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ABSTRACT — Paleoceanographic surveys can be performed from the quantitative study of calcareous nannofossils since
variations in the nannoflora through time indicate a biotic response to environmental changes. In this study, two preparation
techniques of calcareous nannofossils slides - the conventional smear slide and the random settling techniques - were
compared in order to investigate which method is better in quantitative studies for paleoceanographic reconstructions. The
adaptation of sample preparation methods allows studies of relative and absolute abundances of calcareous nannofossils.
Although the random settling technique requires a much longer preparation time, it allows the calculation of the number of
coccoliths per gram of sediment. This, together with the relative abundance and stable oxygen and carbon isotopic data
allowed a more detailed analysis of paleotemperature and paleoproductivity. The Gephyrocapsa genus showed good
correlations with 8'30 and 8'3C, indicating an influence of temperature and nutrient availability on the abundance of this
genus.
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RESUMO - Levantamentos paleoceanograficos podem ser realizados a partir do estudo quantitativo de nanofosseis
calcarios, uma vez que alteragdes na composi¢ao da nanoflora, ao longo do tempo geoldgico, indicam uma resposta bidtica
as mudangas ambientais. No presente trabalho foram comparadas duas técnicas de preparacdo para nanofdsseis calcarios, a
fim de se demonstrar qual a mais adequada para uso em estudos quantitativos em reconstrugdes paleoceanograficas. A
adapta¢do de métodos de preparagdo de amostras permite comparar abundancias relativas e absolutas em estudos de
nanofosseis calcarios. As técnicas utilizadas foram descritas anteriormente e diferem basicamente no tempo de preparagdo
das laminas e na precisdo da andlise quantitativa. A preparacdo de laminas de nanofdsseis calcarios, a partir da técnica de
decantacdo aleatoria, permite o calculo do numero de cocolitos por grama de sedimento, e este, aliado as abundancias
relativas e dados isotopicos de oxigénio e carbono, possibilita uma analise mais detalhada da paleotemperatura e
paleoprodutividade. O género Gephyrocapsa mostrou boas correlagdes com 6'30 e 6'°C, indicando uma influéncia da
temperatura e da disponibilidade de nutrientes na abundancia deste género.

Palavras-chave: Nanofosseis calcarios, estudos quantitativos, paleoceanografia, técnicas de preparagio.

INTRODUCTION

Biogenic oozes are chiefly composed of calcareous or
siliceous tests of marine organisms. For paleoclimatic studies,
the most important calcareous materials are the tests of
foraminifera and the much smaller tests, and/or tests
fragments, of calcareous nannofossils informally known as
coccoliths (Bradley, 1999).

Calcareous nannoplanktons are an important part of the
phytoplankton in the marine realm and have been one of the
major open-ocean primary producers since the Triassic. They
are also the most productive carbonate-secreting organisms
on earth (Baretta-Bekker et al., 1998). The coccoliths, minute
calcified plates produced by haptophyte algae, are a major
component of pelagic carbonates (Roth, 1994).

The distribution of calcareous nannoplankton is strongly
influenced by climatic and oceanographic conditions. They
are widespread throughout the oceans and are important
indicators of oceanographic changes with different species
being sensitive to climatic change and variations in nutrient
contents (Mostajo, 1986; Roth, 1994; Flores & Sierro, 1997,
Henriksson, 2000; Herrle, 2003; Buccianti & Esposito, 2004).

As aresult of their extensive occurrence, great abundance
in deep-sea sediments, rapid evolution and exclusively
planktonic nature, calcareous nannofossils have been broadly
employed in biostratigraphy (Young, 1991; Okada, 2000),
geochemistry (Buccianti & Esposito, 2004; Thierstein et al.,
1977; Steinmetz, 1994), biogeography (Okada, 1992; Roth,
1994), and paleoceanography-paleoclimatology (Giraudeau,
1992; Beaufort et al., 1997; Toledo, 2000; Buccheri et al., 2002).
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In paleoenvironmental studies, quantitative analyses
(absolute and relative abundances) as well as qualitative ones
(assemblage composition) are of great significance. However,
the long-term abundance fluctuations and rapid evolutionary
rates of calcareous nannofossil are only evident when
quantitative studies are performed.

Different species in various abundances characterize
equatorial to subpolar regions (McIntyre & Bé, 1967; Okada
& Honjo, 1973; Winter et al., 1994). Time-progressive
variations in the composition of calcareous nannofossils
indicate biological responses to environmental changes
(Matsuaoka & Okada, 1989). In order to estimate coccoliths
abundance in sediments and identify fossil associations,
conventional counting methods are employed (Okada, 1983;
Okada, 1992).

The aim of the present study is to make a quantitative
study of calcareous nannofossils in the NW South Atlantic
Ocean by using the random settling technique in order to
observe paleoceanographical changes in the last 30 kyr.

The traditional techniques of slide preparation only
allow an assessment of the relative abundance of calcareous
nannofossil’s species. Relative abundance gives a good
indication of the general assemblage character, but
percentage data could mask inherent species-by-species
variations. This technique has been broadly employed in
Brazilian studies.

Conversely, Flores & Sierro (1997) proposed a random
settling technique. This is a rapid and easy method to obtain
slides on which the coccoliths are evenly distributed, and
presents a possibility of standardizing the procedure and
producing large series of samples in order to save time.

Random settling technique also allows estimating
coccolith absolute abundances in number of coccolith
specimens per gram of sediments, by converting the amount
of calcareous nannofossils into nannofossil fluxes when
precise age models and sediment densities are available
(Flores & Sierro, 1997; Ferreira & Cachao, 2003).

MATERIAL AND METHODS

Sixteen deep-sea sediment samples (sample intervals of
10 cm) from one high-resolution piston-core (ESP-8)
recovered from Campos Basin (21°18°41”’S,39°04°00”W; 1,995
m water depth; Figure 1) were prepared by the random settling
technique.

The chronological framework of the core was based on
the correlation of the oxygen isotopic record of benthic
foraminifers with the SPECMAP chronology of Martinson et
al. (1987), as well as Accelerator Mass Spectrometer
radiocarbon datings based on two samples of monospecific
planktonic foraminifer Globigerinoides ruber (Table 1). The
data were compared with the oxygen and carbon isotope
record (Toledo, 2000).

Procedures (after Flores & Sierro, 1997)
A total of 0.100 g of dried sediments were weighed using
amicrobalance (Digimed KN500). The materials were diluted
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Figure 1. Location map of Core ESP-8.

in 10 ml buffering water (0.2 g NaHCO,, 0.15 g Na,CO, and
0.08 g of unflavoured gelatine “Gold Gelatine” per litter of
distilled water). The gelatine was added to the solution to
reduce natural surface tension. After the mixture had been
vigorously shaken and then left to settle for three minutes,
the upper solution was dropped onto a settling device
(nannodrome) which includes a coverslide (4 cm x 2.5 cm)
previously placed on the bottom of a Petri dish (25.518 cm?).
The mixture was kept on a stable, horizontal surface under
room temperature settling for at least 12 hours. After this
time the fine fraction completely deposited and the water
was drained carefully using short strips of filter paper. Then
the disk was transferred to a heater at a temperature of about
60°C. When the disk dried a coverslide was mounted with
Canada balsam.

Table 1. ESP-8 chronology.

Depth (cm) Age (kyr)
0 0.21
7 248
13 4.38
19 6.28

25 8.18
31 10.08
37 11.98
45 14.51
51 16.41
57 18.31
64 20.42
70 22.23
76 24.03
82 25.84
89 27.95
99 29.98
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Figure 2. Relative (continuous lines) and absolute (dashed lines) abundances. A, Emiliania huxleyi; B, Gephyrocapsa sp.; C, Florisphaera

profunda; and oxygen (D) and carbon isotope (E) records.

Quantitative analyses

In order to estimate absolute and relative abundance of
calcareous nannofossils, the 16 slides were examined using
an Olympus BX-41 light microscope under cross-polarized
and transmitted light at 600x and 1000x magnification.
Quantitative analyses were performed by counting at least
300 specimens in random fields of view (Okada, 1992; Roth,
1994).

The relative abundance was determined in each sample.
Although relative abundance gives indications of alterations
in dominance of different species in the assemblages it
contains very little information about the absolute numbers
of specimens of these species in the group (Henriksson,
2000). The fixed sum constraint on percentage data has an
effect on the relative abundance data, i.c., if one species
increases, others must decrease.

Absolute abundance (AA) of nannofossils expressed in
number of specimens per gram of sediments (nanno/g) was
then estimated using the following formula:

AA=nx (V/Vp) x(P/A)x1/W,

where n = number of specimens counted, V = volume of
water added to the dry sediment (10 ml), \ volume dropped
onto the Petri disk, P, = area of the Petri disk, A = area of one
fields of view, and W = weight of sediments (Flores & Sierro,
1997).

RESULTS

Relative abundances of calcareous nannofossil species
obtained are reported in Table 2. Nannofossil absolute

abundances estimated by random settling technique are
presented in Table 3.

According to AMS dating and oxygen isotopes, the
samples comprise the Marine [sotopic Stages (MIS) 1, 2 and
3. MIS 2 comprises Last Maximum Glacial (23-19 kyr) (Mix et
al., 2001). The absolute and relative abundances of all 11
species observed and counted vary throughout the core.

Florisphaera profunda is the most abundant calcareous
nannofossil species. The relative abundance ranges from
36.57% t0 52.92% (mean 44.74%), and the absolute abundance
varies from 2.94 x 10" to 1.08 x 10" nanno/g (Figure 2B).

The second most frequent species is Gephyrocapsa sp.
(23.90% to 42.52%, mean 33.2%; 2.82 x 10'2to0 6.85 x 10"
nanno/g) (Figure 2C). It is followed by Emiliania huxleyi
which ranges from 4.56% to 14.34% (mean 9.45%) in relative
abundance and from 6.36 x 10" to 1.99 x 10'? nanno/g in
absolute abundance (Figure 2A).

The other subordinate species observed represent less
than 10% of total calcareous nannofossil assemblages. Those
species representing less than 6% reach a maximum 1.00 x
102 nanno/g.

The major absolute and relative abundance of F. profunda
during MIS 2 and 3 and a drop in its values in MIS 1 contrasts
with Gephyrocapsa sp. relative abundance behaviour, which
tends to be pronounced all throughout MIS 1 and reduced
during MIS 2 and 3. On the other hand, its absolute abundance
is slightly higher in MIS 2 and 3 than in MIS 1.

There is an opposite behaviour in abundance between F.
profunda and Gephyrocapsa throughout the core. These
variations clearly characterize the Pleistocene/Holocene
boundary (MIS 2-1) at 12 kyr (37 cm) and MIS 3-2 at 22kyr (70
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Table 2. Relative abundances of calcareous nannofossils species in Core ESP-8.
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0 0.31 0.61 0.77 0.00 9.83 51.46 26.42 2.00 0.00 2.46 1.84 2.30
7 0.00 0.32 0.32 0.00 1.41 48.26 27.92 0.79 0.00 0.47 2.37 2.37
13 0.20 1.41 0.00 0.00 14.34 36.57 37.78 2.02 0.00 1.01 2.83 1.21
19 0.18 0.73 0.73 0.00 13.53 44 .42 32.91 0.91 0.00 0.37 1.83 1.83
25 0.00 1.34 0.76 0.00 12.43 38.81 38.05 2.29 0.00 1.34 1.53 1.72
31 0.18 1.43 0.71 0.00 8.91 43.85 37.08 1.07 0.18 1.43 2.50 2.14
37 0.00 0.66 1.33 0.00 6.98 39.37 42.52 1.50 0.00 1.83 2.49 1.83
45 0.16 0.31 1.09 0.00 8.84 51.63 28.53 1.40 0.47 1.86 217 1.86
51 0.00 1.30 1.13 0.00 11.35 48.30 30.96 0.97 0.00 1.62 2.76 0.97
57 0.16 0.94 1.10 0.00 7.36 50.39 30.99 1.10 0.16 1.25 4.38 0.47
64 0.29 1.45 1.89 0.00 5.52 49.27 29.65 1.45 0.58 1.74 4.07 1.02
70 0.65 0.49 1.47 0.00 5.06 49.27 30.67 2.45 0.65 212 5.06 0.16
76 0.00 1.66 1.36 0.00 8.02 52.80 23.90 1.66 0.15 1.97 5.14 1.36
82 0.16 1.93 1.28 0.00 5.30 49.76 29.70 1.12 0.16 2.57 5.62 0.96
89 0.00 1.85 1.57 0.00 4.56 52.92 27.53 1.85 0.29 2.00 3.71 1.43
99 0.00 3.00 1.74 0.00 6.00 47.71 29.07 1.74 0.00 2.21 4.74 1.74

cm). However, their absolute abundances show the same trend
along the core (Figure 2B, C). At 12kyr, both F profunda and
Gephyrocapsa sp. show a marked decline in absolute
abundance.

In a general view, comparing quantitative data with the
isotopic data provides two situations: (i) most calcareous
nannofossils observed are in opposition to the oxygen
isotope curve throughout the core, and (ii) the bulk of the
species are in agreement with the carbon isotope curve during
MIS 2 and 3, but are discordant during MIS 1. The only
exception is Gephyrocapsa sp., of which the relative
abundance slightly agrees with the oxygen and carbon
isotopic curves along the whole core (Figures 2B, D, E).

DISCUSSION

Down-core abundances of calcareous nannofossil
suggest a different climatic regime response during the last
30 kyr. Relative and absolute abundances of different species
vary wildly throughout the core following variations in
productivity and temperature. Most taxa have a decrease in
abundance from MIS 3 to 1, which strongly characterizes the
transition from glacial to interglacial conditions.

Glacial temperatures are supposed to be colder (~2-3 °C)
at the location of the core (Toledo, 2000; Costa, 2000). Glacial
intervals are known to be more productive than interglacial
ones due to strong seasonal contrast, wind strengthening
and consequent upwelling intensification globally (Bradley,
1999; Henriksson, 2000). The different environmental

conditions result in distinct nannofloral compositions
between MIS 3-2 and 1, with marked changes in absolute
and relative abundances. E. huxleyi and Umbellosphaera
sp. clearly increase while all the other species decrease.

All species contributing to the MIS 1 assemblages are
also present during glacials, although relative and absolute
abundances vary. Pronounced variations in relative
abundance of lower photic zone dweller, F. profunda
(Okada, 1983, 1992) has been shown to reflect variations
in the nutricline (and thermocline) depth (Molfino &
Mclntyre, 1990) and productivity fluctuations (Beaufort
et al., 1997; Henriksson, 2000). High relative abundance
of F. profunda indicates low productivity with a deep
nutricline, which means a nutrient-depleted upper photic
zone. Except for F. profunda, all other species are
considered to live mainly in the upper photic zone. The
decrease of F. profunda relative abundance in the sample
can reveal changes in the transparency of superficial
waters, since the species depends on sun light for its
development. Ahagon (1993) observed that there is a good
correlation between the abundance of F. profunda and the
transparency of the water column, in the present, in the
northeast Pacific Ocean. In regions of great water
transparency, F. profunda occurs abundantly. In open
ocean, the transparency is greatly influenced by the
primary production of superficial waters.

Absolute abundance of Gephyrocapsa sp. decreases from
MIS 1 to MIS 2, suggesting the decrease of surface water
productivity. On the other hand, relative abundance of this
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Table 3. Number of nannoliths per gram of sediment of calcareous nannofossils species in Core ESP-8.
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species increases as relative abundance of F. profunda
decreases, suggesting a higher productivity in superficial
waters associated to the ascent of thermocline and nutricline.
It is clear that productivity is higher during MIS 2 than during
MIS 1, which is supported by the carbon isotopic record and
total abundances. Although the relationship between the
relative abundances of Gephyrocapsa sp. and F. profunda is
apparently indicating a deeper nutricline and thermocline
during MIS 1, the productivity of superficial waters is lower
in this period.

There is an increase in Gephyrocapsa sp. relative
abundance between 12-10 kyr. Similar trends were observed
in the absolute and relative abundance of E. huxleyi and
Umbellosphaera sp., which suggests high productive
surface waters corroborated by carbon isotopic data. For
most species of calcareous nannofossil assemblages we
have found similar results to the ones of Gephyrocapsa
sp., though there is a slight deviation between relative and
absolute abundances of this species during MIS 1. In view
of that, we speculate a deeper nutricline and thermocline,
hence less productive surface waters during MIS 1 than
during MIS 2 and 3.

Absolute abundances and relative abundances point to
conflicting conclusions. The introduction of absolute
abundances in the study showed to be very important since
these data seem to be directly correlated to productivity.

The traditional techniques produce thicker slides than
those by random settling. “Surprisingly” this thickness could

make counting procedure difficult and time-consuming. This
is because preparation of consistently well-spread slides for
nannofossil counting is arbitrary. For that reason, frequently,
many fields of view hard to achieve under light microscope
must be counted in real-life work.

CONCLUSIONS

The use of quantitative studies of certain calcareous
nannofossils taxa with isotopic carbon data demonstrated to
be useful for the evaluation of the productivity of the superficial
ocean. Down-core abundances of calcareous nannofossils
suggest a different climatic regime response during the last 30
kyr. The absolute abundances of Gephyrocapsa sp. confirmed
the carbon isotope record, indicating higher productivity during
MIS 2 than during MIS 1.

The random settling technique displays a data that other
techniques do not, the absolute abundance. This one
demonstrated to be very important in quantitative studies,
since it gives us support to infer mainly about productivity.

Additionally, this procedure produces homogeneous, well-
distributed slides, which help species identification as well
as quantitative analyses. Moreover, it allows a derivation of
both relative and absolute abundances, both recognized as
useful paleoceanographic tools especially when combined
with isotopic datasets. These results can help better
understand paleoproductivity variations due to climate and
environmental changes.
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