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Abstract

Micropalaeontologists often encounter select the appropriate number of individuals per sample based on the study objectives
and consider the trade-offs between analysing more samples with fewer individuals and analysing a larger sample size with
fewer samples. The relationship between a number of individuals and Shannon’s index using rarefaction is useful for finding
this compromise. However, previous methods of calculating the Shannon index using rarefaction have not discussed how
to determine the number of individuals required for sampling. Here, we present a new empirical relationship between the
specimen number and alpha diversity using the extant ostracod assemblage of Kumamoto Port, Kyushu, Japan. If we define
a gradient of 0.002 or less as the rarefaction curve being sufficiently flat, then when Shannon’s index calculated from the
number of individuals extracted is plotted in the area below the line with a gradient of 0.002, we can consider that a sufficient
number of individuals have been picked up. In the case of Kumamoto Port, the maximum number of individuals required
was calculated to be 229, a result consistent with the number of individuals required to extract microfossils, which has been
statistically estimated so far. However, since the explanatory coefficient between the number of individuals and Shannon’s
index is extremely high, even when a gradient of 0.005, it can be said that 116 individuals are sufficient for Kumamoto Port.
This study presented a new method for determining the number of individuals required to estimate species diversity from
rarefaction curves.
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Introduction
H(s)==-)  pinp,

In the field of micropalaeontology, the Shannon’s index ()]
[1] is often used to calculate alpha diversity (e.g. [2-4]).
Shannon’s index, H(S), is expressed by the following Equation where S = number of species; p, = the relative abundance
1: of i-th species, the number of individuals of species i in the
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community divided by the total number of individuals of
all S species. The H’ is a nonparametric index that does not
assume a constant distribution pattern for population size,
and is characterised by its sensitivity to the number of rare
species in a population. However, it has been pointed out that
alpha diversity is sensitive to sample size [5].

In the case of micropalaeontology, the number of
individuals obtained in the field is often sufficient, but
because they are so numerous, it takes a lot of time to extract
and count them. Therefore, when extracting and counting
in the laboratory, it is necessary to set in advance a number
of individuals that reflects the total population. Phleger
suggested 300 specimens as a sufficient number to determine
the relative abundances of foraminiferal species [2], based
on Dryden’s results on heavy minerals [6]. Shaw arrived at
a similar answer from a binomial distribution [7]. Revets
summarises the probability of sampling and oversight and
discusses the importance of displaying confidence intervals
when calculating diversity indices (here Fisher’s diversity
index) [8]. Foraminiferal studies have recommended a
sampling target of 300 individuals [9].

Patterson and Fishbein generated a logarithmic contour
plot of the percentage of abundance against the total number
of specimens to show the error in abundance at the 95%
confidencelevel [10]. They state that atleast 50 counts should
be used for indicator species with abundances of about 50%
ormore, 300 counts for species that make up about 10 percent
of the samples, 500 to 1,000 counts for species that make
up 5 percent of the samples, and several thousand counts
are needed to define species that make up 1 percent of the
samples. Fatela and Taborda calculated binomial confidence
limits for deep-sea benthic foraminiferal assemblages and
showed that samples of around 100 individuals are sufficient
for character-species-based studies [11].

In the case of deep-sea ostracod assemblages from deep-
sea cores, averaging 60 specimens per sample is enough
for reconstructing the detail of palaeoenvironmental
change [12]. Danielopol, et al. [13] state that the number
of individuals needed per sample is influenced by
many factors, including material availability, grain size
distribution, geographic considerations, number of cores,
availability of other proxy methods (e.g., stable isotopes,
other microfossil data), and desired time resolution. Thus,
researchers should select the appropriate number of
individuals per sample based on the study objectives and
consider the trade-offs between analysing more samples
with fewer individuals and analysing a larger sample size
with fewer samples.

Methods to capture the response of diversity to sample
size include rarefaction [14], which estimates the response
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of species diversity below the observed sample size, and
extrapolation [15], which estimates the response above it.
This allows us to calculate diversity between communities
fairly, regardless of differences in sample size, based on
subsamples of size ([16], but see McMurdie PJ [17] for the
need to calculate rarefaction). However, when it comes
to rarefaction, no specific value has been proposed that
would be considered to be sufficient to extract and flatten
(rarefaction) the actual sample.

The statistical software Past Hammer @ [18] also
incorporates programs for diversity and rarefaction, making
it extremely useful for micropaleontological research. In
this study, we present a new empirical relationship between
the specimen number and alpha diversity using the extant
ostracod assemblage of Kumamoto Port, Kyushu, Japan. By
doing so, the rarefaction curve produces a value for species
diversity that can be considered to represent a sufficient
number of individuals.

Method

A total of 42 sediments were collected at one-minute
intervals in latitude and longitude off Kumamoto Port using
a Grab Sampler (Figure 1). During collection, approximately
1 cm of the surface sediments was scooped on board the
ship. Samples for ostracod observation were passed through
sieves with openings of 1 mm and 63 pm, and the remaining
samples of 1 mm to 63 pum were dried in an incubator for at
least one day.

The dried samples were divided into appropriate
amounts using a divider. The divided samples were observed
under a binocular stereo microscope, and the following
previous studies [19-21], we aimed to select 200 individuals
per location. When counting the number of individuals, no
distinction was made between carapace (bivalve), valve,
adults, juveniles, and fragments, and each that could be
identified was counted as one individual.

To confirm whether the number of ostracod individuals
identified at each site adequately represented the species
diversity at that site, we performed rarefaction [22] using
the statistical software Past 5.0.2 [18] and calculated the
Shannon’s index S(H) for each rarefaction sample size. The
difference between S(H) when sample size n+1 and n was
calculated and used as the gradient when sample size n was
used. The sample size for which the gradient was 0.002 or
less was considered to be the sample size for which S(H) was
sufficiently flat.

Copyright© Seishiro Higashi and Gengo Tanaka.
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Figure 1: Map of study area. Blue filled circle with number shows each sampling site.
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Result on 41 locations (Figure 2). Among these, St.4 (thick green

line in Figure 2), which had a small number of individuals

As a result of microscopic examination of 42 locations and did not produce a gradient (gr) of S(H) of 0.002 or less

in the surveyed sea area, 59 genera, 139 species, 9188 for the number of samples, was excluded from the following
individuals of ostracods were identified (Appendix A). St.3 analysis.

did not produce any ostracods. Rarefaction was performed
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Figure 2: Relationship between number of individuals and Shannon’s index of Recent ostracods off Kumamoto Port, Ariake
Sea, Kyushu, Japan. Solid green curve from St. 4 where the number of individuals was not sufficient.
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Discussion

Since there is no defined saturation point for rarefaction,
we assumed that the relationship between population size
and H(S) was sufficiently flat (saturated) using the criterion
that the slope of H(S) for diluted samples was 0.002 or less.
When the criterion was set to gr = 0.005, 0.004, 0.003, 0.002,

and 0.001, we found that there was a strong correlation
between Shannon’s index H(S) and the number of samples
that met this criterion (Figure 3A). The larger the gradient,
the larger the explanatory coefficient (R?) value, but this
is due to the assumption that saturation occurs at low
population numbers. Even with a gradient of 0.002.
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Figure 3: Relationship between number of individuals and Shannon’s index among five different gradients (gr =0.005, 0.004,
0.003,0.002,0.001) of Recent ostracods off Kumamoto Port, Ariake Sea, Kyushu, Japan. A. Plots of 40 sites and its approximation
line with explanatory coefficient (R?) when gr=0.005, 0.004, 0.003, 0.002, and 0.001. B. Five thresholds between the population
size and S(H). The curve shows the maximum value of Shannon'’s index H(S) when one individual of each species is occurred.

which is assumed to be sufficiently small, the R?
value exceeds 0.91. Therefore, by using the relationship
between the number of individuals and S(H) when the
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gradient is 0.002 or less, it is possible to consider whether
the number of individuals collected in the future, at least
off the coast of Kumamoto Port, will be sufficient to
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calculate S(H). Figure 3B shows the relationship between
the gradient, the number of individuals, and S(H) based
on the approximation line for each gradient. If we define
a gradient of 0.002 or less as the rarefaction curve being
sufficiently flat, then when S(H) calculated from the number
of individuals extracted is plotted in the area below the line
with a gradient of 0.002, we can consider that a sufficient
number of individuals have been picked up (Figure 3B).
Assuming that one individual of each species is found in a
sample, it is possible to find the maximum possible value of
Shannon’s index S(H) (curve in Figure 3B). In this case, the
intersection of the line for each gradient (gr) and the S(H)
curve indicates the upper limit of the number of individuals
required for extraction. According to the calculation results,
229 individuals are required when gr = 0.002, and 381
individuals when gr = 0.001, which is in good agreement
with previous studies that recommend 300 individuals to
be extracted [2,7,9]. In reality, S(H) varies depending on
the ocean area, so considering the time and effort involved
[12,13], it is more realistic to adopt the straight line for gr
= 0.002, at least for Kumamoto Port. However, since the
explanatory coefficient between the number of individuals
and S(H) is extremely high (R2 =0.9544), even when gr
= 0.005, it can be said that 116 individuals are sufficient
for an inland bay like Kumamoto Port. This result is close
to the number of individuals extracted for microfossils in
deep-sea areas [11]. To make the method of evaluating a
diversity using the sample size and S(H) more reliable, data
collection in other bays and seas is necessary. This study
proposed a new method for determining reasonable values
of species richness using rarefaction curves. The results are
consistent with existing statistical methods.

Conclusion

We presented a new method for determining the
number of individuals required to estimate species diversity
from rarefaction curves. In the case of Kumamoto Port, the
maximum number of individuals required was calculated to
be 229, which is consistent with the number of individuals
required for microfossil collection that has been statistically
estimated so far However, because the explanatory
coefficients for the number of individuals and the Shannon
index are very high, it can be said that 116 individuals are
sufficient even when the slope is 0.005.
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