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 A comparison of three diversity indices based on their components of

 richness and evenness

 T. M. DEJONG

 Department of Biological Sciences, California State University, Fullerton

 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' = C~pi log2 pi, is found to be linearly related to evenness and to

 the log2 of the number of species. Simpson's Index, D = 1 - n(n - 1) and
 __ zg~~~~N(N -1)

 N - V/ni2
 McIntosh's Index, D' = N - , when expressed in probits are found to

 be linearly related to evenness and to the log2 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.

 PaCc'9TeHO BWAOBOe pa3Hoo6pa3He c flOMOlUbIO Tpex pa3JI1LHbIX 4HHeKCOB HO
 cepami peaJIbHbIX H MOeZJIHPOBaHHbIX gaHHbIX. KawcJbIri HHJeKC npoaHanH3a-
 POBaH ARS onpeAeJieHH3s ero 3aBHCHMOCTH OT 4ByX KOm1OHeHT pa3Hoo6pa3HH,
 6oraTCTna H BbIpoBHeHHOCTH. 4H4)OpaLiHOHHaS fopmyjia IIJ3HHOHa H' = CIpi log2
 pi HaXO4HTCq B mHe#Holk 3aBHCHMOCTH OT BbIPOBHeHHOCTH H 10g2 OT o6isiero

 KoJieCTBa BHXOB. 14HHeKc CHMnCOHa D = I - Jn(n - 1) U nHHeKC MaK- NN- 1)

 N-V/Enj2
 HHTOwa D' - N - BBi9paKeHHbtlI B 6HTax, faxOsiTCq B JIHeMHOnf 3a-

 BHCHMOCTH OT BBIPOBHeHHOCTH H 10g2 OT mcjia BH)ROB. 06cy)KraaoTCq OTHOweHH51
 MewgY HHXeKCaMH H BO3MO)ICHOCTH Hx npHMeHeHH%.

 Manuscript accepted 12 November 1974
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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 McIntosh.

 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

 5

 ni(ni - 1)
 _________________(1 )

 D- _I = I
 N(N-1)

 (Pielou 1969). In this equation S = the number of spe-
 cies, ni = 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

 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

 5

 H' = C pi log pi (2)

 C is a constant and pi can be estimated by ni/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)

 N- ni2
 (3)

 Nt - -V_ 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.

 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 formula

 Evenness = calculated diversity - minimum diversity
 maximum diversity - minimum diversity (4)

 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 ni(ni-1)

 i= t [~(S -1)(2N -S)l

 SE 1 l N(N - 1) - N(N1 ) (5)
 [N(S -1) [(S -1)(2N - S)

 S(N -1)- N(N -1

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

 s

 [C 2pilogPi] -[logN N -)(S?) log (N- (S + 1))]
 J* - N (6)

 log jlog N-N- (S ) log (N - (S + 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
 Eqn (7)

 H' (7)
 log S

 (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

 /s

 N - / E ni2
 i- 1 VN-/(S-1) + (N (S 1))2

 ME- N-/N N-A/N (8)

 N-V [N]S [ SS -1) + (N (S 1))2

 N-V/N N-V/N

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

 N |/ E

 A __9___

 max (A/N, S) N-N/VS

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

 4. Methods and results

 To analyze Simpson's, Shannon's, and McIntosh'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, McIntosh'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 occurrence 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 (10g2 5) in vegetation
 of the Siskiyou Mountains. (Data from Whittaker 1960.)
 Simpson's (D) regression: y = 0.407 x + 4.124, r = 0.960
 McIntosh's (D') regression: y =- 0.314 x + 3.857, r = 0.956
 Shannon's (H') regression: y =- 1.001 x - 1.3 13, 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 pb6.598 x - 0.972, r = 0.929
 McIntosh's (D') regression: y 5.235 x + 1.283, r n e0.937
 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 10g2 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 10g2 Of
 species richness. Profits 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).

 McIntosh'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
 profits and plotted against the 10g2 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
 McIntosh 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 10g2 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
 McIntosh's (D') regression: y = 0.358 x + 4.392, r = 0.999
 Shannon's (14') 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 + 4.090, r = 1.000
 McIntosh's (D') regression: y = 2.247 x + 3.730, r = 1.000
 Shannon's (H') regression: y =- 3.465 x + 0.857, r = 1.000

 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 log2 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
 McIntosh 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. Identical 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, JP 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 McIntosh'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 McIntosh'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.

 Acknowledgements

 I wish to express my gratitude to Dr T. L. Hanes and Dr
 J. Burk for their support and constructive criticism through-
 out the study, and to Dr R. H. Whittaker for allowing me
 to use his data for this analysis. I would also like to thank
 Mr R. Boston for his assistance with computer program-
 ming, Dr M. G. Barbour for editing help, and Mrs R. De
 Song, my wife, for her help in preparing this manuscript.

 References

 FAGER, E. W. 1972. Diversity: a sampling study. - Am. Nat.
 106: 293-309.

 FISHER, R. A., CORBET, A. S. and WILLIAMS, C. B. 1943.
 The relation between the number of species and the
 number of individuals in a random sample of an animal
 population. - J. Anim. Ecol. 12: 42-58.

 FISHER, R. A. and YATES, F. 1963. Statistical tables for
 biological, agricultural and medical research. - Oliver
 and Boyd, Edinburgh.

 GLEASON, H. A. 1922. On the relation between species and
 area. - Ecology 3: 156-162.

 HURLBERT, S. H. 1971. The non-concept of species diver-
 sity: a critique and alternative parameters. - Ecology
 52: 577-586.

 KRICHER, J. C. 1972. Bird species diversity: the effect of
 species richness and equitability on the diversity index.
 - Ecology 53: 278-282.

 LOYA, Y. 1972. Community structure and species diversity
 of hermatypic corals at Eilat, Red Sea. - Mar. Biol. 13:
 100-123.

 MCINTOSH, R. P. 1967. An index of diversity and the rela-
 tion of certain concepts to diversity. - Ecology 48:
 392-404.

 MONK, C. D. 1967. Tree species diversity in the deciduous
 forest with particular reference to north central Florida.
 - Am. Nat. 101: 173-187.

 PIELOU, E. C. 1969. An introduction to mathematical eco-
 logy. - Wiley-Interscience, New York.

 RISSER, P. G. and Rice, E. L. 1971. Diversity in tree species
 in Oklahoma upland forests. - Ecology 52: 876-880.

 SANDERS, H. L. 1968. Marine benthic diversity: a compara-
 tive study. - Am. Nat. 102: 243-282.

 SHANNON, C. E. and WEAVER, W. 1949. The mathematical
 theory of communication. - Univ. Illinois Press, Ur-
 bana.

 SIMPSON, E. ff. 1949. Measurement of diversity. - Nature,
 Lond. 163: 688.

 SOKAL, R. R. and ROHLF, F. J. 1969. Biometry. - Freeman,
 San Francisco.

 WHITTAKER, R. H. 1960. Vegetation of the Siskiyou Moun-
 tains, Oregon and California. - Ecol. Monogr. 30: 279-
 338.

 - 1972. Evolution and measurement of species diversity.
 - Taxon. 21(2/3): 213-251.

 WILLIAMS, C. B. 1964. Patterns in the balance of nature. -
 Academic Press, New York.

 OIKOS 26:2 (1975) 227

This content downloaded from 169.237.27.176 on Mon, 01 May 2017 17:02:07 UTC
All use subject to http://about.jstor.org/terms


	Contents
	p. 222
	p. 223
	p. 224
	p. 225
	p. 226
	p. 227

	Issue Table of Contents
	Oikos, Vol. 26, No. 2 (1975) pp. 103-250
	Front Matter
	Photosynthetic Sulfide Oxidation in Marine Sediments [pp. 103-108]
	Statistical Parameters as Criteria in Model Evaluation: Kinetics of Mercury Accumulation in Pike Esox lucius [pp. 109-116]
	Predation on Birds' Nests in Relation to Antipredator Aggression and Nest Density: An Experimental Study [pp. 117-120]
	Nutrients, Biomass and Primary Productivity of Nannoplankton in Eutrophic Lake Vombsjön, Sweden
[pp. 121-139]
	Energy Budget and Growth during the Development of Melasoma collaris (Coleoptera) [pp. 140-146]
	Effect of Nitrogen-Fixing Bacteria on Mineralization in Raw Humus [pp. 147-151]
	Bacterial Flora of Soil after Application of Oily Waste [pp. 152-158]
	Energetic Relationships of the Larval Population of Potamophylax cingulatus (Trichoptera) in a South Swedish Stream [pp. 159-169]
	Estimation of Readily-Available Phosphate in Some English Lake District Woodland Soils [pp. 170-176]
	Energy Budget of a Natural Population of Aphodius rufipes Larvae (Scarabaeidae) [pp. 177-186]
	Wood Litter Fall in Relation to Abscission, Environmental Factors, and the Decomposition Cycle in a Danish Oak Forest [pp. 187-195]
	Trappability of Various Functional Groups of the Forest Rodents Clethrionomys glareolus and Apodemus flavicollis, and Its Application in Density Estimations [pp. 196-204]
	Apparent Stability in Hindwing Diversity in Samples of Moths of Varying Species Composition [pp. 205-210]
	Food of Slugs in Mixed Deciduous Woodland [pp. 211-221]
	A Comparison of Three Diversity Indices Based on Their Components of Richness and Evenness [pp. 222-227]
	Environmental Influences on the Temperature of a Small Upland Stream [pp. 228-236]
	Measuring Small Mammal Locomotory Activity with Passage Counters [pp. 237-239]
	The Tropical Origin of Ecology: Eugen Warming's Jubilee [pp. 240-245]
	A Diver-Operated Suction Sampler for Fauna on Rocky Bottoms [pp. 246-249]
	Erratum: Microbial Decomposition of Tree and Shrub Leaf Litter. 1. Weight Loss and Chemical Composition of Decomposing Litter [pp. 250]
	Back Matter



