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INTRODUCTION

Calcareous nannoplankton are abundant throughout the eight meter pro-
file of the Lower Pliocene of Capo Rossello.
The purpose of the pilot project was to standardize counting techniques

suitable for the quantitative evaluation of calcareous nannoplankton and to
consider the various factors that may affect the end result. A quantitative
approach demands consistency and a solution to certain problems connected
with the preparation, viewing, and counting procedure, the "taxonomic
units" to be counted, and a critical look at selective oceanographic and pre-
servation filters which can alter the original species composition. Only then
is it plausible to make interpretations concerning paleoecology and/or
"accuracy in correlations".
The stratigraphic interval studied (Brolsma and Broekman, this volume)

can be assigned to the Ceratolithus acutus Zone (Cita and Gartner, 1973;
= the C. amplificus Zone of earlier authors). This zone is defined as the inter-
val from the entry of Ceratolithus acutus to the entry of Discoaster asym-
metricus. The evolutionary development of the ceratolithids (Amaurolithus
tricorniculatus via Ceratolithus acutus to C. rugosus) forms a significant
lineage for recognizing the lower zones in the Pliocene. However, the cerato-
lithids are often very rare in Lower Pliocene samples from the Mediterranean
region (Bukry, 1973a; Schmidt, 1973). Only a few Amaurolithus specimens
were encountered in the 200 counts, but no Ceratolithus acutus. The latter
species was found in a few samples by scanning at lower magnification for a
period of an hour or longer.
Associated criteria for recognizing the C. acutus Zone are few. It has been

noted in other sections from the Mediterranean region that there is an in-
crease in frequency in thin-rayed Discoaster surculus above the Miocene/plio-
cene boundary (Schmidt, 1973). For the first time this species is sometimes
present in sufficient numbers to enter 200 counts.

PREPARATION, VIEWING, AND COUNTING PROCEDURE

Because of their small size and abundant occurrence in pelagic sediments,



calcareous nannofossils make good subjects for statistical approaches. Pelagic
oozes, as represented by the Trubi formation, contain up to 1012 specimens
per cm3 (Mohler and Hay, in Hay et al., 1967). A normally prepared slide
with well-dispersed coccoliths and discoasters generally contains between
105 and 106 specimens. Such a large collection can often be scanned rapidly
to detect the presence or absence of index species (Hay, 1972).
Samples were made ready for observation by using the smear-slide techni-

que. Approximately 10 grams of each sample were moistened in a small
sample bottle with distilled water. The tip of a toothpick was used as a spa-
tula to scrape a small quantity of sediment from a moistened fragment. The
small point of sediment was vigorously rubbed on a cover glass until it was
completely in suspension and evenly spread on the cover glass. After drying
on a hot plate, the cover glass was mounted on a glass slide with Canada
balsam. This technique has the advantage that differential settling of the
clay-sized particles containing the nannofossils (2-25 /1) is kept to a mini-
mum. The split is nothing but a "scratch" of the total sample in the bottle;
it does not have to be representative for the sediment in the bottle. This
procedure is different from those used for the other groups of microfossils
studied in our project in which a random split is made of a larger "com-
posite" sample.
The smear-slide technique was preferred to a method involving a tiny

split of a much larger volume of sediment in suspension for fear of frac-
tionation effects in the latter method (e.g. Mc Intyre and Be, 1967; Schra-
der, 1974). With our technique there is much less chance of differential
settling and there is no need for a more rigorous standardized procedure.
However, a measured pipette method is essential for calculating the total
number of nannoplankton per unit weight (or volume).
The method used to view the very small calcareous nannoplankton has a

marked effect on the counting results. In general, counting of nannoplank-
ton in the transmission and the scanning electron microscope is suitable
only for well-preserved nanno-oozes not obscured by fine debris (Gartner,
1972). Because counting with the light microscope involves an inherent
resolution limit most coccoliths of less than 3 fl in diameter are not deter-
minable.
The highest magnification of the Leitz Orthoplan microscope (1250 X)

was used for all counts. A template mounted in the ocular, a standard Leitz
accessory used to distinguish the photographic field of the automatic came-
ra, defined one field. This field when tested with an objective micrometer
appeared to measure 57 fl X 86 fl. A traverse, a multiple of the 57 fl field
width, was begun from the same fixed point for each slide (coordinates



10.0 mm and 100.0 mm on the substage calipers). The traverse moves from
100.0 mm in the direction of 118.0 mm until 200 specimens are counted.
If necessary, a second traverse was begun at 8.0 or 12.0 of the vertical scale,
and begun again at 100.0 mm of the horizontal scale until 200 specimens
were found.

II l
ONEFIELD
WITH 100x
OBJECTIVE

, ;) ----;..
TRAVERSE LENGTH

in mm.

. Number of Specimens 200
AverageConcentratlon:-------- --- _

Number of Fie I dS Travers. LengthjO.057

Fig. 1 Counting method illustrated by reference to one field in a template mounted in the Leitz
Orthoplan microscope (a). Traverse lengths for all counts are recorded from which an
average concentration can be calculated (b, c).

The traverse length in mm was recorded, from which an average concentra-
tion can be calculated (fig. 1). By experiment it was found that at this
magnification useable concentrations for the Capo Rossello samples varied
from 1 to 8 counted specimens per field. The smear-slides used were some-



what thinner than in normal routine investigations to prevent stacking of
coccoliths that may obliterate others from the counts. If the concentration
was not in this range, or if it contained too many "clusters", a new smear
slide was made.
All counts were made with the help of a person who served as counter.

In this way, one hand is free to slowly turn the substage caliper while the
other hand changes the focus. At the time of this project, we had counted
already over 200 samples in this manner; my helper was able to tick-off the
species on a work sheet about as fast as I could identify them.
A "half-polarized" light was used routinely for observation, i.e., the

analyzer turned towards 45° so that both the species characteristics for
discoasters and coccoliths could be seen. When necessary for species deter-
mination, full-polarized light also was used by turning the analyzer to 0°
in the case of some coccolith species.

TAXONOMIC UNITS COUNTED

Several factors affect the choice of which "taxonomic units" to count.
In samples with mixed preservation, such as the short Capo Rossello sec-
tion, a "lumping approach" was considered advisable. Let us presume,
as in the case of the Cyclococcolithus leptoporus group, that there are some
clear "end members" or varieties that are identifiable. However, there are
many specimens that cannot be clearly assigned to one or other of the
varieties. These unidentifiable specimens must be assigned to a "variety
indeterminate" category, the numbers of which increase inversely with the
state of preservation. Poor preservation will obstruct any attempt to single
out the types.
Another reason for lumping species is that the specimens occur so rarely

that they would not enter the counts consistently unless recognized at the
genus level. For example, all species of Discoaster are considered as one
category in 200 counts. And finally, the paleoecological significance of the
relative counts is sufficiently well served at the genus level.
Nine species or genus categories are represented in the 200 counts above

the 1% level. Coccolithus pelagicus and the Cyclococcolithus leptoporus
group dominate the counts; these two groups comprise about 75% of the
total. The categories of second ranking that generally occur in percentages
between 5% and 20% of the total, include the Helicosphaera carteri group,
Reticulofenestra pseudoumbilica, Cyclococcolithus rotula and Sphenolithus
abies. The categories of Pontosphaera + Scyphosphaera, Discoaster, and
Rhabdosphaera procera generally vary between 1%and 5%



In addition to the species or genera counted, another category was estim-
ated as "outside counts". Coccoliths, generally less than 3 fl, of not readily
identifiable species, were estimated at a factor of 10. So, the counted part
of the assemblage forms a subset of the total coccolith population. The re-
lative abundance of small coccoliths is thought to have important consequen-
ces for the results of the quantitative study which will be discussed later.

Horizontal variations

One important question to be asked is how much "precision" there is in
the relative 200-count method in practice. Horizontal variations were tested
by making 10 repeated 200 counts for three different experiments.
The first experiment involves the variation in counts for each species or

genus category from one prepared slide taken from sample CRP 39. The data
are expressed in histograms (fig. 2a, b) for 200-counts and 100-counts,
respectively.
The second experiment involves 200-counts from 10 different slides of the

same sample. It is postulated that a sample from non-laminated sediment
might be more homogeneous in its distribution of nannoplankton than a
sample from a laminated sediment. Counts made from different slides of a
non-laminated sample would show less variation in percentages of the
counted categories than similar slides from a laminated sample. The results
of this experiment on non-laminated sediment (CRP 21, slides 1-10) and on
laminated sediment (CRP 22, slides 1-10) are shown as histograms in
figures 3 and 4.
The third experiment involves two slides from each of five samples collect-

ed laterally along one laminated layer (CRP 22 - CRP 26). Repetitive 200-
counts give some measure of the maximum variation to be expected depend-
ing upon the chance selection of a "point" sample in one horizontal layer
(fig.S).
The results of the three horizontal experiments are expected to be nested

in the same order as presented. Variation in repeated counts from one slide
would be less than in counts from different slides of the same sample. Varia-
tion in repeated counts based on different slides from a sample of more
homogeneous, non-laminated sediment would be less than in similar counts
from a sample of laminated sediment. Finally, variation in counts from
different slides prepared from lateral samples of the same laminated layer
would be the greatest.
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Fig. 2a Histograms of the species and genus categories based on 10 successive 200-counts (Ex-
periment 1), along one traverse of the same slide, non-laminated sample eRP 39. (For
circled-number coding of genus and species categories, see figure 6).

®

i



Fig. 2b Histograms of the species and genus categories based on 20 successive 100-counts (Ex-
periment 1), along one traverse of the same slide, non-laminated sample eRP 39. (For
circled-number coding of genus and species categories, see figure 6).
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Histograms of the species and genus categories based on 200-counts of 10 separate smear
slides of the non-laminated sample eRP 21 (Experiment 2). (For circled-number coding of
genus and species categories, see figure 6).
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Histograms of the species and genus categories based on 200-counts of 10 separate smear
slides of the laminated sample eRP 22 (Experiment 2). (For circled-number coding of genus
and species categories, see figure 6).
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Histograms of the species and genus categories based on 200-counts of 2 separate smear
slides from 5 lateral samples, CRP 22-26 (Experiment 3). (For circled-number coding of
genus and species categories, see figure 6).
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For each of the 9 species or genus categories in each of the three experi-
ments, a mean value expressed as a percentage and a standard deviation
(S.D.) are calculated from the data obtained. A measure of the reliability
of these counts in relation to random sampling errors is provided by a com-
parison with the binomial standard deviation for the 10 X 200 counts and
the Chi-square test:

2 1 - SD2 10 counts X 9
X va ue - SD2 b' . 1lllomla

A summation of the x2 values for all 9 species or genus categories counted in
each experiment serves as a means to compare the variation of the counts in
practice to what may be expected in a single population (table 1). If the
counts are from one single population, 2:x2 has a Chi-square disbribution with
about 90 degrees of freedom. The value of x2/90 indicates the degree of
variability. In our case a lower 2:x2 value indicates less variation than a
higher value (see M. M. Drooger, this volume).
In the 10 repeated counts along one traverse on the same slide (experi-

ment 1), the variation in all counted categories is well within that expected
for random samples from one population. The 2:x2 value of 66 is below the
critical value of 113, the 95th percentile.
When different slides are prepared and counted (experiment 2), the 2:x2

value goes beyond the critical value of P99 = 123. As a whole, the total
variability in the species or genus categories of the non-laminated sample
seems to be only slightly lower than that for the laminated sample, as may
be seen from the values of 129 and 147, respectively.
Repeated counts on different slides along the same laminated layer

(experiment 3) show markedly higher variations for some taxa resulting
in the high 2:x2 value of 194.
As reflected in the ever increasing 2:x2 values, a summation of the varia-

tion in counted categories becomes greater in the three successive horizontal
experiments. Repeated counts on one slide show a variation in all counted
categories within the interval expected for a normal population. It is con-
cluded that a 200-count on one slide is representative for that slide. When
different slides from a sample are prepared and counted, the deviations for
some species or genus categories are above those expected for random
sampling errors. Probably this indicates that each "point" of sediment
randomly picked from the sample by the smear-slide technique is not from
so homogeneous a sediment that it can be regarded to contain a subsample
of one population. When slides are prepared and counted along the same
laminated horizon, the variation in some species or genus categories increases
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U1 .),Experiment Sta- Cocco- Cyclococ- Helico- Reticulo- Cyclococ-Sphenoli- Ponto- Dis- Rhabdo-
N tistic lithus colithus sphaera fenestra colithus thus sphaera coaster sphaera

Species
pelagi- leptopo- carteri pseudo- rotula abies +Scy- procera
cus rus group umbilica pho-

or genus group sphaera
category...• 1 2 3 4 5 6 7 8 9 I:X2 JI:x2j90'

Experiment 1
10 counts, same slide pin% 34.2 37.25 8.15 7.05 4.05 2.9 2.35 3.5 0.55
non-laminated sample SD 1.86 2.82 1.23 1.09 1.26 1.56 1.18 1.22 0.50
CRP 39 X2 2.8 6.1 3.7 3.3 7.4 14.9 11.0 8.1 8.3 66 0.85

Experiment 2
10 counts, different slides pin % 43.7 29.25 8.0 8.9 2.9 3.05 1.0 2.9 0.3
non-laminated sample SD 4.33 3.99 3.24 3.14 1.61 1.19 1.0 0.97 0.26
CRP 21 X2 13.7 13.8 25.6 22.0 16.7 8.6 18.4 6.0 4.0 129 1.20

10 counts, different slides pin % 37.05 25.95 14.5 7.85 5.8 5.45 1.05 2.0 0.3
laminated sample SD 4.99 3.74 1.55 1.70 2.75 2.58 1.23 0.85 0.63
CRP 22 X2 19.2 13.1 3.5 7.2 25.0 23.1 26.3 6.6 23.4 147 1.28

Experiment 3
10 counts, 2 different
slides pin% 38.45 26.65 12.45 12.0 3.6 4.6 0.85 1.75 0.1

5 lateral samples SD 5.82 3.50 5.18 5.78 1.43 2.02 0.75 0.79 0.21
laminated horizon
CRP 22 to CRP 26 X2 25.8 11.3 44.5 56.8 12.2 16.8 12.0 6.5 8.2 194 1.47

-
X2 test: critical value P95 is 16.9 for 9 degrees of freedom
x2 test: critical value P99 is 21.7 for 9 degrees of freedom

I:x2 value: critical value P 95 is ~ 1'13
I:X2 value: critical value P99 is - 123

Table 1. Statistical treatment of the 10 repetitive counts in the various horizontal experiments (1-3). The two indices of variability, to the right,
are nested in the order as would be expected (see text).



markedly, indicatlr:g a notable horizontal shift in floral composition.
It is also important to analyze which species groups show variations above

what might be regarded as acceptable in the various experiments (table 1).
Perhaps certain species groups consistently show more variation in the re-
peated counts than others. When species groups that have x2 values above
the critical value of 21.7 are considered (table 1, experiments 2 and 3), it can
be observed that the highly variable species groups are not always the same.
In counts made from 10 slides of the non-laminated sediment of CRP 21,

the Helicosphaera carteri group and Reticulofenestra pseudoumbilica show
abnormally high variation; whereas in similar counts from the laminated
CRP 22, several more rarely occurring species groups are most variable in
the relative counts.
The highest variations occur in the counts from the 5 lateral samples

CRP 22 ~ CRP 27 (2 slides each) from the laminated layer for the two
abnormal species groups of the non-laminated sediment, mentioned above.
Those slides in which these two species deviated most from the norm were
re-counted to check whether some kind of lapse in counting procedure
had occurred the first time round. In all cases, the recounts appeared to be
similar to the first counts, thus substantiating the earlier conclusion that
200-counts from one slide are representative for that slide.

Vertical variations

The percentages of the various species groups for the 8-meter Capo Rossel-
10 section (CRP 8-45) are shown in figure 6. Included at each sample level
are the binomial 95% confidence intervals.
The data for each sample, consisting of the counts of the species groups

(1-9), a code for lamination (11) or non-lamination (10), diatom number
(12) (Schrader and Gersonde, this volume), and traverse length (13), were
analyzed with the computer to test for trends and correlations. The results
of these tests with probability levels below 0.10 are shown in table 2 with a
sign indicating positive or negative correlation.
Trends and correlations based on relative counts have to be interpreted

carefully (Berger, 1971). Negative correlations in a closed system may be the
result of "a purely statistical competition for space on a 100% scale", or
expressed less eloquently, as one species group increases, another group or a
combination of others must decrease.
A consideration of causal relationships between the correlations from one

section alone is of dubious value. If the same correlations occur consistently
in different sections, a cause and effect sequence of events may become
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Capo Rossello
CRP 8 -CRP 45

1 Coccolithus pelagicus
2 Cyclococcolithus leptoporus group
11 lamination

decrease
+ increase

decrease

11 lamination
11 lamination
12 diatom number

12 diatom number
13 traverse length
13 traverse length

+ P ~ 0.02
+ P ~ 0.001
+ P ~ 0.05

2 Cyclococcolithus leptoporus
group 12 diatom number P ~ 0.05

3 Helicosphaera carteri group 12 diatom number + P ~ 0.02
3 Helicosphaera carteri group 13 traverse length + P ~ 0.10
4 Reticulofenestra pseudoum-

bilica 13 traverse length P ~ 0.05
6 Sphenolithus 12 diatom number + P ~ 0.02
6 Sphenolithus 13 traverse length + P ~ 0.05
8 Discoaster 11 lamination P ~ 0.05
8 Discoaster - 12 diatom number P ~ 0.02
8 Discoaster 13 traverse length P ~ 0.05

1 Coccolithus pelagicus
2 Cyclococcolithus leptoporus

group
3 Helicosphaera carteri group
3 Helicosphaera carteri group
6 Sphenolithus
7 Pontosphaera + Scyphosphaera -

8 Discoaster
6 Sphenolithus
8 Discoaster
7 Pontosphaera + Scyphosphaera
9 Rhabdosphaera pro cera

+ P ~ 0.01
+ P ~ 0.10
P ~ 0.05
P ~ 0.10

+ P ~ 0.10
Pro bability Level

Table 2. Results of computer analysis to test for trends and correlations with probability levels
below 0.10. Trends that increase or decrease stratigraphically upwards and correlations
that are positive or negative are indicated with a + or - sign, respectively.

more certain. In fact, the study of other sections is now in progress and
represents the next logical step in the "correlation proJect".
However, some conclusions on the trends and correlations on the 200-

count data from Capo Rossello will be attempted, bearing in mind the
limitations mentioned by M. M. Drooger. The short section of the Trubi
studied shows a decreasing upward trend in the relative proportion of
laminated sediment, accompanied by an upward decrease in Coccolithus
pelagicus and an upward increase in the Cyclococcolithus leptoporus group.
If Coccolithus pelagicus represents a "cold-water" indicator, as in Recent
oceans, a general warming trend would be indicated. In none of the other



groups dealt with in this volume can a confirmation of this hypothesis be
found.
The diatom number is correlated to lamination, but not all laminated

layers have high numbers of diatoms. The traverse length needed to observe
200 nannofossils is correlated positively to lamination and also to diatom
number. If the average concentration of clay-sized particles on the smear
slides is consistently random, as intended, then the ratio of calcareous
nannoplankton to other "foreign" particles is less in the laminated samples
and particularly in the laminated samples high in diatom numbers.
The genus Discoaster shows a negative relationship to the positively

correlated triumvirate of lamination-diatom number-traverse length; it is
more common in non-laminated levels. The pair diatom number-traverse
length shows a positive correlation to the genus Sphenolithus and to the
Helicosphaera carteri group.
Correlations between species indicate some of the same observations

already mentioned. The decreasing and increasing trend in Coccolithus
pelagicus and the Cyclococcolithus leptoporus group is indicated by the
negative correlation between the two. The positive correlation between
the Cyclococcolithus leptoporus group and the genus Discoaster is in line
with the negative correlation of these two species groups with diatom
numbers. A positive correlation of the Helicosphaera carteri group and the
genus Sphenolithus is also reflected in positive correlations of the two with
diatom number and traverse length.

LOGARITHMIC PROCEDURES AND ESTIMATES

In the Capo Rossello test section, the important index species are rarely
encountered in the 200-counts. For zonal recognition in calcareous nanno-
plankton biostratigraphy, one tries to determine the presence or absence of
a limited number of, frequently rare, index markers. In many sections from
the Mediterranean region, the Early Pliocene index species do not occur in
sufficient abundance to find even one specimen in 200-counts although most
of these species are easily identifiable. If "accuracy in correlation" is to be
approached, a method has to be employed that can give a better approxima-
tion of the presence or absence of index species. Some kind of logarithmic
estimation procedure is necessary to give a more reliable estimate of the
frequencies of rarer species which generally do not enter into the 200-
counts.
A semi-quantitative method has been applied to calcareous nannoplankton

and involves an estimation of frequencies according to a logarithmic succes-
sion (after Hay, 1970), expressed in different scales.



(Hay, 1970)

100 specimens per field
10-100 specimens per field
1-10 specimens per field
1 specimen in 1-10 fields
1 specimen in 10-100 fields

(Gartner, 1972)

impractical at 1500 X
4
3
2
1

(Rissatti, 1973)

too thick
1
o
-1
-2

This method is useful for giving a ranking of species abundances over four
(or rarely five) orders of magnitude, and does not involve much counting
work. The most common species are eliminated first, and so on, until only
the rare ones are left.
The main objection to the above method is that it is based on the assump-

tion of constant concentrations of nannoplankton of rather thick prepara-
tions. Often it is impossible to prepare a sequence of slides with the same
concentration of specimens. The ratio of calcareous nannoplankton to other
particles can vary markedly, too. For example, this is the case with our
sequence of siliceous and non-siliceous sediments.
An improvement on the technique involves a method of estimating an

average concentration per field, with confidence limits, and then applying
the suggested logarithmic succession to multiples thereof (see Riedel and
Sanfilippo, Zachariasse, and Drooger, this volume).
The limits of the possibilities for logarithmic estimates have been tested

for a laminated and a non-laminated sample. In these cases, the number of
specimens for a comparable traverse length is known as a result of the
repeated count experiments. Thus an average concentration can be calculat-
ed per traverse length. Partly because of dilution by siliceous debris, the
average concentration in the laminated sample is much less than in the
non-laminated sample, as may be seen from the following table:

Laminated sample Non-laminated sample
Slide CRP 22-2 Slide CRP 39-1
Average concentration Average concentration
1.33/field (0.057 X 0.086 mm) 6.33/field (0.057 X 0.086 mm)
or 400 per 17.1 mm traverse length or 2000 per 18.0 mm traverse length

As a result of experience obtained in the 200-counts, we can say that these
two average concentrations represent approximate end members in the
effective counting of specimens in our slides at 1250 X magnification. In
addition, the times needed for the counts and estimates have been taken into
consideration.
For these two samples, 10 repeated 200-counts have been performed, i.e.



a total of 2000 specimens has been counted. If 10 or more specimens of a
species are present in the 2000 total, the species is not considered further
in the logarithmic estimates. Amongst the rare species the abundances of
individual species of Discoaster and Ceratolithus/Amaurolithus are consider-
ed in particular because of their biostratigraphic importance. In the case of
sample CRP 22, specimens of Rhabdosphaera procera and Scyphosphaera,
occurring with less than 10 in the 2000-counts, were also considered in the
logarithmic estimates. A non-quantitative examination of the two samples
CRP 22 and 39 suggested that the two samples differed in the relative fre-
quency of Discoaster not only at the genus level but also at the species level.
Specimens of Discoaster brouweri, Discoaster pentaradiatus, Discoaster
surculus, and Discoaster sp. indet. are included in the logarithmic estimates
for the two samples.
The logarithmic estimates are based on multiple counts of the standard

traverse length so that the frequencies per 10,000 total of specimens can be
estimated: for slide CRP 22-2, 25 X 400 specimens at a traverse length of
17.1 mm; and for slide CRP 39-1, 5 X 2000 specimens at a traverse length
of 18.0 mm. Parallel traverses between 8.0 mm and 12.0 mm were conse-
cutively searched for the above-mentioned species categories on the assump-
tion that the average concentration remains comparable for each traverse.
Distribution tables for each species category per traverse show a consistency
in relative numbers comparable to that of actual counts in the repetitive
count experiments including a similar random variation component.
The logarithmic frequencies of the species in the two samples are indicat-

ed in figure 7, which combines the results from the 10 repetitive 200-counts
and the logarithmic estimates. Of particular interest is the added information
gained by the logarithmic estimates. The species of Discoaster show different
relative frequencies in the two samples. In the non-laminated sample CRP
39, Discoaster surculus is the most frequent species whereas in the laminated
sample CRP 22, Discoaster pentaradiatus is clearly most abundant. Although
the total number of Discoaster is much less in the laminated sample, Dis-
coaster pentaradiatus has a similar frequency in the laminated sample and
in the non-laminated sample. Most strikingly, Discoaster surculus is approxi-
mately 10 times less frequent in the laminated sample. Discoaster brouweri,

Fig. 7 Logarithmic distribution of species in two slides from a laminated and a non-laminated
sample, slides CRP 22-2 and CRP 39-1, respectively. Traverse lengths of 10 repeated
200-counts were used to establish the average concentrations on the slides and the standard
error. Vertical bars for each species represent the standard errors at the 68% confidence
level (see M. M. Drooger, this volume).
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Discoaster sp. indet., Rhabdosphaera procera and Scyphosphaera seem to be
less frequent in the laminated sample.
Species of Ceratolithus/Amaurolithus, a lineage most important to the

zonation, are extremely rare in all Capo Rossello samples. During routine
inspection, sample CRP 39 was found to contain several specimens. In
searching traverses to the 50,000 estimate level, 11 specimens were found,
including only one specimen of the index species Ceratolithus acutus.

SELECTIVE FILTERS

An important factor in interpreting calcareous nannoplankton data invol-
ves the effects of various filters operating on an assemblage from the time
of its production in the photic zone to its recovery from the sediment. It
is essential to have an understanding of the oceanographic factors that alter
the living community on its way to the bottom. One needs to know how
well the death community (thanatocoenosis) represents the living communi-
ty (biocoenosis). Post-depositional filters can further alter assemblages and
their effect will be incorporated in the counts.

Oceanographic filters

Studies of Recent coccolithophore assemblages indicate that only about
one-third of all living species have sufficiently calcified elements to be
preserved (e.g. McIntyre and Be, 1967; Honjo and Okado, 1974). These
fossilizable species have various structural potentials which determine their
chance for preservation through the water column, at the sediment/water
interface, and during post-depositional diagenesis. An important factor is
how the tiny coccolith makes its way from the photic zone to the bottom.
It is now considered as highly likely that the majority of specimens arrive at
the bottom via the "rapid fecal pellet" route (Honjo, 1975, 1976; Roth et
al., 1975). Sampling throughout the water column gives a fairly represen-
tative picture of the assemblages in the photic zone (Honjo, 1975). This is
attributed to the "spilling out" of fresh coccoliths from disintegrating fecal
pellets. Since coccoliths are apparently indiscriminately grazed by copepods,
and presumably by other zooplankton, fairly representative sample "sub-
sets" reach the bottom.
Alteration of nannoplankton assemblages begins in waters undersaturated

in calcium carbonate. The concentration is determined by various oceano-
graphic factors such as temperature, salinity, and circulation patterns. The
coccolith lysocline is rather broad in comparison to that for planktonic



foraminifera. Generally changes in composltlon of coccolith assemblages
occur between 3000 and 5000 m (Berger, 1973; Schneidermann, 1973; Roth
and Berger, 1975). Even though the assemblages are strongly altered, the
calcium carbonate compensation depth for calcareous nannoplankton is
still below that for planktonic foraminifera (Hay, 1970; Schneidermann,
1973) .
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Synsedimentary and diagenetic filters

Dissolution of coccoliths is normally accentuated at the sediment/water
interface, depending upon various geochemical factors, productivity and
sedimentation rate, and the action of burrowers. The fecal pellets of the
rapidly arriving supply disintegrate, releasing the coccoliths which are then
acted upon by the synsedimentary filters. Further alteration occurs after
burial in the compaction/lithification process, the direction of which is
pre-determined by the "initial diagenetic potential" in the synsedimentary
process, as discussed above (Schlanger and Douglas, 1973). Particularly
sediments with a high carbonate content undergo selective solution and
reprecipitation in the compaction/lithification process (figure 8). Smaller
and more delicate coccoliths are amongst the first particles to become
disaggregated to provide the carbonate for precipitation on larger coccoliths
and discoasters (Adelseck et al., 1973). As the process continues the dis-
coasters become so overgrown that they cannot be recognized at the species
level anymore and only structurally strong coccoliths remain identifiable.

Preservation index

Relative counts can be greatly influenced by preservational factors.
Some measure of the state of preservation must be taken into considera-
tion before interpretations can be made. Bukry (197 3b) has presented
a convenient preservation scale based on many qualitative observations.
Each value on the scale has its features of dissolution (0 to -5) or its fea-
tures of overgrowth (0 to +5). This scale is useful for giving an impression
of the total floral assemblage; in detail, overgrowth involves dissolution in
the same assemblage.
Figure 9 is an attempt to rank the effects of dissolution and overgrowth

on the 11 species categories counted in relation to "identifiability" in the
light microscope. The samples analyzed from the Trubi are judged to range
from +2 to +3.5 on the overgrowth side of the scale. It has been noted that
increasing dissolution removes the more delicate "warm" species, so the
assemblage suggests a "colder" aspect than it really has (Schneidermann,

Fig. 9 Estimation of the effects of dissolution and overgrowth on the species or genus categories
counted in relation to the "Qualitative Preservation Scale" of Bukry (1973b). On the left
side, the "Dissolution Index" gives an approximate ranking in the order of fIrst dissolved
to last dissolved (after Roth and Berger, 1975). The height of the strip is an approximation
of the relative "identifIability" of the various genus and species categories as dissolution
(0 to -5) and overgrowth (0 to +5) increase. The moderately overgrown samples from the
8-meter section of the Trubi range between +2 and +3.5 on the scale presented.
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1973). In the same vein, it is considered likely that the analyzed section
gives a "colder" picture than a better preserved section would show with the
same original species composition.

The section chosen for this study makes possible an experiment between
laminated sediments (15 samples) and non-laminated sediments (19 samp-
les). Correlation of species groups that increase or decrease with this change
in lithology are not clear in this section. More of a correlation seems evident
between siliceous-rich sediments and non-siliceous sediments. If the silice-
ous-rich sediments represent times of higher productivity, probably times of
upwelling, the following changes in the nannoplankton are suggested with
this phenomenon: an increase in the Helicosphaera carteri group, an increase
in the genus Sphenolithus, and a decrease in the genus Discoaster. In the
Pacific Ocean, Helicosphaera carteri occurs in greater percentages in gyre
margin waters with higher fertility (Roth and Berger, 1975, p. 101). The
genera Discoaster and Sphenolithus are now extinct so that no Recent com-
parisons can be made. However, Discoaster occurs in greater abundance in
tropical localities (Bukry, 1973b) and is generally considered a "warm-
water" indicator. The above-mentioned suggestion of higher fertility and
lower temperature (upwelling?) for the siliceous-rich, laminated sediments
may be considered as a working model to be tested in other sections.
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