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IN PALEONTOLOGICAL investigations the number of individuals 
of a particular species. n„ is often expressed as a proportion of 

the total number of individuals, 2) "i " "• '*^'' ^"' ^' species. 
i-i 

This proportion, p = %. expressed in percent, is referred to by 
various authors as percent species, relative abundance, per- 
centage abundance, species frequency, fractional abundance, and 
so on. Naturally, researchers are interested in the confidence 
limits that can be placed on these estimates, and in the number 
of individuals required to obtain them. The binomial distri- 
bution was used by Dryden (1931), Dennison and Hay (1967), 
Wright and Hay (1971). and Patterson and Fishbein (1989) for 
this purpose. 

While the above authors realized that a single sample may 
not be rcpfcscniaiive of an entire iocaliiy, nO rCpliCatcS were 
utilized to ascertain how accurate the confidence limits obtained 
from a single sample were for a locality. In this study, confidence 
limits are compared for foraminiferal samples using binomial 
and cluster estimates to help resolve this problem. 

BINOMIAL CONRDENCE UMITS 

The binomial standard error of the proportion, p ' "/„, is 
given by 

a^„ = {pq/nr (1) 

where p is the proportion of the ith species, n. is the number of 
individuals of the ith sp)ecics. n is the total number of individ- 
uals, and q = I - p. The confidence limits are d -^ ± tOpMn» 
where t is the normal deviate corresponding to the desired level 
of confidence. For a confidence probability of .95. t = 1.96. 
Thus, the confidence limits arc p ± d (Cochran. 1963). Various 
values of d in percent, at the 95 percent confidence level, for p 
in percent, and n arc tabled by Patterson and Fishbein (1989). 
Clearly, from (I) the largest value ofa^„ occurs when p = .50 
= q- 

In calculating the confidence limits using the binomial, we 
assume thai the n individuals arc chosen at random. When 
sampling large organisms in the field, this is possible. Often, 
however, we must sample some volume of sediment containing 
the individuals that we wish to enumerate. Using standard lab- 
oratory procedures, we can remove n individuals at random 
from the large number of individuals in a homogenized sedi- 
ment sample. Providing the number of individuals in the sed- 
iment sample is large (a few hundred), (I) will provide a rea- 
sonable estimate for the standard error of the species proportions 
in our laboraioii sample. 

CLUSTER CONHDCNCE UMTTS 

The spatial distribution of individuals, whether living, dead, 
or fossiL is usually not random, but is instead aggregated (Buzas, 
1968; Buzas and Gibson. 1990). The sediment may be sampled 
at random, but we must accept the particular individuals con- 
tained in the sediment sample. Consequently, more than one 

sediment sample must be taken to measure the variability be- 
tween samples to ascertain the confidence limits for a locality. 
If m sediment samples are chosen at random and the jjh sample 
contains a, individuals of a particular species and n, total in- 
dividuals, then the cluster standard error of the species pro- 
portion is given by 

*p*« = ISn',(p, - p>^/mfl'(m - 1)1^ (2) 

where p^ = a/n,, p - 2^,/2n, and ft - 2n/m (Cochran, 1963). 
As before, the confidence limit, d, is obtained by multiplying 
^pci« by t. 

To illustrate the different results obtained using binomial ver- 
sus cluster estimations, foraminifera from m = 4 sediment sam- 
ples were collected at a single locality in May 1977 at Link Port, 
Rorida. The locality is about 1 m^ and at a depth of about 1 
m. Each sample consisted of 5 ml of sediment, which was stained 
with rose bengal and washed over a 63 ji sieve. The number of 
living (stained) individuals of Quigueloculina. Elphidium, Am- 
monia, and Bolivina and total living individuals were counted. 
These counts are shown in Table 1. Using (1) and (2), the stan- 
dard errors for the species proportions were calculated for bi- 
nomial and cluster sampling (note, n in (1) now becomes Sn, or 
ftm). By multiplying the standard errors by 1.96, 95 percent 
confidence limits, d, were obtained and are shown in Table 2. 

DISCUSSION 

Table 2 shows the confidence limits for the proportion of 
Quinqueloculina (p • .50) using the binomial is :t.02, while for 
the cluster method it is ±.09. For Elphidium (p - .36) the 
binomial confidence is also ±.02, while the cluster confidence 
is ±.07. Using the binomial confidence limits, we might con- 
clude that the two taxa have different proportions. The cluster 
confidence limits, however, overlap and our confidence is shak- 
en. When comparing species proportions between areas, the use 
of binomial confidence limits will lead the investigator to be- 
come more confident of differences than is warranted. As p 
decreases from .50. and becomes vcr>' small, the confidence 
limits decrease and the binomial and cluster estimates converge. 
Consequently, for Bolivina (p •= .007) little is gained by using 
(2), providing ftm is large. 

Dryden (1931) used the binomial formula in a slightly dif- 
ferent way to assess the reliability of mineral grain counts. He 
suggested a few hundred counts, perhaps 300. would sutficc for 
most purposes. On the basis of Dryden's study. Phleger (1960) 
also suggested a count of 300 was sufficient for foraminiferal 
analysis. Because for the binomial distribution (I - q") is the 
probability of at least one success. Dennison and Hay (1967) 
and Wright and Hay (1971) pointed out that 300 individuals 
would be required to record with .95 probability the occurrence 
(at least one individual) of a species with p ^ .01. Over the years 
the number 300 has taken on an almost magical significance, 
and is used by most micropaleoniologisis in their analyses (Pat- 
terson and Fishbein, 1989). 
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TABLE /—Numbers of individuals for each species, a,, and total number 
of individuals Tor all species, n,. in Tour sedimeni samples of 5 ml 
each from Link Port, Rorida. 

Quinque- Total 
locuitna   Elphidium Ammonia   Bolivina   individuals 

a, a, a, a, n, 

Totals 

TABL£ 2—95 percent confidence limits for binomial and cluster esti- 
mates of p. and observed ranges of p,. 

181 134 50 3 370 
209 188 48 3 453 
229 221 71 1 544 
344 160 46 7 567 
963 703 215 14 1.934 

Species P 

Confidence limits 

Binomial      Cluster 
.Observed range 

of Pj 

Quinquetoculina 
Elphidium 
Ammonia 
Bolivina 

0.50 
0.36 
0.11 
0.007 

±0.02 
±0.02 
±0.01 
±0.004 

±0.09 
±0.07 
±0.03 
±0.005 

0,42-0.61 
0.28-0.42 
0.08-0.13 

0.002-0.012 

In the present study, about 2.000 individuals were counted. 
Table 2 shows that at a p = . 11 (Ammonia) ihe binomial con- 
fidence is .01. and the cluster .03. A random sample of 300 
individuals having a species with p = . 10 would have a binomial 
confidence limit of .0339. for 400 individuals the confidence 
would be .0294. Considering the variation documented in the 
field (Table 2), little appears to be gained by counting more 
when p > . 10. Table 2 shows the binomial and cluster confidence 
limits arc almost identical for Bolivina (p - .007). Now from 
(1). as p decreases and n increases, p approaches a^,^. At p = 
.01 and n - 300. d - .0112. and for n - 400, d = .0098. 
Therefore, at p = .01. our confidence limit equals the species 
proportion. For a p - .001 and n = 1.000. p ^ b^^. For practical 
purposes, then, when p < .01. confidence limits are meaningless. 
If we are interested in vcr> rare species, we should simply record 
their pixrsence. 

C0NCLUSIC»4S 

1. Replicate samples are required to estimate species pro- 
portions and their confidence limits at a locality. Standard errors 
should be calculated using the cluster method. 

2. A count of 300 to 400 individuals is sufficient for a single 
sediment sample. The binomial standard error is appropriate 
for estimating confidence limits for a single sediment sample, 
and approaches cluster confidence limits when species propor- 
tions are small (about .01). 

3. When species proportions are less than .01, confidence 
limits are no longer meaningful. 
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