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The Diserud–Ødegaard multiple-site similarity
index makes use of data on species shared by
two or more sites, but produces equal similarity
values in two different circumstances: species
loss and true species turnover. We developed a
new multiple-site similarity measure, which is
independent of richness and performs better
than the Diserud–Ødegaard index under con-
ditions of equal richness between sites, because
it discriminates between situations in which
shared species are distributed evenly among
sites or concentrated in few pairs of sites. We
conducted several simulations to assess the
relative performance of both the indices. The
use of the new measure is recommended,
enabling the simultaneous analysis of turnover
and richness gradients based on two indepen-
dent measures.
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1. INTRODUCTION
Beta diversity, a measure of variability in site-assem-
blage composition (Whittaker 1960), may be caused
by two different phenomena: nestedness and species
turnover (Harrison et al. 1992). Nestedness of species
assemblages occurs when the biotas of sites with
lower numbers of species are subsets of the biotas at
richer sites (Wright & Reeves 1992), reflecting a
process of species loss. It is the consequence of any
factor that promotes the orderly disaggregation of
assemblages (Gaston & Blackburn 2000). Contrary to
species loss, species turnover implies the replacement
of some species by others and is a consequence of
environmental as well as spatial and historical
differences among sites (Qian et al. 2005). Patterns of
biodiversity that may be revealing different processes
(Williams et al. 1999) must be discerned
and, regarding beta diversity, this implies that nested-
ness and species turnover must be disentangled
(Baselga in press).

Diserud & Ødegaard (2007) proposed a multiple-
site similarity measure, with conceptual and methodo-
logical advantages over traditional approaches based
Electronic supplementary material is available at http://dx.doi.org/
10.1098/rsbl.2007.0449 or via http://www.journals.royalsoc.ac.uk.

Received 28 August 2007
Accepted 25 September 2007

642
on average pairwise similarities (e.g. Koleff & Gaston
2002; Gaston et al. 2007). A multiple-site index
avoids (i) the loss of information concerning the
number of species shared among three or more sites
and (ii) the lack of independence between pairwise
similarities due to the repetition of each site in several
pairs (Diserud & Ødegaard 2007). The index is an
extension of the widely used Sørensen similarity
index, thereby inheriting its sensitivity to variation in
richness, which in many cases is an undesirable
property (Wilson & Shmida 1984; Koleff et al. 2003).

If an index that is not independent of richness is
used, when the selected sites span a richness gradient,
then the differences in composition due to differences
in richness (nestedness) cannot be distinguished from
differences in composition that are independent of
richness. In such a scenario (figure 1), species loss
cannot be distinguished from true species turnover
(Harrison et al. 1992). The aim of this paper is to
provide a new multiple-site similarity measure that is
independent of patterns of richness but retains the
advantages of the Diserud–Ødegaard index.
2. MATERIAL AND METHODS
We derive the new multiple-site similarity measure from the
Simpson index in a fashion to ensure its independence from
patterns of richness. The Simpson index for similarity between two
sites (Sim) is given by

Sim Z
aij

minðbij ; bjiÞCaij

; ð2:1Þ

where aij is the number of species common to both sites; bij is the
number of species that occur in the site i but not in the site j; and bji is
the number of species that occur in the site j but not in the site i.

To extend this index to situations involving multiple sites, we
start with three sites. Following the same notation of equation
(2.1), in this case the term aij can be substituted by the number of
shared species counts exceeding the number of species shared by
the first pair of sites hX

i!j

aijKaijk

i
;

aijk being the number of species common to the three sites, and the
term min(bij, bji) can be substituted by the sum of minimum values
of species not shared between each pair of siteshX

i!j

minðbij ; bjiÞ
i
:

Thus, a three-site similarity measure can be
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Considering a general case with n sites, the new multiple-site
similarity measure can be formulated as
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where aij is the number of species shared by sites i and j; aijk is
the number of species shared by sites i, j and k, etc.; and bij and
bji are the number of species exclusive from sites i and j,
respectively, when compared by pairs. Note that for two
sites this reduces to the Simpson index (equation (2.1)). Finally,
the notation of the new measure can be simplified using the
inclusion–exclusion principle (Erickson 1996) to substitute the

term
hP

i!j

aijK
P

i!j!k

aijkC
P

i!j!k!l

aijklK/
i

by
hP

i

SiKST

i
, where

Si is the total number of species in site i and ST is the total
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Figure 1. Hypothetical example involving two islands
((a) island 1 and (b) island 2) and three sampling sites in
each. Sites A–C have the same richness (six species each)
with three species common to all three sites, each site also
harbouring three taxa exclusive to it. Sites D–F form a
richness gradient in which species are lost from site D (six
species) to E (two) and F (one). These biotas are
completely nested. In both islands, the Diserud–Ødegaard
index yields exactly the same similarity of 0.5, although it is
clear that species turnover produces much more dissimilar
assemblages than species loss.
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number of species in all sites considered together,
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SiKST

� � : ð2:4Þ

An R function (R Development Core Team 2006) to compute
Msim from presence–absence tables is provided in the electronic
supplementary material. The function is called Simpson.multi(x),
where x is a data frame in which sites are rows and species are
columns.

The new measure was compared with the Diserud–Ødegaard
index to assess their respective performances under three different
conditions defined by richness or degree of species overlap among
sites:
Test 1. Equal and constant richness, increasing species overlap: three
sites have the same richness (Si) and the number of species shared
by pairs of sites and by the three sites increases from 0 to Si in
intervals of 10, considering all possible combinations of aij and aijk.
This scenario is replicated for five different values of Si (60, 70, 80,
90 and 100 species).
Test 2. Equal and increasing richness, increasing species overlap: in the
initial case, richness of the three sites is equal to 1, and increases 1
species in each site in subsequent cases (to SiZ100); thus in all 100
cases richness remains equal among sites. Species are added
randomly from a fixed pool of 100 species; thus the number of
shared species increases with richness, with some random fluctu-
ations. This scenario is replicated five times to increase the
combinations due to the random inclusion of species.
Test 3. Increasing richness differences, equal species overlap: in the initial
case, richness of the three sites is equal (SiZ15), five species are
shared among three sites (a123Z5) and five species are shared
Biol. Lett. (2007)
between each pair of sites (a12Za13Za23Z5). New species
exclusive of site 1 are added sequentially (to S1Z50, S2ZS3Z15),
increasing richness differences between this site and the others but
maintaining the number of species shared between the three sites as
identical. This scenario is replicated for four other combinations of
initial richness and overlap: initial Si increasing from 16 to 19; a123

decreasing from 4 to 1; and a12 (Za13Za12) increasing from 6 to
9, respectively.

Our expectations are a high correlation between both the
measures under conditions simulated by tests 1 and 2, but a complete
independence between the new measure and the Diserud–Ødegaard
index under conditions simulated by test 3, in which the Diserud–
Ødegaard measure should correlate with the standard deviation of
richness, contrary to the situation for the new index.
3. RESULTS
The performance of the new measure compared with
the Diserud–Ødegaard index yielded clear results. In
conditions of equal richness among all sites, both the
indices highly correlated (figure 2a,c). Moreover, test
1 revealed another unexpected advantage of the new
measure, which discriminated between situations that
were considered to be equivalent by the Diserud–
Ødegaard index: columns of points in the scatterplot
(figure 2a) indicate that the new measure yielded
different similarity values for different combinations
of shared species, computing a higher similarity for
balanced situations in which the shared species are
more evenly distributed among sites, and not concen-
trated in only two very similar sites (figure 2b), which
is in accord with the common concept of similarity.

Test 2 yielded similar statistical results (figure 2c),
confirming equivalent performance of both the
indices when the increment of diversity is equivalent
in all sites. This equivalence between measures is lost
when the increment in richness is not equal in all
sites, as simulated in test 3. Under these conditions,
the two indices are independent (figure 2d ) because
the Diserud–Ødegaard measure reflects the magni-
tude of richness differences (Pearson’s correlation
between Diserud–Ødegaard similarity and s.d. of Si ,
K0.988RrRK0.992, p%0.001 in all replicates),
whereas the new index is completely independent of
richness gradients (figure 2e).
4. DISCUSSION
The disparate performance of different similarity
measures is well known for the traditional pairwise
similarity indices (Wilson & Shmida 1984; Harrison
et al. 1992; Williams et al. 1999; Koleff et al. 2003).
The selection of a particular index should not be
based on subjective preferences or on previous wide-
spread usage. Rather, the appropriateness of the
measure to test the addressed hypothesis (Willig et al.
2003) should guide the choice of measure (Baselga
in press). The same applies for the multiple-site
similarity measures. The Diserud–Ødegaard index
performs appropriately in samples of similar richness,
but incorporates richness differences as if they were
compositional differences. Depending on the
hypothesis tested, this characteristic may be assumed
and even desired, but it should be taken into account
that under richness gradient conditions the Diserud–
Ødegaard measure may consider two different
circumstances as equivalent. This could lead to
confusing results if we try to compare multiple-site

http://rsbl.royalsocietypublishing.org/
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Figure 2. Relative performance of the Diserud–Ødegaard (D–Ø) measure and the Simpson-based multiple-site index under
three different scenarios. (a) Test 1: equal and constant richness, increasing species overlap. Only one of the five replicates is
represented provided that all of them yielded exactly the same pattern (rZ0.984, p%0.001). (b) Venn diagrams showing six
different situations (Msim: (i) 0.333, (ii) 0.349, (iii) 0.357, (iv) 0.370, (v) 0.385 and (vi) 0.400) in which the Diserud–
Ødegaard index yields the same value of similarity (0.5), whereas the Simpson-based multiple-site index discriminates
balanced cases (in which shared species are evenly distributed among sites A, B and C) from unbalanced cases (in which
shared species are concentrated in any of the shared fractions). (c) Test 2: richness increasing simultaneously in three sites
(thus remaining equal among them), increasing species overlap (rZ0.967, p%0.001). The scatterplot combines the five
replicates. (d ) Test 3: increasing richness differences among sites, equal species overlap. Each symbol identifies each of the
five replicates. (e) Relationship of each similarity measure with the dispersion of richness among sites (s.d.) as simulated in
test 3. Symbols identify each of the five replicates for the Diserud–Ødegaard index (filled symbols) and the Simpson-based
multiple-site index (open symbols).
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similarities of datasets with different richness gradients
among the samples.

The discrimination of species turnover from
species loss is a critical characteristic since richness
gradients are pervasive (i.e. latitudinal gradients; see
Willig et al. (2003) for a review). In the cases
illustrated by figure 1, the new index yields two
different results (MsimZ0.4 versus MsimZ1.0), identi-
fying completely nested biotas as entirely similar. For
this reason, in the analysis of beta diversity among
biotas, richness gradients caused by nestedness and
pure species turnover should be simultaneously ana-
lysed, disentangling their patterns by means of inde-
pendent but complementary measures. This partition
is crucial for the complete understanding of central
biogeographic, ecological and conservation issues. In
biogeography, areas where biotas are replaced are
defined as borders between biogeographic regions
and are identified as peaks of biotic dissimilarity, and
thus must be distinguished from impoverished zones,
because each case is generated by different historical
or environmental factors (Williams et al. 1999). In
ecology, assigning the different biodiversity patterns
to their respective biological phenomena is essential
to analyse the causality of the processes underlying
biodiversity. Regarding conservation purposes, simi-
larity indices can be used to identify areas of
maximum species turnover and thus maximize biodi-
versity of protected areas (Wiersma & Urban 2005).
If richness gradients are present and the chosen
similarity index is not independent of richness, max-
imizing dissimilarity (complementarity) between
reserves could support selection of rich and poor
areas with exactly the same species (nested biotas) as
dissimilar. This is exactly the opposite of the con-
servation objective.
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