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Although great effort has been devoted to the descrip-
tion of richness patterns (see, as most recent examples,
Svenning and Skov 2007, Montoya et al. 2007, Reyjol
et al. 2007, Whittaker et al. 2007), much less literature
on large scale beta diversity patterns is available (but see
Qian et al. 2005). In a recent contribution, Soininen
et al. (2007) performed an interesting meta-analysis
searching for relationships between different predictors
and the decay of similarity with geographic distance
across a wide range of organisms, ecosystems and
geographical gradients. Though the aim, objectives
and conceptual background of this paper are very
interesting, ecologists should be aware of strong draw-
back in their analytical framework that could poten-
tially invalidate their major conclusions. One of their
most remarkable results is the finding of a faster
distance decay of similarity at higher latitudes, contra-
dicting all current data and disagreeing Rapoport’s rule,
which predicts a positive correlation between species
range size and latitude. I show here how the result
may be produced by the confusing effect of richness
gradients combined with the selection of a simila-
rity measure inappropriate for the hypothesis tested.
Soininen et al. (2007) sought to describe beta diversity
patterns based on Sorensen similarity measure, which is
known to be strongly biased by richness patterns (Koleff
et al. 2003). Soininen et al. (2007: p. 8) acknowledged
that this characteristic of the Sorensen metric could be a
problem for the interpretation of their results when
discussing the relation between similarity decay and
latitude. In fact, there is a problem in all their tests
involving variables covariating with richness (as trophic
position or body weight, for example), because richness
gradients distort turnover patterns if the similarity
measure (Sorensen in this case) incorporates differences
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in richness as differences in composition. The solution
would be to select a measure of beta diversity not
influenced by richness differences.

Conceptual background

Why the Sorensen index is inappropriate in this case? It
is well known the different performance of the great
variety of available similarity indices (see, for example,
Wilson and Shmida 1984, Koleff et al. 2003). The selec-
tion of one of these measures depends on the hypothesis
to be tested. For the point raised here, two categories
are relevant: those indices incorporating richness differ-
ences as compositional differences (i.e. Sorensen) and
those yielding similarity values independent of richness
variation (i.e. Simpson). Trivially, different richness
implies different species composition, so it could be
defended that richness differences should be taken into
account by the selected similarity index. However,
when richness gradients are present among the analyzed
samples, the acceptance of richness differences as if they
were composition differences results in the mixture of
two different processes in the same measure, and thus
the possible assumption of two different situations as
equivalent. Suppose we analyze two pairs of samples
(A, B, C, D) with 20, 20, 20 and 5 species, respectively.
And suppose that A and B share 8 species (therefore 12
species are exclusive of each site) whereas C shares all
the 5 species present in D (completely nested faunas,
therefore 15 species are exclusive of C, and none of
D). Using the Sorensen index the two situations are
equivalent (Similarity A-B =Similarity C-D =0.4)
although it is intuitively clear that turnover is greater
between A-B than between C-D, as suggests the fact



that 32 species are involved in the first case, but only 20
in the second. Contrarily, the two cases are viewed as
completely different if measured with the Simpson
index (Similarity A—B =0.4; Similarity C-D =1). It
could be argued that using the Simpson measure we are
loosing the information derived of the richness differ-
ences. But this information is not lost but partitioned,
since we always know richness values for each sampling
site, thus richness patterns may be analyzed indepen-
dently. Taking into account these considerations, when
we are interested in the turnover patterns of samples
involved in richness gradients, i.e. latitudinal diversity
gradients, the two aforementioned situations should be
discriminated in order to disentangle two independent
phenomena (Harrison et al. 1992): 1) the loss of species
in higher latitudes, and 2) the change in species
composition between different communities. Both
phenomena are related with geographic distance but
the first one is only related to latitudinal distances,
whereas the second is isotropic. Therefore, the integra-
tion of the two processes in the same measure yields
meaningless results when comparing geographic dis-
tances necessary to reduce a fixed amount of faunal
similarity, as Soininen et al. did. I am not claiming the
uselessness of the Sorensen index per se, since the
selection of one or another type of similarity index
depends on the hypothesis to be tested. However,
the questions addressed by Soininen et al. (2007) are
referred, as they state in the introduction, to the second
phenomenon: the change in species composition due to
niche-based processes (Whittaker 1960, Nekola and
White 1999), spatial limitations (Qian et al. 2005) or
neutral processes as random dispersal or speciation
(Hubbell 2001). For this reason, richness gradients
should be controlled for, in order to test the hypothesis
of the influence of variables covariating with richness
(as latitude, trophic level or body size) on the distance
decay of similarity.

A real example

The reanalysis of the data used by Soininen et al. (2007)
is not possible because their data are the published
regression coefficients between faunal similarity (com-
puted with the Sorensen metric) and geographic
distance. Since the original papers do not provide the
raw data, no other turnover measures can be computed.
For this reason, to illustrate the point raised here, I
exemplify the different performance of similarity
indices using a database of European longhorn beetles
(Coleoptera: Cerambycidae) (Danilevsky 2007) and
testing for the influence of the index in our perception
of faunal turnover at different latitudes. Excluding
islands to avoid the effect of insularity, I ordered
European countries by their mean latitude, and built

two different datasets of northern and southern coun-
tries of similar number of cases (19 vs 18), being the
northern limits of the southern dataset France, Switzer-
land, Austria, Hungary, Romania and Moldova. Faunal
similarity matrices were computed for the two datasets,
using two different turnover measures: Sorensen
(affected by richness) and Simpson (not affected)
(Koleff et al. 2003). Geographic distances between
countries were computed as the Euclidean distance
between UTM centroids of each country. Thereafter,
the relation between faunal similaricy (Sorensen or
Simpson metric) and geographic distance was com-
puted applying regression on distance matrices
(Legendre et al. 1994). The slope of this regression is
the parameter determining the halving distance (i.e. the
geographic distance needed to halve the initial similar-
ity, in the terms of Soininen et al. 2007): the steeper the
slope, the faster the distance decay of similarity, and the
smaller the halving distance. To evaluate the perfor-
mance of Sorensen and Simpson measures, I compared
the slopes yielded by each index in the northern and
southern datasets, respectively. Since the lack of
independence of observations (distances or similarities)
precludes the test for significance by means of tradi-
tional regression procedures, significance of the rela-
tions was computed in R (Anon. 2006) using the vegan
package (Oksanen et al. 2007) by means of Mantel
permutation tests. To compare the slopes yielded by the
different similarity indices, the dispersion of the
regression coefficients was estimated by bootstrapping,
in order to detect significant differences between
measures. A frequency distribution of 1000 slopes was
retrieved by bootstrapping, using PopTools software
(Hood 2006). The probability of obtaining the oppo-
site result by chance was empirically computed by
comparing the estimated distributions.

Using the Sorensen metric, as Soininen et al. (2007)
did, the Pearson correlation coefficient between simi-
larity and geographic distance was almost equal in the
northern (r= —0.54, p <0.001) and southern (r=
—0.55, p =0.001) datasets, whereas the Simpson index
produced a quite different result, being the correlation
in the northern dataset (r= —0.42, p <0.001) lower
than in the southern dataset (r= —0.58, p <0.001).
Moreover, the slopes of the regressions are quite
different depending on the similarity metric. In the
southern dataset (Fig. 1a) the slopes (similarity km ™ L
mean + SE) yielded by Sorensen (—1.04E-04+ 1.19E-
05) and Simpson (—9.59E-05 + 1.14E-05) indices are
not significantly different (probability of having found
the opposite result by chance, p=0.333; Fig. lo),
whereas in the northern dataset (Fig. 1b) the slope
yielded by Sorensen index (—9.42E-05+1.14E-05) is
almost two times the slope yielded by Simpson
(—5.70E-05 £ 8.30E-06), a difference achieving high
significance (p =0.008; Fig. 1d).
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Fig. 1. Relationship between faunal similarity (Sorensen or Simpson measures) and geographic distances in the (a) southern and
(b) northern datasets. The dispersion of the regression coefficients was estimated by bootstrapping in order to detect significant
differences between measures. The distributions (and adjusted normal curves) of the slopes yielded by Sorensen and Simpson

indices are shown for the (c) southern and (d) northern datasets.

Therefore, avoiding the confusing effect of richness
gradients by means of the Simpson measure, the results
disagree with those obtained by Soininen et al. (2007)
and are in complete accordance with Rapoport’s rule: in
the northern dataset the decay of similarity with
geographic distance is much slower. Thus, the result
found by Soininen et al. (2007) seems to be an artefact
created because the Sorensen index incorporates the
differences in richness between samples. This fact is
clearly illustrated by the strong negative correlation
found between Sorensen similarities and species rich-
ness differences between pairs of countries, in the
southern (r= —0.570, p <0.001) and especially in
the northern (r= —0.749, p <0.001) dataset. In
contrast, Simpson similarities presented a positive
correlation with richness differences in the northern
dataset (r=0.561, p<0.001), and no significant
relationship in the southern dataset (r=0.107, p =
0.165). The positive correlation found in the northern
dataset implies that in this case countries with more
different species richness presented more similar com-
position.
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In conclusion, measuring turnover with the Sorensen
index, I have found similar slopes in the north and the
south, with a non-negligible probability of finding a
faster decay of similarity in the north (p=0.288).
Probably for this reason Soininen et al. (2007) found a
slightly faster decay of similarity at higher latitudes.
However, the Simpson measure yields a clearly faster
decay of faunal similarity in the south (probability of
having found the opposite result by chance, p =0.002).
Therefore, the selection of an index which actually
measures turnover between sites, and not the richness
variation, is a crucial topic if the turnover patterns are to
be understood. Richness gradients related to latitude
(Whittaker et al. 2001), body size (Ulrich 2006) or
trophic level (Petchey et al. 2004) are pervasive
phenomena that have been widely documented. For
this reason, such richness gradients should be removed
from the analyzed turnover patterns if we want to
disentangle both processes. Although the topic is by no
means a new idea (Wilson and Shmida 1984, Harrison
et al. 1992, Williams et al. 1999, Koleff et al. 2003), it

seems still necessary to emphasize the importance of an



appropriate selection of the similarity measure, since the
consequences are noteworthy, and the derived patterns
might even be confusing.
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