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Introduction

Paleoceanographic studies of radiolarians are generally
explained using results of cluster analysis. When applying
cluster analysis to the total number of specimens of each
species per sample weight, we find that the clusters are divided
by the high and low values of a species per sample weight, but
not according to the similarity in their fluctuation pattern. We
propose that cluster analysis for paleoceanographic studies use
normalized data converted from original occurrence data.

Results

We conducted cluster analysis dealing with raw numerical
abundance data (number of specimens gram™') using the
Windows software “Let’s Stat! Pro” ver. 040917 (http://
homepage3.nifty.com/QZM01222/. only) (Table
1). The cluster analysis uses Ward’s method. This analysis
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was applied to unpublished radiolarian data from the lower
Cretaceous at DSDP site 463. The dendrogram generated shows
five clusters: groups 1-SG, 2-SG, 3-SG, 4-SG, and 5-SG (Fig.
1 upper). These groups were divided according to numerical
abundance (Fig. 1 lower). Similar fluctuation intervals or distinct
peaks are shown in dark gray, and clearly different fluctuation
patterns are displayed in light gray. For example, group 2-SG
consists of 18 low-abundance species, with 10 to 20 n/g. This
group also includes species with apparently different patterns,
such as Platycryphalus aff. hirsuta (Squinabol) of Foreman and
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Hemicryptocapsa sp. A. These species show different peaks in
the lower middle part of the interval examined. Accordingly,
using raw numerical abundance data is not suitable for grouping
species with similar fluctuation patterns.

For grouping species with similar fluctuation patterns, we
normalized these data using the following equation:

N.=A/S

where N, is the normalized data in a horizon, A, is the numerical
abundance in a horizon, and S is the sum of the numerical
abundance for the species during the interval examined (Table 2).

The dendrogram generated by the cluster analysis can be
divided into six clusters: 1-ND, 2-ND, 3-ND, 4-ND, 5-ND,
and 6-ND (Fig. 2 upper). The four major clusters containing
multiple species show similar fluctuation patterns in each
group regardless of the numerical differences (Fig. 2 lower).
Similar fluctuation intervals or distinct peaks are displayed in
dark gray. All of the species in the 5-ND group, for instance,
have a common peak at 624.75 mbsf.

Concluding remarks

Using cluster analysis for numerical abundance data
requires special care. The numerical abundance of radiolarians
is variable, and a cluster analysis of the data tends to divide
groups based on high and low values. Therefore, it is necessary
to convert the original occurrence data in order to group species

fluctuating in a similar manner.



Dendrogram of specimens/g (Ward's Method)

Normalized cluster analysis method
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Fig. 1. Dendrogram of the cluster analysis based on the original occurrence data (upper) and the numerical abundance plot for each cluster
(lower). Dark gray indicates similar fluctuation intervals or distinct peaks. Light gray indicates clearly different fluctuation patterns.
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Dendrogram of normalized data (Ward's Method)
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Fig. 2. Dendrogram of the cluster analysis based on the normalized data (upper) and the numerical abundance plot for each cluster (lower). Dark
gray indicates similar fluctuation intervals or distinct peaks.
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Table 2. Normalized abundance data for radiolarians
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