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DeJong, T. M. 1975. A comparison of three diversity indices based on their
components of richness and evenness. — Oikos 26: 222-227.

Species diversity was calculated using three different indices on sets of real and
artificial data. Each index was analyzed to determine its relationship to the two
component parts of diversity, richness and evenness. Shannon’s information
formula, H" = CZpj log2 pi, is found to be linearly related to evenness and to

n(n — 1)
the logz of the number of species. Simpson’s Index, D =1 — Zﬁ—&—rZT) and
N — v/Zni? . .
Mclntosh’s Index, D’ = ————, when expressed in probits are found to

N —v/N
be linearly related to evenness and to the logsz of the number of species. Relation-
ships between, and usefulness of, the indices are discussed.

T. M. DeJong, Botany Dept, Univ. of California, Davis, California 95616, USA.

Paccuuteno BuaoBoe pa3sHooOpasHe ¢ MOMOLIBIO TPEX Pa3MMHBIX MHAEKCOB IO
CepUAM DEabHbIX M MOIEMMPOBAaHHBIX AAaHHBIX. Kaxnbii MHOEKC IpoaHaIu3u-
POBaH Ul ONpEESICHHsI €0 3aBHCHMOCTH OT ABYX KOMIIOHEHT pa3HooOpasms,
6orartcrBa u BeipoBHEHHOCTH. MHdopammonHas popmyna [lsnnona H' = CZpilog2
pi HaXOOUTCH B JIMHEHHOM 3aBHCHMMOCTH OT BBIPOBHEHHOCTH M logz oT obimero

n(n — 1)

koymyecTsa BuaoB. Mnpexc Cumncona D = 1 — N(N = 1) ¥ uHAexc Mak-
N — \/ Xn;?
uAToma D’ = W BBIPAXXCHHBIEI B OMTax, HAXOMATCA B JMHEHHOMH 3a-

BHCHUMOCTH OT BHIDOBHEHHOCTH H logz OT 4yucia BUAOB. O6CYXNalOTCS OTHOLIEHUS
MeXIy MHIEKCAMH U BO3MOXHOCTH WX TIPUMEHEHHS.
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1. Introduction

Species diversity is one of the basic concepts of ecology
that has been used to characterize communities and eco-
systems. At first glance the concept appears to be rather
simple but ecologists and mathematicians have been
searching for ways to express the various aspects of
diversity since 1922 (Gleason 1922) even though the
term did not appear in the literature until 1943 (Fisher
et al. 1943). Consequently, the concept of species diver-
sity has been defined in many ways, and several different
indices have been developed to express it.

The objective of this paper is to compare three diver-
sity indices in their sensitivity to the two aspects of
diversity: species richness and species evenness. Species
richness is usually thought of as the number of species
per sample. Species evenness (equitability) is a parameter
which indicates relative abundances of the various spe-
cies in a sample. Species evenness increases as species
are more evenly distributed in a sample such that maxi-
mum evenness is obtained when all the species are
equally abundant. Species diversity increases as the
number of species per sample increases and as the
abundances of species within a sample become more
even (Pielou 1969, Kricher 1972). The diversity indices
chosen are those of Simpson, Shannon, and MclIntosh.

2. Diversity indices

Simpson (1949) introduced an index of diversity which
is a measure of concentration of species. Its numerical
values increase as diversity decreases (Risser and Rice
1971). A common variation of Simpson’s index yields
values on a probability scale from 0.0 to 1.0 in ascending
order with increased diversity

s
nj(n; — 1)

i=1

NN — 1)

¢))
D=1-—

(Pielou 1969). In this equation S = the number of spe-
cies, nj = the number of individuals belonging to the
ith species, and N = the total number of individuals
in the sample. Eqn (1) represents the probability that
two individuals, picked independently and at random
from a population, will belong to different species. Hurl-
bert (1971) renamed this index the “probability of inter-
specific encounter”.

The most common remark made about the Simpson
index as a measure of diversity is that it is too strongly
affected by the abundance of the two or three most
abundant species in a community (Williams 1964, San-
ders 1968, Risser and Rice 1971, Whittaker 1972). Loya
(1972) plotted Simpson’s diversity values against the
number of species (S) and observed that Simpson’s index
reached its maximum values after the first 10 to 12 spe-
cies were encountered. Loya said that the index is
‘... insensitive to the relative contribution of the rare
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species encountered along a transect”. He concluded
that it was mainly an evenness index like Shannon’s
(H'/H'max) evenness index.

The most frequently used index of species diversity
is a derivative of Shannon’s Information Theory of Com-
munication (Shannon and Weaver 1949). In this index

S
H =C Z p1 log pi @

i=1

C is a constant and p; can be estimated by n;j/N. Loga-
rithms to the base 2, e, and 10 can be used in the
equation and the information units obtained are called
“binary digits” or “bits”; “‘natural bels” or “nats”;
and “bels”, *“decimal digits” or ‘decits”, respectively.
H’is dimensionless and is a measure of uncertainty. If
an individual is picked at random from an infinite pop-
ulation, H’ is a measure of how uncertain one is that
the individual picked will be of a particular species. H’
is therefore thought to be an intuitive measure of diver-
sity since uncertainty will increase as species diversity
in a population increases (Pielou 1969).

Loya (1972) discovered a plateau-effect similar to that
with Simpson’s index when he plotted diversity accord-
ing to Shannon’s index against S. He explained the
plateau by saying that even though additional species
should tend to increase the diversity values, the addition
of these species changes the relative abundances of the
species. Thus, the added species would tend to decrease
the index of diversity. Monk (1967) and Kricher (1972)
came to essentially the same conclusion as Loya when
they found a curvilinear correlation between H’ and S.
They thought that the plateau-effect was a result of
decreased evenness since added species tend to be rare.

Loya and Monk both postulated that the richness
component of Shannon’s diversity formula was the
“most significant” factor in determining the diversity
values when a relatively small number of species is in-
volved. Loya contended that beyond this point, “the
relative significance of the evenness component
(H’/H’'max) increases to counteract the positive effect of
additional species until a plateau is observed. ..”.

The third diversity index is that of McIntosh (1967)

s
N — Z n;2 @

N —VN

which is independent of sample size and yields values
which are a percentage of the maximum possible diver-
sity for a sample of the same size.

D =

3. Evenness indices

The indices of eveness used in this study are based on
a general formula suggested for all diversity-related
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evenness indices by Fager (1972). In this formuta

calculated diversity — minimum diversity
maximum diversity — minimum diversity

Evenness =

minimum and maximum diversity are calculated for a
sample of the same number of species (S) and individ-

uals (N).

Following Fager’s general formula, the eveness “‘co-
rollary” for Simpson’s diversity index is

— s -

Z ny(n; — 1)

i=1

B [(S — D@2N — S)]

TN S NN — 1)
SE = [N(S -0y _ [(s — RN — S)] ©
S(N — 1) NN —1

(Fager 1972). In a similar manner, the eveness corollary
for Shannon’s formula is

Q)

s
N _
[CZ pi log m] - [logN - ——gﬂ—l)log N —-( + 1))]
yo o =t
logS — [logN —E;(siglogm -+ 1))]

Fager 1972). This evenness index is slightly different
from the index most commonly used in connection with
Shannon’s diversity index. Note the difference between
Ean (7)
’ H,
= fogs @)

(Pielou 1969), and Eqn (6). Eqn (6) was used in this
study so that it would be comparable to the Simpson
corollary of evenness.

Eqn (8) is the evenness corollary to McIntosh’s diver-
sity index

N — Z n;2

i=1

_N-V/E-D+N-—E-Dp

N —4/N N —4/N

®

ME =

)
N sl _ N-AE-DTN=—E—DP

N —+/N N —4/N

This index differs from Eqn (9) which was suggested by
Pielou (1969)

P a—

/ N
N—1|/ n;2
9
L, 2 e
max (A/N, S) N — N/v/§S

but Eqn (8) was used so that it would be comparable
to the Simpson corollary of evenness.
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4. Methods and results

To analyze Simpson’s, Shannon’s, and Mclntosh’s di-
versity indices and their relationship to richness and
evenness, it was necessary to use community data based
on large sample sizes and having a broad range of spe-
cies richness. The primary data used in this analysis
were taken from the data of Whittaker (1960), collected
on six moisture gradient transects at six different eleva-
tional belts in the Siskiyou Mountains. Species richness
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Fig. 1. Relationship between three indices of diversity

(Simpson’s D, MclIntosh’s D’, Shannon’s H’) and species
richness (S) in vegetation of the Siskiyou Mountains. (Data
from Whittaker 1960.)

ranged from 8 species of shrubs and seedlings at one
elevation to 114 shrubs, seedlings, and herbs at another
elevation. The one drawback in using Whittaker’s data
was that some species were noted as present but not
sampled. These species were treated as if they repre-
sented one occurrance of the species on the transect.

Each of the three diversity indices was used to calcu-
late species diversity for (1) shrubs and seedlings, (2)
herbs, and (3) shrubs, seedlings, and herbs, found in
each of the six elevational transects. The results of these
diversity calculations were plotted against species rich-
ness, (S), (Fig. 1).
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Fig. 2. Linear relationships between three indices of diver-
sity (D, D’, H’) and species richness (logz S) in vegetation
of the Siskiyou Mountains. (Data from Whittaker 1960.)
Simpson’s (D) regression: y = 0.407 x + 4.124, r = 0.960

Mclntosh’s (D’) regression: y = 0.314x + 3.857,r = 0.956
Shannon’s (H’) regression: y = 1.001 x — 1.313,r = 0.986
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Fig. 3. Linear relationships between three indices of diver-
sity (D, D’, H’) and their respective evenness corollaries
(SE, ME, J*) in the vegetation of the Siskiyou Mountains.
(Data from Whittaker 1960.)
Simpson’s (D) regression: y = 6.598 x -+ 0.972, r = 0.929
McIntosh’s (D’) regression: y = 5.235x + 1.283,r = 0.937
Shannon’s (H’) regression: y = 13.039 x -- 5.316, r = 0.937

Note the curvilinear correlation between the number
of species and each diversity index. Transformations of
these same data showed that if Shannon’s diversity val-
ues were plotted against logz of species richness, the
plot was linear (Fig. 2).

Simpson’s index expresses the probability of inter-
specific encounter and its values are on a non-linear
probability scale. Using a table provided by Fisher and
Yates (1963), Simpson’s diversity values were trans-
formed into probits and plotted against the logs of
species richness. Probits are normal equivalent deviates
coded by the addition of 5.0. Normal equivalent devia-
tes are based on standard deviations which correspond
to a cumulative percentage (Sokal and Rohlf 1969).
The resulting plot showed a linear correlation (Fig. 2).

Mclntosh’s index expresses diversity as a percentage
of the maximum possible diversity for samples of the
same size. Its diversity values were also converted to
probits and plotted against the loge of species richness.
A linear relationship resulted (Fig. 2).

Thus, all three indices can be linearly related to spe-
cies richness, providing they are expressed in the proper
units. The plateau effect discussed by others (e.g. Loya
1972), therefore, is a mathematical, rather than ecolog-
ical, phenomenon.

Linear plots of index value vs. species evenness can
also be obtained (Fig. 3). Species evenness was calcu-
lated using the corollary evenness indices that were
formulated for each of the three diversity indices, Eqns
(5), (6) and (8). However, when using the Simpson and
Mclntosh evenness corollaries, the respective diversity
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Fig. 4. Relationship between each of the three indices of
diversity and species richness expressed as logz S in con-
trived test data which had maximum evenness in all samples.
Simpson’s (D) regression: y = 0.386 x + 4.971, r = 0.998
MclIntosh’s (D’) regression: y = 0.358 x + 4.392,r = 0.999
Shannon’s (H’) regression: y = x, r = 1.000

values were converted to probits, since taking a percent
of a percent probability is misleading and yields values
which are skewed toward maximum values. Species
diversity expressed by H’, D in probits, and D’ in probits
was plotted against species evenness as expressed by
their respective evenness indices.
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Fig. 5. Relationship between each of the three diversity
indices and eveness in data contrived such that richness
was the same in all of the samples.

Simpson’s (D) regression: y = 2.603 x + 4.080, r = 1.000
MclIntosh’s (D) regression: y = 2.247x + 3.730, r = 1.000
Shannon’s (H’) regression: y = 3.465x 4 0.857, r = 1.000
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Thus, linear relationships exist between the diversity
indices and species richness as well as species evenness.
However, the data used were taken from natural sam-
ples of vegetation in which richness and evenness are
not independent; therefore, the relative contributions
of species richness or evenness to each of the index
values remains to be determined.

Sets of artificial data were used to test the hypothesis
that the diversity indices are in fact linearly related to
species richness and evenness in the manner shown
above. The first set of test data was designed to show
the effect of species richness on each of the diversity
indices. The test was based on six samples each having
200 individuals and maximum evenness throughout.
Within a sample, all the species were represented by
the same number of individuals.

Fig. 4 shows a perfect correlation between Shannon’s
index of diversity (H") and the logz S. Even though not
plotted on the same scale, the diversity values for
Shannon’s index increase much more rapidly with in-
creased richness than they do for Simpson’s or Mc-
Intosh’s index. The slopes of the lines indicate that
Simpson diversity values increase slightly more than
Mclntosh diversity values with an increase in species
richness.

A second set of data was designed to test the individ-
ual diversity indices’ responses to species evenness, in-
dependent of any changes in species richness. These
data consisted of six samples, all having 20 species and
200 individuals. The first sample represented maximum
evenness, and the last sample represented minimum
evenness possible in such a sample. The intermediate
samples were arbitrarily chosen to give a range of inter-
mediate values for evenness. Species diversity was again
calculated using H’, D and D’ and plotted against
species evenness as it was calculated by Eqns (5), (6)
and (8). Fig. 5 shows that there is a perfect correlation
between species diversity and species evenness in all
three indices.

Fig. 2 shows that Shannon’s index of diversity was
the most strongly correlated with species richness and
Simpson’s index was the least. This suggests that Shan-
non’s index is more strongly influenced by its richness
component than its evenness component when com-
pared to Simpson’s index. This can be shown by a
comparison of the ratios of the regression coefficients
for each index as it is plotted against evenness and
richness in Figs 4 and 5 (Tab. 1). The evenness-richness

Tab. 1. Relationships of the regression coefficients of even-
ness and richness on the three diversity indices.

Index Regression  Regression  Evenness:

coefficient coefficient richness

with evenness with richness  quotient
Shannon’s..... 3.465 1.000 3.465
Simpson’s .. ... 2.603 0.386 6.743
McIntosh’s . . .. 2.247 0.358 6.276
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quotients (Tab. 1) represent the effect of the evenness
component over the effect of the richness component
on each of the three diversity indices. These quotients
are valid for comparison between diversity indices be-
cause the diversity values are all expressed on linear
scales. 1dentical scales were used for evenness in each
of the diversity vs. evenness graphs, as well as for rich-
ness in each of the diversity vs. richness graphs. A
comparison of these quotients shows that Shannon’s
index places almost twice as much weight on the rich-
ness component as does either McIntosh’s or Simpson’s
index. Similarly, Simpson’s index is influenced by even-
ness slightly more than McIntosh’s and much more
than Shannon’s.

To determine if all three indices were measuring sim-
ilar differences in evenness, linear regressions were cal-
culated between the values of J* and SE, J* and ME,
and SE and ME, (Eqns (5), (6) and (8)) from the Siskiyou
Mountain data. All three regressions had correlation
coefficients greater than 0.96 showing that all three in-
dices measured similar evenness differences.

5. Conclusions

This study has shown the relationship of the two com-
ponents of species diversity to three indices of diversity.
Since species diversity has never been defined specifically
in terms of exact amounts of richness and evenness, no
actual attempt has been made to judge which diversity
index is best or should be used. However, the results
of this study clarify certain aspects of both Simpson’s
and Mclntosh’s indices which may make them more
useful in measuring diversity than they have been in
the past. Both indices were originally expressed on a
non-linear probability scale which tends to obscure the
actual differences in higher diversity values. It is sug-
gested that these indices are much more clearly repre-
sentative of diversity when expressed in probits or
graphed on probability paper. It has also been shown
that both MclIntosh’s and Simpson’s indices are in-
fluenced considerably more by species evenness and less
by richness than is Shannon’s index. All three indices
have been shown to be linearly related to species even-
ness and species richness expressed in logarithms to the
base 2.

OIKOS 26:2 (1975)
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