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Species counts are often used as a measure of diversity in paleontological studies. How-
ever, the number of species is not an optimal measure of diversity in a sample, since this
entity is normally highly dependent on the number of specimens counted. More species are
found in larger samples. The Hurlbert diversity-index provides a means of eliminating
differences in sample size, which facilitates comparisons of species counts in samples of
widely varying sizes. This index determines the expected number of species (S,,) in a
random subsample of m specimens from the total sample. The value of m may be chosen to
give greatest weight to either rare or abundant species.

The Hurlbert index was applied to a data-set of benthonic foraminifers from the uppermost
Cretaceous of Scandinavia. The sample-sizes in this data-set varied greatly (from 50 to
almost 600 specimens), and the number of species (13—65) found in the various samples
was closely related to sample size. This relationship did not remain in the standardized
species counts (m = 50 in this case), which demonstrates the efficiency of the Hurlbert-
index in removing sample-size differences.
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Introduction

Diversity indices are useful measures of the comp-
lexity of faunal or floral distributions in paleontolo-
gical samples. One of the attractive features of di-
versity indices lies in the reduction of the informa-
tion provided by the species-distribution in a sample
to a single number. A great number of different
diversity indices has been described in the literature
(see review in Buzas, 1979). Each of these gives
different weight to specific properties of the species
distribution (richness and evenness of the species).
The current status of the field of ecological diversity
has been summed up recently in Grassle er al.
(1979) and Patil & Taillie (1982).

The simplest and most commonly used measure
of diversity in paleontology is represented by the
number of species found in a sample (for example,
Buzas & Gibson, 1969; Douglas, 1973; Balsam &
Flessa, 1978; Jgrgensen, 1979, Chatziemmanouil,
1982; Srinivasan & Kennett, 1983). Other diversity
measures, which also take into account the propor-
tions of the various species, have been employed in
paleontological studies of community structure (for
example, the Simpson index and the Shannon-
Wiener information-index; Ager, 1963; Buzas &
Gibson, 1969, Williams & Johnson, 1975; Balsam &

Flessa, 1978; Hultberg & Malmgren, 1985). It is
well known that these indices are more or less
strongly dependent upon the sample-size; thus, the
more specimens included in a sample the more spe-
cies will be found (Kempton, 1979; de Caprariis et
al., 1976; Douglas, 1973).

In this communication, we discuss specifically the
use of species-counts (number of species) as a diver-
sity index in paleontology, the effects of differences
in sample-size on this measure of diversity, and how
these effects may be reduced or eliminated. Kemp-
ton (1979) gave an example of the inconsistencies
which can arise in classifying samples on the basis of
species-counts without correcting for sample size.
This correction is possible by the use of the diversi-
ty-index proposed by Hurlbert (1971). This index,
S, denoted the “expected species diversity” by
Smith & Grassle (1977), permits standardization of
species-counts to a common sample-size. Consequ-
ently, with this method, it is possible to estimate the
number o species (S,,) that one would expect to
find in a subsample of m specimens taken at ran-
dom from a sample of N specimens (m < N). Smith
& Grassle (1977) pointed out that the Hurlbert in-
dex satisfies Pielou’s (1969) definition of a diversity-
measure in that it, for fixed m , is dependent on
both the species-richness and the evenness of the
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proportions of species in a sample. In addition, for
large m, it is the only measure described in the
literature that is both sensitive to rare species and
unbiased (Smith & Grassle, 1977). The estimate of
the Simpson index is also unbiased; for m = 2, the
Hurlbert index is equivalent to Simpson’s diversity
(Smith and Grassle, 1977).

The Hurlbert index was employed here for a da-
ta-set of benthonic foraminifers from the Upper
Cretaceous of Scandinavia. Sample sizes varied
greatly (from about 50 to nearly 600 specimens),
and it was attempted to isolate true intersample-
differences in diversity using species-counts by re-
ducing the effect of differences in sample size.

The data-set

Benthonic foraminifers were studied in material
from three Scandinavian Upper Maastrichtian loca-
lities: Limhamn (southern Sweden), Stevns Klint
(eastern Denmark), and Kjglby Gaard (western
Danmark). The Limhamn material was collected
from four borehole cores (D103, D104, D105, and
D106). These cores penetrated between 125 m and
197 m of Upper Maastrichtian chalk. The material
from Stevns Klint and Kjglby Gaard was sampled
from outcrop sections comprising 10 m and 8 m,
respectively, of uppermost Maastrichtian deposits.
In all, 80 samples were analyzed, 52 from the Lim-
hamn cores, 15 from Stevns Klint, and 13 from
Kjglby Gaard.

Census counts of benthonic foraminifers were
made in the larger-than-125 pum fraction of each
sample. In all, 167 species of benthonic foraminifers
were identified. The census data were prepared by
the junior author.

The Hurlbert index

In a sample of N specimens distributed among §
species with abundances Ny, Na,. . ., N, Z N; = N,
the expected number of species in a random sub-
sample of size m (m < N) is:

S = él [1-C(N—N;, m) /| C(N, m)], where
C(N=N., m) = (N=Ny)! / [m! (N=N;=m)!] and
C(N, m) = N!'/ [m! (N-m)!] for (N—N;) = m and
N = m, respectively, and zero for (N=N;) < m and
N < m, respectively (Smith & Grassle, 1977;
Kempton & Taylor, 1979).

The value of m is conveniently set at the smallest
of the samples in a set of samples. Here, m is put
equal to 50, since the sample-sizes range from 51 to
576.

The sampling properties of this index were di-
scussed by Smith & Grassle (1977). They pointed
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out that this index holds a practical advantage over
most other diversity indices in that it permits deter-
minations of minimum-variance unbiased estima-
tors. This estimator of variance mav be used to
compute approximate confidence intervals for S.,..

Itis possible in applications of the Hurlbert index
to give particular weight to either rare or abundant
species by varying the value of m. For small /. the
index is dominated by the abundant species. and
the sensitivity to rare species increases with increa-
sing m (Smith & Grassle, 1977). For m =30 (the
value used here), the index, therefore. probably re-
lies somewhat on the dominant species. We note
that the Hurlbert index has been emploved in a
study of population structure of deep-sea benthonic
foraminifers from the South Atlantic Ocean (DSDP
Leg 74; Parker et al., 1984).

Results

Figure 1A shows the relationship between sample-
size (N) and number of species (S) in the Limhamn.
Stevns Klint, and Kjglby Gaard samples. The num-
ber of species is generally greater in the Limhamn
and Kjglby Gaard samples than in the Stevns Klint
samples. Thus, for any sample-size, more species
were found at Limhamn and Kjglby Gaard than at
Stevns  Klint.  As  expected, both the
Limhamn—Kjglby Gaard and Stevns Klint samples
show very clear increases in the number of species
with increasing sample-size. The number of species
increases from between 13 and 30 for a sample size
of about 50 to a maximum of 65 for a sample of 576
specimens.

The standardized number of species (Ssg) is plot-
ted against sample size in Figure 1B. Whereas the
raw species counts (S) were highly dependent on
sample size, there is no such obvious correlation in
the standardized data. Thus, no major influence of
sample-size remains in the standardized species-
counts, so the elimination of the differences in sam-
ple-size is an effective aid for isolating true differ-
ences in diversity among the samples. We also note
that the sample-to-sample variation in S is less in
Figure 1B so making the discrimination between
samples easier. It is significant that the difference
between Limhamn—Kjglby Gaard and Stevns Klint
is preserved in the transformed species-counts. A
larger number of species was noted for a given sam-
ple-size at Limhamn—Kjglby Gaard, and these
localities also display higher values of Sso. The ma-
ximum diversity (Sso) is also highest at Limhamn —
Kjglby Gaard (29 species for two samples of size
105 and 169, respectively, as compared to 22 species
for a sample of size 337 at Stevns Klint).
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Fig. 1. Relationships between A; sample size (N) and number of species (S) and B; sample size and
standardized number of species (Sso) in benthonic foraminiferal samples from the uppermost Cre-
taceous of southern Scandinavia. S (the Hurlbert diversity index) is the expected number of species in
a random subsample of m specimens (m < N); m is equal to 50 in this study. The number of species
(8) increases with increasing sample size, whereas no dependence on sample size exists in the standar-
dized number of species (Ssy). Note that both the raw and standardized numbers of species are
generally greater in the Limhamn and Kjglby Gaard samples as compared to the Stevns Klint samples.
Discussion sample with N equal to 51 as compared to 46 spe-

Species-counts have been employed frequently as a
measure of diversity in paleontological studies.
Many workers have noted that this measure is
greatly biased in comparisons of samples of greatly
differing sizes, but the effect of this does not seem
to have been fully realized by some workers. The
Hurlbert index provides a simple and straightfor-
ward means of reducing the effects of sample-size
differences, and should be employed to standardize
species-counts whenever the material available in a
study does not permit counts of similar sample-
sizes.

The following examples demonstrate the change
in species-counts accomplished by the standardiza-
tion procedure. In one of the benthonic forami-
niferal samples, consisting of 76 specimens, 30 spe-
cies were recognized, whereas 55 species were
found in another sample of size 295. If the differ-
ence in sample-size is not taken into account, one
might draw the conclusion that the second sample
shows much higher diversity. However, the Ss,
values are similar, 22.4 and 22.6, respectively, in-
dicating that the diversity does not differ between
these samples. Similarly, 27 species were found in a

cies in a sample of 473 specimens.The expected
number of species in a random subsample of 50
specimens from the second sample is 24.0, whereas
Sso for the first sample is 26.7. Thus for m = 50, the
diversity is in fact higher in the first sample in spite
of the many more species found in the second
sample.

Acknowledgements. — We thank Dr. R. A. Kempton,
Plant Breeding Institute, Cambridge, U. K., for suggest-
ing the use of the Hurlbert index for measuring diversity
in the benthonic foraminiferal samples studied here. We
thank Dr.Kempton and Stefan Hultberg, University of
Stockholm, for comments on the manuscript. We appreci-
ate secretarial assistance from Monica Siewertz, Universi-
ty of Uppsala, and drafting assistance from Dagmar En-
gstrom, University of Uppsala.

REFERENCES

Ager, P. V. 1963: Principles of Paleoecology. Mc Graw-
Hill, New York, N. Y., 371 pp.

Balsam, W. L. & Flessa, K. W. 1978: Patterns of plankto-
nic foraminiferal abundance and diversity in surface
sediments of the western North Atlantic. Mar. Micro-
paleontol. 3, 279—294.



134  B.A. Malmgren and M. M. Sigaroodi

Buzas, M. A. 1979: The measurement of species diversity.
Foraminiferal Ecology and Paleoecology. SEPM Short
Course 6, 3—10.

Buzas, M. A. & Gibson, T. G. 1969: Species diversity:
benthonic Foraminifera in western North Atlantic. Sci-
ence 163, 72-175.

de Caprariis, P., Lindemann, R. H. & Collins, C.M. 1976:
A method of determining optimum sample size in spe-
cies diversity studies. J. Intern. Assoc. Math. Geol. §,
575-581.

Chatziemmanouil, J. P. 1982: The Upper Cretaceous of
the Vomb Trough, southern Sweden. Stockholm Con-
trib. Geol. 38, 57—161.

Douglas, R. G.1973: Benthonic foraminiferal biostratigra-
phy in the central North Pacific, Leg 17, Deep Sea
Drilling Project. /n Winterer, E.L., Ewing, J.I., et al.
(eds.): Initial Reports of the Deep Sea Drilling Project
17, 607—671. U. S. Government Printing Office.
Washington, D.C.

Grassle, J. F., Patil, G.P., Smith, W. & Taillie, C. 1979
(eds.): Ecological Diversity in Theory and Practice. In-
ternational Co-operative Publishing House, Fairland.
Md., 365 pp.

Hultberg, U. S. & Malmgren, B. A. 1985: Dinoflagellate
and planktonic foraminiferal paleobathymetrical indices
in the boreal uppermost Cretaceous. Submitted to Mic-
ropaleontol.

Hurlbert, S. H. 1971: The nonconcept of species diversity:
a critique and alternative parameters. Ecol. 52,
577-586.

Jorgensen, N. O. 1979: Maastrichtian ostracods from De-
nmark. /n Birkelund, T. & Bromley, R. G. (eds.): Cre-

Bull. Geol. Inst. Univ. Uppsala, N. S. 10 (1985)

taceous-Tertiary Boundary Events, I. The Maastrichtian
and Danian of Denmark, 95-100. University of
Copenhagen.

Kempton, R. A. 1979: The structure of species abundance
and measurement of diversity. Biometrics 35, 307—321.
Kempton, R. A. & Taylor, L. R. 1979: Some observations
on the yearly variability of species abundance at a site
and the consistency of measures of diversity. /n Patil,
G.P. & Rosenzweig, M. (eds.): Contemporary Quan-
titative Ecology and Related Ecometrics, 3—22. Interna-
tional Co-operative Publishing House, Fairland, Mary-

land.

Parker, W. C., Clark, M. W., Wright, R.C. & Clark,
R.K. 1984: Population dynamics, Paleogene abyssal
benthic foraminifers, eastern South Atlantic. /n Hsii,
K.J., LaBrecque, J. L., et al. (eds.): Initial Reports of
the Deep Sea Drilling Project 73, 481—486. U.S. Gov-
ernment Printing Office, Washington, D.C.

Patil G. P. & Taillie, C. 1982: Diversity as a concept and
its measurement. J. Am. Stat. Assoc. 77, 548—-561.

Pielou, E.C. 1969: An Introduction to Mathematical Ecol-
ogy. Wiley-Interscience, New York, N. Y., 286 pp.

Smith, W. & Grassle, J. F. 1977: Sampling properties of a
family of diversity measures. Biometrics 33, 283—292.

Srinivasan, M. S. & Kennett, J. P. 1983: The Oligocene-
Miocene boundary in the South Pacific. Bull. Geol.
Soc. Am. 94, 798—-812.

Williams, D. G. & Johnson, W. C. II. 1975: Diversity of
Recent planktonic Foraminifera in the southern Indian
Ocean and Late Pleistocene paleotemperatures.
Quatern. Res. 5, 237—250.

Printed by Ekenis Tryckeri AB, Ekenis, Finland January 31st 1985



