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ABSTRACT-Currently some controversy exists in the micropaleontological community concerning the statistically correct number
of counts required for quantitative examinations, particularly with respect to the effect of variations in the number ofspedes between
samples and the significance of varying fractional abundances on the reliability of results, This analysis of the various statistical
methods used to determine the number of required counts has shown that the number of species has no relationship to the number
of counts required to measure accurately fractional abundances, As part of the study, logarithmic contours plotting percentage
abundance against the total number of specimens, which provide abundance errors at a 95 percent confidence level, have been
generated. The plot is displayed logarithmically to emphasize the significance of rare microfossil elements that dominate most
assemblages, and which are important in many paleoenvironmental studies. Based on the plot, it is recommended that researchers
utilize counts of at least 50 for indicator species having a fractional abundance of approximately 50 percent or greater; 300 counts
for species which comprise approximately 10 percent of a sample; 500-1,000 counts for species that make up 5 percent of a sample;
and counts of several thousand for defining species that comprise  1 percent ofa sample. It is important to note, however, that where
similar biofacies are involved, higher counts are required to accurately distinguish them. It is also recommended that researchers
include fractional error abundances with their estimated abundances to provide an indication of their accuracy.

INTRODUCTION

For  VARIOUS practical  reasons, micropaleontologists typically
       examine  only  a  certain  proportion,  or  split,    of   the  total

microfossil population in any given sample. The number of
specimens examined varies from researcher to researcher, de-
pending on the degree of precision required for a particular
study. The absolute number of specimens generally examined
varies between 200 and 1,000 per sample. However, most work-
ers usually count approximately 300 specimens, This latter fig-
ure was propounded by Phleger (1960) who, based on experience
and on an equation derived by Dryden (1931) for counting heavy
mineral grains, suggested that 300 specimens provided sufficient
accuracy for most quantitative examinations.

Modem paleoceanographic studies utilize the relative abun-
dance of various foraminiferal species such as Nuttalides um-
banifera (Cushman, 1933), an indicator of Antarctic Bottom
Water, and Fontbatia wuellerstorfi (Schwager, 1866), often as-
sociated with North Atlantic Deep Water, although many such
indicators often make up less than 5 percent of the 300 speci-
mens typically observed in samples (e.g., Schroder et al., 1987;
Sen Gupta et al., 1988). From research, and as a result of con-
versations with colleagues with regard to the utility of such
indicators, it was determined that a re-evaluation of the statis-
tical base utilized in determining the number of counts required
for micropaleontological quantitative examination was in order.
Although much of the information presented in this paper is
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FIGURE 1- Percentage  abundances versus total numbers of species plotted logarithimically. Contours are constant 95 percent confidence level
errors calculated from equations (2) and (3) in text.

readily available in a variety of statistics texts, there is still
considerable confusion in the micropaleontological community
regarding the statistical significance offarer species, and whether
variation in the total number of species between given samples
has any bearing on the number of counts required.

In this paper the statistical literature is reviewed to determine
the reliability of previously presented point counting statistics
(Dryden, 1931; Van der Plas and Tobi, 1965; Wright and Hay,
1971) and a logarithmically scaled abundance chart is presented
emphasizing, as is most common in nature (Buzas et aI., 1982),
the rarer elements of micropaleontological assemblages. .

DISCUSSION

The question of whether variation in the total number of
species present in different samples has any bearing on the num-
ber of counts required will first be addressed. When quantita-
tively examining a sample, a micropaleontologist seeks to obtain
estimates of the species abundance fraction Xi for each of the i
=1, 2, ..., I species contained in a particular sample, where I
is the total number of species contained in that sample, and i
is each particular species. After having counted N specimens,

the probability of simultaneously counting nj specimens of each
of the I species obeys the multinomial distribution (Bhattacha-
charyya and Johnson, 1977):

where (N = n I + n2 + . . . n[).
It is infeITed that Xi is equal to its expected value n;lN. The

error that E(Xi) deviates from Xi is normally distributed with
a standard error sx, equal to

and is independent of the number of species (equation 2). Thus,
after making (N) counts, our estimate of Xi lies within

95 percent of the time regardless of the number of species (equa-
tion 3).
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TABLE 1-  Fractional abundances with 95 percent confidence error boundaries of three foraminiferal species from 11 samples from the Bathhouse
Beach Locality of the Pleistocene Santa Barbara Formation, Santa Barbara, California. Biofacies were determined from a Q-mode analysis of
38 species, while the inferred biofacies are based on the percent abundance of individual indicator species in each sample.

proportions of several species which seemed to best define the
biofacies were intuitively charted. Samples belonging to Bio-
facies 1 were best characterized by Buccella frigida (Cushman,
1912) abundances <4 percent, Islandiella limbata (Cushman
and Hughes, 1925) abundances < 16 percent, and Lobatula
fietcheri (Galloway and Wissler, 1927) abundances> 12 percent.
Biofacies 2 was characterized by higher proportions of Buccella
frigida and lslandiella limbala, and lower proportions of Lob-
alula  flelcheri. The total number of counts, the uncertainties in
the abundances (equation 3), the biofacies as determined from
a Q-mode analysis of 38 species, and the inferred biofacies based
on fractional abundance are tabulated in Table 1. For samples
1, 2, 3, 4, 8, 9, and 10 the paleoenvironments inferred from
Bucellafrigida, Islandiella limbata and Lobatulajletcheri are in
agreement. However, in sample 5 the abundances of Islandiella
limbata and Buccella frigida indicate an affinity to Biofacies I,
while the Lobatulafletcheri abundance indicates a closer affinity
to Biofacies 2. The position of all three abundances are close to
the cut-off between biofacies, and the size of the uncertainty
leads to the conclusion that 414 counts do not provide accurate
enough statistics to conclusively infer the paleoenvironment of
this sample based on these three species alone. Similarly, the
statistics of Islandiella limbata and Lobatulafletcheri for Sample
6 and the large uncertainty associated with the Buccella frigida
abundance of 3.8  ± 1.7 percent lead to the conclusion that
Sample 6 is more representative of Biofacies 2. In addition,
based on just these three species, samples 7 and  11 belong to
both Biofacies I and 2, because the contradicting statistics, as
shown by the abundance errors, are not sufficiently resolved to
make an absolute determination. Therefore, as demonstrated
by this example, while 300 counts would have been more than
sufficient to resolve the abundances of sample   1 and 3, 414
counts were not sufficient for Sample 5. Furthermore, since the
abundances of the three proposed indicator species in Sample
5 lay close to the boundaries between biofacies, counts in excess
of  2,000 (Figure  1) would be required to obtain useable statistics
(an error <2%). Thus, it becomes important to consider the
similarity of the environments one is trying to differentiate, in
addition to taking the rarity ofa species into consideration, when
determining the number of required counts.

CONCLUSIONS

1. The number of species in a sample has no relationship to
the number of counts required to measure accurately fractional
abundances.

2. When examining larger fractional abundances of species,
the differences between environments tend to be larger and one
can settle for larger errors; thus, fewer counts. Conversely, with

Counting reliability. - Previous discussions of counting reli-
ability by Dryden (1931), Phleger (1960), and Van der Plas and
Tobi (1965) have based their estimates of reliability on the
standard deviation of the distribution (equation 4)

and the fractional standard deviation (equation 5). These re-
searchers have

either used a 50 percent confidence interval (Dryden, 1931;
Phleger, 1960) or a 95 percent confidence interval (Van der Plas
and Tobi, 1965). Using the standard deviation as a statistic
quantifies the variation in species abundances between many
samples, as opposed to addressing variation in species abun-
dance in particular environments. Alternatively, Wright and
Hay (1971) based their estimates on standard error (equation
2) which the authors feel more properly characterizes the ac-
curacy of the assessment of the fractional abundance. However,
both the standard deviation of a species distribution and the
mean distribution normalized by the expected abundance, or
abundance fraction, are equivalent and interchangeable.

As the desired accuracy of a quantitative analysis depends on
the requirements of the study at hand, a plot of 95 percent
confidence levels has been generated to determine the uncer-
tainty of species abundances (Figure  1). Buzas et at. (1982) de-
termined that most species tallied in paleontological analyses
are rare and, as stated in the introduction, many of these rarer
species are important in making paleoenvironmental interpre-
tations. The plot has therefore been generated on a logarithmic
scale, emphasizing rarer fractional abundances. Utilizing this
plot, it can be seen that for rare species having abundances
between and 10 percent, the number of specimens counted
must be between 100 and 850 before environments which differ
by 2 percent abundance can be distinguished. However, it would
be dependent on the objectives of the research project to de-
termine whether accuracies of 1  ± 2 percent, or 10  ± 2 percent
would provide adequate enough precision. To allow the reader
to infer whether sufficient counts have been made, researchers
should include abundance errors when presenting data (equation
2).

The value of including percent abundance errors and the rel-
ative effect of making too few counts is illustrated by the fol-
lowing example. Based on a cluster analysis of  11 samples,
Patterson, Brunner, and Dahl (personal commun.) recognize two
different biofacies in the Pleistocene carbonate marl deposits of
the Bathhouse Beach locality of the Santa Barbara Formation.
From the results of the Q and R mode analysis the relative
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smaller fractional abundances, differences in' environment tend
to be smaller and larger counts are needed ,to provide the re-
quired smaller errors. Based on the plot (Figure 1), it is suggested
that if an indicator species has a fractional abundance of ap-
proximately 50 percent or greater, as few as 50 counts are re-
quired; a species making up 10 percent of a particular sample
requires at least 300 counts; species making up 5 percent of the
sample require 500-1,000 counts; and species making up 1 per-
cent of a sample require several thousand counts to provide
reliable statistics. In addition, as shown by the example (Table
1), similar environments require greater numbers of counts to
distinguish them.

3. It is also recommended that researchers calculate fractional
error and include it with their abundance data to provide an
easier assessment of the results.
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