm conditions as evidenced by
the dinocyst assemblages.

The coherence of the CaCOs, MS and Opercu-
lodinium centrocarpum signals downcore argues

Fig. 5. Comparison of the Operculodinium centrocarpum percentages with the magnetic susceptibility and CaCOs content data
along the MIS 5 section of core MD95-2015. GISP2 880 data are plotted on the same age scale for discussion. Arrows and
grey bars mark the O. centrocarpum percentage peaks. The Eemian period is plotted according to Shackleton et al. (2002). The
top of the figure presents the distribution of O. centrocarpum percentages vs. SST (February and August) in the modern data

base (de Vernal et al., 2001).
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for a common process driving the depositional
mechanism of these three proxies. The Gardar
Drift is a giant contourite drift. Contourites are
known to be constructed by deep-sea geostrophic
flows that occur preferentially during sea-level
high stands, i.e. interglacial periods (Faugeres et
al., 1993, 1999). This is verified in the case of our
study, as core MD95-2015 records higher sedi-
mentation rates during interglacial stages (Girau-
deau et al., 2000). In the Northern Hemisphere,
contourite drifts are constructed on the right of
the main bottom current axis (NADW for the
Gardar Drift). All the material that settles from
overlying water masses is accumulated in this
way, as is the fine material transported by the
current itself. High O. centrocarpum percentages
coherent with high CaCOj; contents argue for
warm climatic shifts. That would mean, in agree-
ment with the thermohaline circulation model of
Broecker et al. (1990) that the NAD northward
penetration, as well as the NADW formation,
would be enhanced during these combined O. cen-
trocarpum and CaCOj peaks. That is at least what
should be expected considering that O. centrocar-
pum has always been considered as a tracer of the
NAD penetration (Turon, 1981, 1984; Harland,
1983; Dale, 1996; Rochon et al., 1999).

The Holocene record (Fig. 3) of Operculodinium
centrocarpum displays a maximum occurrence of
this species during the Neoglacial cooling phase
(as defined in Kog et al., 1996). This result could
be in conflict with the thermophilic character of
O. centrocarpum. Nevertheless, considering the lo-
cation of core MD95-2015 under the influence of
the IC, a possible explanation of this result could
be found in the balance between the intensity of
the NAD penetration into the Norwegian Sea and

Table 3

the intensity of its return branch stream, i.e. the
IC (Orvik et al., 2001). Preferential flow of the IC,
in response to the weakening of the NAD during
the Neoglacial cooling, should have generated
high occurrences of O. centrocarpum in core
MD95-2015 since this core lies directly under
the influence of the IC. Eiriksson et al. (2000)
have shown a period of high influence of the IC
to the northern Icelandic shelf between 4600 and
3000 cal yr BP.

In the Southern Icelandic Basin, Operculodi-
nium centrocarpum (percentage abundance) may
therefore be used to monitor variations in inten-
sity of the NAD circulation and recirculation.
Two modes can be distinguished: (1) enhanced
NAD with an efficient transport towards polar
basins, and (2) weakened NAD but enhanced
IC. The last mode would have occurred during
relatively cold phases of interglacial complexes.

5.3. Dinocyst data vs. planktonic foraminiferal
data

A comparison of the dinocyst vs. the plankton-
ic foraminiferal data for the last 13000 years is
presented in Fig. 7; independent SST reconstruc-
tions for the two proxies are included. For discus-
sion, only selected dinocyst and foraminiferal spe-
cies are presented on the graph (Operculodinium
centrocarpum,  Spiniferites mirabilis, Nemato-
sphaeropsis labyrinthus, and Globorotalia inflata).
SST reconstructions from the foraminiferal data-
sets were calculated according to the Modern
Analog Technique (MAT; detailed procedure in
Manthé, 1998 — 32 foraminiferal species used for
a modern data base of 556 points).

Dinocyst and foraminiferal SST reconstructions

Comparison of dinocyst and foraminifer based SST for the last 13000 cal kyr

Mean February SST

Mean August SST

Present day 6.5°C 11°C

Last 13 cal kyr Minimum Time averaged Maximum  Minimum Time averaged Maximum
Foraminiferal based 5°C 8.8°C 10.4°C 11.3°C 12.7°C 14.3°C
Dinocyst based —1.5°C 1.5°C 5.5°C 8.1°C 13.8°C 17°C

Modern hydrographic conditions prevailing in surface waters (SST — 0 m depth) overlaying core MD95-2015 were extracted from

data published by the National Ocean Data Center (NODC, 1994).
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show large discrepancies for the studied interval
(Table 3). Compared to present-day SSTs, the two
methods overestimate August SST. The February
SSTs are also overestimated by the foraminiferal
proxy but are clearly underestimated by the dino-
cyst proxy. These discrepancies could be due to a
lack of reference sites under 5°C in winter in the
foraminiferal database, and to a lack of reference
sites over 5°C in winter for the dinocyst database.

Apart from these discrepancies, large differen-
ces are recorded between the SST records. The
more prominent feature is that SST maxima do
not occur synchronously (Fig. 7): the Holocene
optimum as reconstructed by foraminifera is lo-
cated at the base of the Holocene section (11-9.5
cal kyr BP) whereas it occurs in the middle Ho-
locene (9.5-7 cal kyr BP) according to dinocyst
data. The dinocyst results are in good agreement
with coccolithophorid assemblages that record
warm conditions between 10 and 6 cal kyr, with
an optimum centred around 6.5 cal kyr BP
(Giraudeau et al., 2000). They also agree with
the warm Atlantic Chronozone of Jansen and
Bjoerklund (1985). Both records (coccolithophorid
as dinocyst based), however, show a cooling trend
after 6 cal kyr BP, confirming the result of the
multiproxy study of Marchal et al. (2002).

The relatively good correlation observed along
the record between percentages of the dinocyst
Nematopshaeropsis labyrinthus and those of the
foraminifer Globorotalia inflata (Fig. 7) supports
the conclusion that the depicted discrepancies in
the quantitative estimations of the SST express
the ecological particularities of the proxies. An
unusual event, occurring between 11 and 9.5 cal
kyr BP and where maximum percentages of these
two species are observed, especially illustrates this
observation. According to planktic foraminiferal
reconstructions, this event marks a sea-surface
warming. Nevertheless, considering the ecological
preferences of N. labyrinthus, this event should be
reinterpreted in terms of nutrient availability, as
this species is actually associated with nutrient-
rich waters (Turon and Londeix, 1988; Devillers
and de Vernal, 2000). G. inflata distribution in the
modern foraminiferal database also supports this
interpretation. In fact, this species displays high
percentages off the coast of Morocco, in a sector

directly influenced by the upwelling cell of the
northwestern African margin. In this case, G. in-
flata therefore records the double signature of
high temperatures and high nutrient availability.
The MAT reconstructions, limited to SST, could
not trace this particularity. Our study shows,
therefore, that comparison of the tracers is a
good way to avoid misinterpretation of the data.

Another divergence in the Holocene SST recon-
struction is that foraminiferal-based February
SSTs are very smooth after 10 cal kyr BP, where-
as the dinocyst-based February SSTs reveal sev-
eral large oscillations (up to 4°C). No a-priori
climatic mechanism could justify these oscilla-
tions, and the 1.5-kyr cycles identified by Bond
et al. (1997) and then recognised in the Emiliania
huxleyi percentages of core MD95-2015 (Girau-
deau et al., 2000) do not match with the dinocyst
cycles. These oscillations are accordingly more
questionable as the SST signal depicted is often
not coherent throughout the seasons, showing on
some events a warming in February and a cooling
in August (and vice versa). Although dinocysts
constitute a very sensitive tool to determine sea-
sonality (de Vernal and Hillaire-Marcel, 2000),
the only factor that could justify such SST diver-
gence, we cannot be totally confident about the
quantified SST values. So far, no other data have
confirmed the dinocyst transfer function results.
The MD95-2015 Holocene record shows that in-
formation is lacking to enable unambiguous inter-
pretation.

In summary, with regard to quantification re-
sults and procedures, the proposed data compar-
ison for the Holocene does not argue for one
quantitative method or another. It underlines,
however, the subjectivity of the tracer used and
especially shows the danger of blind applications
of the transfer functions, since each proxy records
more that one type of information. Relative per-
centages are in some case much easier to interpret
for the purposes of palaeoceanographic recon-
struction.

6. Conclusions

The study of organic-walled dinoflagellate cysts
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of the interglacial sections of core MD95-2015
(MIS 5, Holocene) has revealed major and minor
changes in the identified assemblages; such bio-
logical changes are coherent with stratigraphical
and palaeoclimatological changes identified in the
South Icelandic Basin from other available prox-
ies.

Two dinocyst species especially have displayed
significant results: Spiniferites mirabilis, that de-
picts an apparent blooming phenomenon during
the interglacial optima, and Operculodinium cen-
trocarpum that seems to monitor the North At-
lantic Drift/IC pulsations in the South Icelandic
Basin.

Combined data of Spiniferites mirabilis concen-
trations and percentages allow the identification
of only two marked periods of occurrence of
this taxon, i.e. at the base of MIS 5 and in the
middle of MIS 1. This species occurs in signifi-
cantly larger proportions during the Last Intergla-
cial Period (MIS 5e) than during the Holocene,
thus suggesting a warmer climate during the
Last Interglacial. Nevertheless, its association
with Bitectatodinium tepikiense at this period
underlines a non-analogous situation between the
two interglacial sequences. PCA on the whole di-
nocyst community also confirms this observation
(especially prominent on PC02 — 22.76% of the
variance). Our data, however, confirm that S. mi-
rabilis alone could represent a useful climato—
stratigraphical tool to identify thermal optima in
the subpolar basin of the North Atlantic Ocean.

Throughout the studied interglacial sections,
Operculodinium centrocarpum occurrence is char-
acterised by large peaks in relative abundance
that are recorded during warm periods as well
as cold periods. These percentage fluctuations
seems to reflect variation in the intensity of the
deep and sea-surface circulation of the region.

In the Holocene section, dinocyst results were
occasionally in conflict with the other proxy of
sea-surface parameters that planktic foraminifera
represent. We could nevertheless infer, on the ba-
sis of our study, that the beginning of the Holo-
cene seems to be marked by an episode of nu-
trient-rich cool waters in the South Icelandic
Basin. This was followed by a period with higher

SSTs from 9 to 6 cal kyr BP (8-5.2 '*C kyr BP)
that matches with the Atlantic Chronozone.

With regards to the tools used for this study,
comparison of the dinocyst based reconstructions
with the planktonic foraminiferal ones have
shown the limitations of the statistical quantita-
tive approaches. In some cases the ecological in-
formation is oversimplified, leading to palaeocli-
matic misinterpretations. This highlights the
importance of multiproxy approaches, as they of-
fer improved discrimination among various eco-
logical forcing parameters.
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Appendix 1

Taxonomic list of the dinoflagellate cyst taxa
from this study (Fig. 8). The identification of
the dinoflagellate cysts follows Turon (1984) and
Rochon et al. (1999). The nomenclature conforms
to Williams et al. (1998) et Head et al. (2001).

Division: DINOFLAGELLATA Biitschli, 1885
Fensome et al., 1993

Subdivision: DINOKARYOTA Fensome et al.,
1993

Class: DINOPHYCEAE Pascher, 1914

Order: GONYAULACALES Taylor, 1980

Family: GONIODOMACEAE Lindeman, 1928
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Fig. 8. Photomicrographs of the dominant dinoflagellate cyst taxa from this study (X400). (a) Brigantedinium spp., MD95-2015-0
cm. (b) Operculodinium centrocarpum, MD95-2015-0 cm. (c) Spiniferites elongatus, MD95-2015-0 cm. (d) Bitectatodinium tepi-
kiense, MD95-2015-1510 cm. (e) Nematosphaeropsis labyrinthus, MD95-2015-1510 cm. (f) Pentapharsodinium dalei, MD95-2015-0
cm. (g) Spiniferites mirabilis, MD95-2015-1850 cm.
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Alexandrium excavatum (Braarud 1945) Balech
and Tangen 1985

Family: GONYAULACACEAE Lindeman, 1928

Ataxiodinium choane Reid 1974

Bitectatodinium tepikiense (Wilson, 1973)

Impagidinium aculeatum (Wall 1967) Lentin and
William 1981

Impagidinium pallidum Bujak 1984

Impagidinium paradoxum (Wall 1967) Stover and
Evitt 1978

Impagidinium patulum (Wall 1967) Stover and
Evitt 1978

Impagidinium sphaericum (Wall 1967) Lentin and
Williams 1981

Impagidinium  strialatum (Clarke and Verdier
1967) Stover and Evitt 1978

Impagidinium spp. Indet. Stover and Evitt 1978

Lingulodinium machaerophorum (Deflandre and
Cookson, 1955) Wall, 1967

Nematosphaeropsis labyrinthus (Ostenfeld, 1903)
Reid, 1974

Operculodinium  centrocarpum (Deflandre and
Cookson, 1955) Wall, 1967

Operculodinium israelianum (Rossignol 1962) Wall
1967

Operculodinium janduchenei Head et al., 1989

Operculodinium short processes

Pyxidinopsis reticulata (McMinn and Sun 1994)
Marret and de Vernal, 1997

Spiniferites bentorii (Rossignol 1964) Wall et Dale
1970

Spiniferites bulloideus (Deflandre and Cockson,
1955) Sarjeant, 1970

Spiniferites delicatus Reid 1974

Spiniferites elongatus Reid 1974

Spiniferites frigidus Harland and Reid, in Harland
et al., 1980

Spiniferites lazus Reid 1974

Spiniferites membranaceus (Rossignol 1964) Sar-
jeant 1970

Spiniferites mirabilis (Rossignol 1964) Sarjeant
1970

Spiniferites ramosus (Ehrenberg 1838) Mantell
1854
Spiniferites pachyderma (Rossignol 1964) Reid

1974
Spiniferites spp. Indet. Mantell 1850

Order: PERIDINIALES Haeckel, 1894

Suborder PERIDINIINEAE (autonym)

Family CONGRUENTIDIACEAE Schiller 1935

Brigantedinium spp. Reid, 1977 (includes all the
specimen of Brigantedinium species grouped be-
cause of crumpled aspect of the cysts)

Selenopemphix nephroides (Benedek, 1972) Bujak
in Bujak et al., 1980, Benedek and Sargeant,
1981

Selenopemphix quanta (Bradford,1975) Harland,
1981: synonym: Multispinula quanta

Family PERIDINIACEAE Ehrenberg 1831

Pentapharsodinium dalei Indelicato et Loeblich III
1986

Family PROTOPERIDINIACEAE Balech, 1988
nom. cons.

Islandinium minutum (Harland and Reid in Har-
land et al., 1980) Head et al., 2001

Trinovantedinium applanatum Reid 1977 = Proto-
peridinium pentagonum (Gran 1902) Balech
1974

Peridinoid

Subclass GYMNODINIPHYCIDAE Fensome et
al., 1993

Order GYMNODINIALES Apstein 1909

Family POLYKRIKACEAE Kofoid et Swezy
1921

Polykrikos schwartzii Biitschli 1873
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