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ABSTRACT

Aim Unpartitioned dissimilarity indices such as the Sørensen index (bsor) tend
to categorize areas according to species number. The use of turnover indices,

such as the Simpson index (bsimp), may lead to the loss of important informa-

tion represented by the nestedness component (bnest). Recent studies have sug-

gested the importance of integrating nestedness and turnover information. We

evaluated this proposition by comparing biogeographical patterns obtained by

unpartitioned (bsor) and partitioned indices (bsimp and bnest) on presence data

of western Mediterranean butterflies.

Location Western Mediterranean.

Methods We assessed the regionalization of 81 mainland and island faunas

according to partitioned and unpartitioned dissimilarity by using cluster analyses

with the unweighted pair-group method using arithmetic averages (UPGMA)

combined with non-metric multidimensional scaling (NMDS). We also carried

out dissimilarity interpolation for bsor, bsimp, bnest and the bnest/bsor ratio, to

identify geographical patterns of variation in faunal dissimilarity.

Results When the unpartitioned bsor index was used, the clustering of sites

allowed a clear distinction between insular and mainland species assemblages.

Most islands were grouped together, irrespective of their mainland source,

because of the dominant effect of their shared low richness. bsimp was the most

effective index for clustering islands with their respective mainland source.

bsimp clustered mainland sites into broader regions than clusters obtained using

bsor. A comparison of regionalization and interpolation provided complemen-

tary information and revealed that, in different regions, the patterns high-

lighted by bsor could largely be determined either by nestedness or turnover.

Main conclusions Partitioned and unpartitioned indices convey complemen-

tary information, and are able to reveal the influence of historical and ecologi-

cal processes in structuring species assemblages. When the effect of nestedness

is strong, the exclusive use of turnover indices can generate geographically

coherent groupings, but can also result in the loss of important information.

Indeed, various factors, such as colonization–extinction events, climatic param-

eters and the peninsular effect, may determine dissimilarity patterns expressed

by the nestedness component.

Keywords

Beta diversity, butterflies, faunal dissimilarity, island biogeography, mainland
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INTRODUCTION

Dissimilarity indices, such as those described by Sørensen

(1948) and Simpson (1960), have a long but contested his-

tory in biogeography (Shi, 1993; Baselga, 2010; Tuomisto,

2010; Almeida-Neto et al., 2011). The widely used Sørensen

index (bsor) has been shown to comprise two additive com-

ponents: (1) nestedness (bnest) and (2) the spatial replace-

ment (turnover) of species, corresponding to the Simpson

index (bsimp) (Baselga, 2010). This insight has facilitated the

identification of historical and ecological drivers of current

similarities among species assemblages (Dobrovolski et al.,

2012; Fattorini & Baselga, 2012; Stuart et al., 2012) and the

development of broad-scale regionalizations (Kreft & Jetz,

2010; Holt et al., 2013; Mouillot et al., 2013). However, the

meaning and appropriateness of their different uses remain

subject to debate (Baselga, 2010; Tuomisto, 2010; Almeida-

Neto et al., 2011).

The relative importance of nestedness and turnover com-

ponents in determining overall (dis)similarities among spe-

cies assemblages varies as a result of different processes

(Dobrovolski et al., 2012; Mouillot et al., 2013). Regarding

island biogeography, a recursive and counterintuitive pattern

occurs when islands are compared using bsor or the Jaccard

index (Jaccard, 1901), which is monotonically related to bsor:
the poorest islands tend to be grouped together, even if they

belong to different archipelagos (Sfenthourakis, 1996; Dennis

et al., 2000; Gentile & Argano, 2005; Spengler et al., 2011).

Moreover, these indices tend to consider the species-poor

islands as remarkably different from their neighbouring

mainland sources (Dapporto & Cini, 2007; L�opez-L�opez

et al., 2008; Heiser & Schmitt, 2010). We refer to this pattern

as the island aggregation rule. The aggregation rule may be a

reflection of the impoverished and nested distribution of

island biotas, and underlines the importance of understand-

ing what the indices are actually measuring in each dataset

before drawing conclusions.

The aggregation of areas according to their species rich-

ness represents a well-known phenomenon (Koleff et al.,

2003; Baselga, 2010) that has led to the general view that the

ordered changes in richness among areas, expressed by the

nestedness component, is noise that obscures biogeographical

patterns, favouring instead the use of turnover indices (Base-

lga, 2010; Kreft & Jetz, 2010; Holt et al., 2013; but see

Mouillot et al., 2013). From this perspective, turnover indi-

ces have become the preferred choice for expressing dissimi-

larity in species composition among species assemblages (e.g.

Kreft & Jetz, 2010).

Despite the recent tendency to remove the signal produced

by nestedness, nested patterns are considered to be wide-

spread over most species assemblages as a result of a combi-

nation of ecological filtering and historical events (Ulrich

et al., 2009; Fattorini & Ulrich, 2012; Ulrich & Almeida-

Neto, 2012). Dobrovolski et al. (2012) found that the

variation in the proportion of dissimilarity attributed to

nestedness (bnest) on the overall unpartitioned index (bsor)

could explain colonization history, with a high bnest/bsor ratio
underlying a predominance of extinction and recolonization

events, and a low bnest/bsor ratio revealing historical finger-

prints among more stable areas.

The different abilities of species to disperse and persist

under various degrees of insularity may underpin a general-

ized trend for poor island species assemblages to be nested

subsamples of species assemblages from larger islands or

mainland regions (Ulrich et al., 2009; Dennis et al., 2012).

As shown for coral reef fish, the nestedness component can

group small assemblages not because they share a particularly

high proportion of species, but because they share the

absence of many species occurring in richer areas (Mouillot

et al., 2013). Thus a strong predominance of the nestedness

component relative to turnover may explain the tendency of

islands to aggregate.

We present a case study on the importance of pairing

unpartitioned and partitioned components in order to better

understand the biogeography of western Mediterranean but-

terflies that have a well-known distribution (e.g. Dennis &

Schmitt, 2009). The aim of our study was to compare the

pattern of each partitioned and unpartitioned component of

faunal dissimilarity, and to dissect local evidence of historical

and ecological phenomena (endemicity, relictuality, filtering

and peninsular effects) (e.g. Dobrovolski et al., 2012; Fatto-

rini, 2013; Mouillot et al., 2013) using two approaches. The

first approach focused on detecting faunal regionalization

based on overall dissimilarity matrices. Two recent studies

(Kreft & Jetz, 2010; Holt et al., 2013) used a combination of

classification and ordination analyses [unweighted pair-group

method using arithmetic averages (UPGMA) clustering and

non-metric multidimensional scaling (NMDS)] for the iden-

tification of groups and visualization of global patterns. We

applied a similar methodology to recognize coherent groups

of sites in the studied region. The second approach high-

lighted changes in species composition among surrounding

sites by projecting dissimilarity values among the nearest

sites on a geographical map (Vandergast et al., 2011; Keis

et al., 2013).

We show that unpartitioned and partitioned components

provide a comprehensive representation of faunal affinity

and its variation over space, thus facilitating identification of

the main evolutionary processes, colonization routes and fil-

tering mechanisms that eventually determine the observed

species assemblages. We have also developed and made avail-

able new R functions to facilitate some of these analyses,

because, as far as we know, there are no available scripts for

this purpose.

MATERIALS AND METHODS

Sites, data and dissimilarity indices

Presence data of Lepidoptera species were gathered from sev-

eral literature sources and from our own field studies carried

out between 1999 and 2013 throughout the study region (see
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Appendix S1 in Supporting Information). However, as for

most arthropod groups, comprehensive and detailed distri-

bution data were unavailable for many southern European

areas and for most parts of the Maghreb. Therefore, we

selected 81 sites with well-studied butterfly faunas compris-

ing data belonging to 28 small islands (entire island area

considered) and 53 sites of 25-km radius located in mainland

regions (41) and on larger islands (Corsica, 3; Sardinia, 3;

Sicily, 6) (see Appendix S1 and Fig. S1 in Appendix S2). To

be selected, all sites were required to have in their species

records at least four of five well-known migrant species (Pie-

ris brassicae, Pieris rapae, Colias crocea, Vanessa atalanta and

Vanessa cardui). These species are highly visible, occur

throughout Europe during the summer season, and records

for them can be used to establish a minimal surveying stan-

dard (Dapporto & Dennis, 2008). A total of 335 species had

been recorded across the study sites. Nomenclature largely

followed Kudrna et al. (2011).

To assess the importance of nestedness in determining the

faunal structure of our dataset, we conducted nestedness

analyses for island and mainland sites by calculating a nest-

edness measure based on overlap and decreasing fills

(NODF) and temperature metrics with the NeD software

(Strona et al., in press). In addition to the absolute values of

NODF and temperature, we also computed the respective

standardized effect sizes as z-values based on 1000 simulated

null matrices. Null matrices were constructed using the ‘pro-

portional row and column total’ algorithm, which is consid-

ered to be the most biologically realistic (Bascompte et al.,

2003).

We considered the Sørensen index of overall (unparti-

tioned) dissimilarity (bsor) and its two additive components:

bsimp, which expresses species replacement among sites, and

bnest, which is a nestedness index (Baselga, 2010). The ratio

between bnest and bsor can also provide information about

the contributions of ecological and historical drivers to the

observed diversity patterns (Dobrovolski et al., 2012).

Combination of cluster analysis

and multidimensional scaling

We visualized patterns of biogeographical regionalization by

combining UPGMA cluster analyses and NMDS. UPGMA is

considered to be the best method of producing trees for bio-

geographical analyses (Kreft & Jetz, 2010; Holt et al., 2013).

However, if there are tied values, the tree topology and boot-

strap supports may be affected by the order of the sites in

the original presence–absence matrix; thus we used the

‘recluster’ R package to reshuffle row order and create con-

sensus trees (Dapporto et al., 2013). We computed 10 levels

of multiscale bootstrapping using from 1- to 10-fold the

number of species in the original data frame. Subsequently,

we verified which level showed the best separation into a

high and low series of support for nodes, and used this

categorization to indicate nodes with strong or weak support

(Dapporto et al., 2013; Appendix S3). To identify the best

division of a tree into branches that defined separate zoogeo-

graphical groups of sites, we wrote an R function that allows

a direct comparison of all the possible subdivisions of a

given tree, providing a measure of their ‘explained dissimi-

larity’ (sensu Holt et al., 2013) and illustrating cluster mem-

bership for each site (Appendix S3). As the best

compromise, Holt et al. (2013) suggested using the minimal

division explaining at least 90% of dissimilarity, and we

adopted this threshold in our analyses.

As discussed in Kreft & Jetz (2010) and Holt et al. (2013),

in addition to cluster analysis we used NMDS as a robust

nonparametric procedure to project the dissimilarity matrices

into a two-dimensional space. We attributed RGB (red,

green, blue) colours to each site according to its position

within the space defined by the first two NMDS axes. The

axis with the highest variance was standardized between 0

and 1, and the second axis was rescaled according to the first

one. Subsequently, the colours blue, green, yellow and red

were assigned to the four corners. Finally, the contribution

of each RGB colour to each site was calculated based on its

position in the two-dimensional graph. We wrote a function

for this analysis and have included it in the ‘recluster’ R

package (Appendix S3). In order to maximize the similarity

in colour pattern among indices without altering the relative

distribution of points, we applied a procrustes analysis to

the configuration of the three indices before projecting

them into the RGB space (Appendix S3). The points belong-

ing to each cluster identified by 90% of the explained dissim-

ilarity were condensed into single points in the NMDS

representation as centroids for clustered sites (Kreft & Jetz,

2010). The representative colours for such centroids were

recomputed. Points with their centroid colour were plotted

on the geographical map to show the overall biogeographical

pattern.

Interpolation of dissimilarity values

Combining cluster analysis and NMDS provides patterns of

regionalization, but grouping sites into larger units prevents

the identification of particular areas of continuity and dis-

continuity. We therefore carried out an analysis to plot and

interpolate on the map the distances between neighbouring

sites for the three indices and for the bnest/bsor ratio. To do

this, we combined the methods used by Vandergast et al.

(2011) and Keis et al. (2013). We calculated a Delaunay tri-

angulation among GPS coordinates for the study sites

(Appendix S3). For each index, the dissimilarity value corre-

sponding to the distance between the sites was attributed to

the mid-point of each segment connecting two sites. Because

segments have different lengths, and faunal dissimilarities

tend to increase with distance following an asymptotic trend

(Borcard et al., 2011), we computed residuals of asymptotic

regressions between dissimilarities and geographical distances

using the R scripts provided by Keis et al. (2013). Finally, we

interpolated the values of the mid-points with the inverse

distance weighting algorithm provided by QGIS (http://www.
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qgis.org/en/site/). The scripts for statistical analyses

performed with R and the original data matrix are available

in Appendices S1 and S3.

RESULTS

Nestedness pattern

Nestedness analyses revealed that both island and mainland

assemblages were nested, but temperature was lower (and

hence nestedness higher) for island sites (matrix size: 124 940,

fill: 29%; NODF = 67.653, z = 28.874, P < 0.001; tempera-

ture = 12.820, z = –20.119, P < 0.001) than for mainland sites

(matrix size: 319 9 41, fill: 37.9%; NODF = 59.972,

z = 24.631, P < 0.001; temperature = 25.190, z = –30.144,

P < 0.001). When sites were classified as mainland or island

and then ordered according to their species richness, island

assemblages were shown to be poorer than mainland

assemblages, except for the Sicilian assemblages (Fig. S2 in

Appendix S2).

Cluster analysis, NMDS ordination and RGB colour

space

A consensus analysis revealed that bsor UPGMA trees were

not affected by row order because no nodes were collapsed

(Fig. 1a, and Fig. S3 in Appendix S2). Support from multi-

scale bootstrap analysis increased with the number of species

included in the resampled matrices (Fig. 1b). The 29 solu-

tion showed the highest power in separating nodes into two

groups (Fig. 1a). The first resulting node identified two

highly supported clusters: the first cluster grouped most

island assemblages, thus confirming the aggregation rule,

while the second cluster was composed of almost all the

mainland assemblages plus the Sicilian assemblage (Fig. 1a).

Because of this strong aggregation of sites into two main

groups, we analysed the subdivision explaining at least 90%

of the dissimilarity separately for the two subtrees. In the

case of the island cluster, the sites were in turn aggregated

into seven clusters (five of which had low support), mainly

as a result of differences in richness. Although some spatial

Ap S F+A+P I M I cS cS+sI+T B+cSa T+L T C+Sa sI+T

-5  0  5 10 15

34
36

38
40

42
44

46

Longitude

La
tit

ud
e

2 4 6 8 10

0
20

40
60

80
10

0

Step

S
up

po
rt

0.0 0.2 0.4 0.6 0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Axis 1

A
xi

s 
2

N
250 km

0.0 0.2 0.4 0.6 0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Axis 1

A
xi

s
2

Ap S
F+A+P

I

M

I

cS

cS+sI+T

B+cSa

T+L
T

C+Sa

sI+T

Mainland + Sicily Islands

(a)

(b) (c) (d)

(e)

Figure 1 Combined analysis of the

presence and absence of butterfly species in
the western Mediterranean using UPGMA

clustering and non-metric multidimensional
scaling (NMDS) for the Sørensen index

(bsor). (a) The consensus UPGMA tree for
bsor with the selected thresholds, which

resulted in two clusters: mainland sites +
Sicily and the rest of islands grouped

together. (b) Supports for nodes were
obtained with multiscale bootstrap analysis

and highly (black) and weakly (red)
supported nodes were identified together

with mean values. Highly and weakly
supported nodes are indicated with circles

in (a) by using the same black and red
colours. (c) NMDS in RGB colour space for

the sites, and (d) mean locations and
colours for clusters according to the

subdivision of the tree. (e) Finally, the
colours obtained in (d) were attributed to

all the sites in each cluster and the sites
plotted on a map. The same tree with labels

identifying each site can be found in Fig. S3
in Appendix S2. Abbreviations for the site

groups are as follows: A, Alps; Ap,
Apennines; F, France; P, Pyrenees; I, Iberia;

M, Maghreb; Sa, Sardinia; C, Corsica; cSa,
circum-Sardinian islands; S, Sicily; cS,

circum-Sicilian; L, the Levant island;
T, Tuscan islands; B, Balearics; sI, southern

Italian.
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structures could be seen with the identification of groups

composed of circum-Sicilian and Sardo-Corsican sites, some

inconsistencies occurred, for example the link between small

circum-Sardinian islands (completely sourced by Sardinia)

and the Balearics (Fig. 1a). In the mainland–Sicily subtree,

the six identified clusters corresponded with well-recognized

biogeographical units (Fig. 1a). A major aggregation identi-

fied a cluster comprising the Maghreb and southern Iberia;

although this cluster was weakly supported by the bootstrap

analysis, each of the individual areas was strongly supported.

The rest formed another cluster that was in turn divided into

two strongly supported groups of sites, corresponding to Sic-

ily and the Apennines, and two weakly supported groups,

corresponding to central Iberia and the Alps plus the Pyre-

nees (Fig. 1a).

NMDS with bsor confirmed that island sites tended to

cluster separately from the mainland sites, and the first axis

was highly determined by a gradient in richness (Fig. 1c).

The second axis was presumably characterized by the

turnover because it separated the two broad areas of

Sardinia–Corsica and the Maghreb, which have a high

number of endemics. The mean colours for the 13 groups

identified by hierarchical clustering were computed (Fig. 1d)

and plotted on a map. Because of their low richness, all the

islands (except Sicily) were separated from the mainland sites

by the first NMDS axis. This resulted in similar greenish–cyan

colours for the islands, contrasting with the red–purple–blue

colours characterizing the mainland sites (Fig. 1e).

The bnest UPGMA trees were also unaffected by row order

because only a few terminal nodes were collapsed in the con-

sensus analysis (Fig. 2a, and Fig. S4 in Appendix S2). The

fifth step of the multiscale bootstrap analysis showed the

highest power in separating nodes into highly and poorly

supported categories (Fig. 2b). As expected, the pattern was

highly dominated by species richness. The tree subdivision

explaining at least 90% of the dissimilarity identified five

clusters. The first cluster was highly supported and com-

prised only the poorest island of Montecristo, while all the

other small islands were included in the second cluster, also

highly supported. The third cluster, highly supported,
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Figure 2 Combined analysis of the
presence and absence of butterfly species in

the western Mediterranean using UPGMA
clustering and non-metric multidimensional

scaling (NMDS) for the nestedness
component (bnest). (a) The consensus

UPGMA tree for bnest showing the
thresholds selected to define the clusters,

which explained 94% of the bnest
dissimilarity for mainland sites and divided

the tree into five clusters. (b) Supports for
nodes were obtained with multiscale

bootstrap analysis and highly (black) and
weakly (red) supported nodes were

identified together with mean values. Highly
and weakly supported nodes are indicated

with circles in (a) by using the same black
and red colours. (c) NMDS in RGB colour

space for the sites, and (d) identification of
the mean locations and colours for clusters

according to the subdivision of the tree. (e)
Finally, the colours obtained in (d) were

attributed to all the sites of each cluster and
the sites plotted on a map. The same tree

with identifying labels for each site can be
found in Fig. S4 in Appendix S2.

Abbreviations for the site groups are as
follows: A, Alps; Ap, Apennines; F, France;

P, Pyrenees; I, Iberia; M, Maghreb; Sa,
Sardinia; C, Corsica; cSa, circum-Sardinian

islands; S, Sicily; cS, circum-Sicilian; L, the
Levant; T, Tuscan islands; B, Balearics; sI,

southern Italian.

Journal of Biogeography
ª 2014 John Wiley & Sons Ltd

5

Combining turnover and unpartitioned faunal dissimilarity



included the largest islands but also excluded five out of six

sites on Sicily and included two sites from the Maghreb. The

fourth cluster was weakly supported and grouped most of

the sites from the Maghreb, Sicily, southern Iberia and the

Apennines, while most of the richest Alpine and Pyrenean

sites were included in the fifth, poorly supported, cluster

(Fig. 2a). The NMDS pattern revealed a rather semi-circular

structure with an order almost completely determined by

richness (Fig. 2c). When the mean colours for the five

groups identified by hierarchical clustering were plotted on a

map (Fig. 2d), the contrast between islands and mainland

sites was less clear. This was also suggested by the UPGMA

topology and by some sites in the Maghreb and Sicily that

showed the same colour as Sardo-Corsican sites (Fig. 2e).

The bsimp trees were highly sensitive to row order because

of the large occurrence of zero values. Accordingly, several

nodes were collapsed in the consensus tree (Fig. 3a, and Fig.

S5 in Appendix S2). Support for some nodes increased sub-

stantially with multiscale bootstrapping (Fig. 3b). This was

an expected result for bsimp, where a few key species provide

a disproportionate contribution to the index values. The step

using 109 the original number of species revealed the best

separation into highly and poorly supported nodes (Fig. 3b).

The threshold for a minimum number of clusters explaining

at least 90% of the dissimilarity identified eight groups

(Fig. 3a). In contrast with the results obtained with bsor and
bnest, small islands clustered with mainland sites in a highly

coherent pattern (Fig. 3a). The Balearics clustered with

southern Iberia in a cluster that also comprised Pantelleria.

The Levant island, Tuscan islands near the Italian peninsula

and other circum-Italian islands clustered with the Pyrenees–

Alps–Apennines group. Lampedusa clustered with the

Maghreb, and the circum-Sicilian islands were grouped with

Sicily. The NMDS confirmed a polarization between the

Alps–Pyrenees and the Maghreb along the first axis, whereas

differences among the Sardo-Corsican islands and the Mag-

hreb encompassed most of the variation along the second

axis (Fig. 3c). Central and southern Iberian sites were located

at an intermediate position between the Alps–Pyrenees–

Apennines and the Maghreb. When RGB colours for mean
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Figure 3 Combined analysis of the

presence and absence of butterfly species in
the western Mediterranean using UPGMA

clustering and non-metric multidimensional
scaling (NMDS) for the Simpson index

(bsimp). (a) The consensus UPGMA tree for
bsimp showing the thresholds selected to

define the clusters, which explained 97% of
the bsimp dissimilarity for mainland sites

and divided the tree into eight clusters. (b)
Supports for nodes were obtained with

multiscale bootstrap analysis and highly
(black) and weakly (red) supported nodes

were identified together with mean values.
Highly and weakly supported nodes are

indicated with circles in (a) by using the
same black and red colours. (c) NMDS in

RGB colour space for the sites, (d) and
identification of the mean locations and

colours for clusters according to the
subdivision of the tree. (e) Finally, the

colours obtained in (d) were attributed to
all the sites of each cluster and the sites

plotted on a map. The same tree with labels
identifying each site can be found in Fig. S5

in Appendix S2. Abbreviations for the site
groups are as follows: A, Alps; Ap,

Apennines; F, France; P, Pyrenees; I, Iberia;
M, Maghreb; Sa, Sardinia; C, Corsica; cSa,

circum-Sardinian islands; S, Sicily; cS,
circum-Sicilian; L, the Levant; T, Tuscan

islands; B, Balearics; sI, southern Italian.
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cluster membership (Fig. 3d) were plotted on the map, a col-

our gradient from the Maghreb to Iberia, Sicily, the Pyre-

nees, the Apennines and the Alps was evident (Fig. 3e).

Interpolation of dissimilarity values

For both bsor and bsimp, the asymptotic regression found a

significant series of parameters to describe relationships

between geographical distances and faunal dissimilarity val-

ues, but it failed to do so with bnest and bnest/bsor. The

absence of a spatial trend for these indices was probably

because of their high dependence on richness, which was

mostly explained by island attributes (area and isolation)

rather than by geographical location. We then used residuals

for bsor and bsimp and crude dissimilarity values for bnest and
bnest/bsor. Projection of dissimilarity values over the Delaunay

triangulation (Fig. S6) and their interpolation for bsor
(Fig. 4a) revealed a belt of high dissimilarity values between

mainland and island sites but, as suggested by the cluster

analysis, Sicily did not show such a strong contrast with

respect to Italy. The Maghreb showed a strong contrast with

respect to Sicily and a moderate dissimilarity compared with

southern Iberia. Plotting partitioned components separately

revealed that the main bsor pattern separating islands from

mainland sites had different meanings in different regions.

Dissimilarity patterns separating the Balearics from Iberia

and the Maghreb, the Tuscan islands from Corsica, and the

circum-Sicilian islands from Sicily, respectively, appeared to

be mostly generated by the nestedness component (Fig. 4b).

Conversely, the bsor dissimilarity around the Sardo-Corsican

block with respect to all sites except the Tuscan archipelago,

as well as that separating the Maghreb from southern Eur-

ope, was mainly the result of the turnover component

(Fig. 4c). As expected, mainland sites showed much weaker

dissimilarity discontinuities. The bnest/bsor index had low val-

ues for mainland sites, indicating a strong contribution of

turnover in determining variations in bsor values among

mainland sites. The bnest/bsor ratio was much higher between

islands and mainland sites where the nestedness component

prevailed. There were, however, important exceptions for

some sea areas: (1) the sea belt around Sardinia and Corsica,

apart from the area of the Tuscan islands; (2) the sea chan-

nel separating Sicily from the Maghreb; and (3) the Gibraltar

strait. The Balearics revealed a very interesting pattern, show-

ing almost no effect of turnover with respect to both Iberia

and the Maghreb (Fig. 4d).

DISCUSSION

We have shown that richness effects on unpartitioned bsor
vary largely according to the geographical characteristics of

the areas (e.g. mainland versus islands). Because of the highly

nested pattern of our dataset, differences in richness were

expressed almost completely by the nestedness component.

In Table 1 we summarize some examples of ecological, geo-

graphical/historical and other complex factors determining

nestedness and turnover components. All these factors may

contribute to the overall dissimilarity patterns and, in theory,

one may decide to consider all of them simultaneously by

using unpartitioned indices (Mouillot et al., 2013). However,

this will mix the different contributions of nestedness and

turnover within the overall pattern. It is well known that

island and mainland assemblages may be influenced by dif-

ferent factors. For example, sea straits, interrupting the habi-

tat continuum and applying a strong differential filtering to

dispersal, determine strong nestedness contrasts in island–

mainland pairs (Stuart et al., 2012). This is particularly evi-

dent where island populations are small and/or maintain

some gene flow with the neighbouring mainland, so that the

emergence of turnover through the evolution of new taxa is

hampered (Whittaker & Fern�andez-Palacios, 2007). The wes-

tern Mediterranean islands are mostly of this type and, there-

fore, apart from the Sardo-Corsican group, a strong

influence of the nestedness component on the island–main-

land dissimilarity patterns can be seen in the study area

(Fig. 4d). However, ecological filtering is not the only phe-

nomenon contributing to the identification of islands with

the bsor dissimilarity. Nestedness alone tended to group most

of the medium and large islands with mainland sites. This

suggests that western Mediterranean island faunas cannot be

characterized simply by a shared and ordered impoverish-

ment of their species assemblages.

The aggregation rule and its value in distinguishing

island dynamics

Any a priori dichotomy distinguishing islands and mainland

is subjective and simplistic. Some islands (usually the largest

ones) show a faunal composition that is very similar to that

of their neighbouring mainland, while some mainland

patches of particular habitats (e.g. mountain peaks and wet-

lands) may have insular characteristics (Whittaker & Fern�an-

dez-Palacios, 2007). We found that bsor grouped together,

with strong support, all island sites except for Sicily, thus

confirming the tendency of this index to produce island

aggregation (Fig. 1). However, a shared faunal impoverish-

ment on islands, as expressed by the bnest component, is not

sufficient to explain the aggregation rule. The dissimilarity

interpolation demonstrated that the belt of high bsor values

around islands can be generated locally by high values for

either the bnest or bsimp component. The turnover compo-

nent in western Mediterranean butterflies has a complex ori-

gin. Whereas endemism tends to be generally low and mostly

concentrated in the Sardo-Corsican area, there are several

species that have higher incidence on islands than on the

nearest mainland (e.g. Pontia daplidice, Polyommatus celina,

Aricia cramera, Argynnis pandora, Coenonympha lyllus and

several Hipparchia taxa), probably representing relict occur-

rences from past wider distributions (Dapporto & Dennis,

2008; Dinc�a et al., 2011; Dapporto et al., 2012; Sa~nudo-Rest-

repo et al., 2013). As a result, these distributions produce an

aggregation of islands in the bsor analyses, reducing their
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(a)

(b)

(c)

(d)

Figure 4 Inverse distance weighting

interpolations of dissimilarity for the (a)
Sørensen index (bsor), (b) nestedness index
(bnest), (c) Simpson index (bsimp) and (d)
bnest/bsor ratio. A red colour indicates a

high dissimilarity for bsor, bsimp and bnest.
bnest/bsor values higher than 0.5 (red)

indicate the predominance of bnest in
determining the overall bsor dissimilarity,

while values below 0.5 (green) indicate a
primacy of bsimp. Values for bsor and bsimp

represent residuals from a significant
asymptotic dissimilarity–distance regression.

No significant relationship was found for
bnest and the bnest/ bsor ratio; the
interpolations were carried out on

untransformed data.

Journal of Biogeography
ª 2014 John Wiley & Sons Ltd

8

L. Dapporto et al.



similarity with respect to the mainland source sites. We can

thus confirm that, in spite of the common belief that dissim-

ilarity patterns of unpartitioned indices have minor biogeo-

graphical value (e.g. Baselga, 2010; Kreft & Jetz, 2010; Holt

et al., 2013), the basal partition for bsor may identify which

assemblages are constrained by ecological factors (such as

isolation and limited resources) and characterized by com-

mon historical factors (that determined the occurrence of

endemic and relict species). As a corollary, the aggregation

rule revealed which mainland sites showed insular dynamics

(such as Monte Argentario, a fossil island recently connected

to the Italian peninsula by three stretches of sand) and which

insular sites showed typical mainland assemblages (such as

Sicily, the largest Mediterranean island, separated from the

Italian peninsula by a narrow strait of 3 km and character-

ized by a high environmental heterogeneity that can offer

suitable habitats to most mainland species).

Nestedness and turnover patterns within mainland

areas

The recognition of typical mainland and island units was

only the first piece of information provided by bsor. The bsor
tree identified six clusters that almost perfectly corresponded

with broad geographical mainland sites: the Maghreb, central

Iberia, southern Iberia, the Alps and Pyrenees, the Apen-

nines, and Sicily. At a local scale, the turnover component

among mainland areas was much more influential than nest-

edness, as revealed by the low bnest/bsor patterns in the inter-

polation analyses (Fig. 4d). Nevertheless, nestedness largely

influenced the regional pattern. This was revealed by the

polarization of areas along the first NMDS axis, clearly

reflecting a richness gradient (Fig. 2c). Such inconsistencies

between regionalization and interpolation results can be

explained by the geographical setting of the study area.

Because of the absence of strong barriers between mainland

sites, species replacement was fairly equally distributed over

all the continental regions, with only two main areas of turn-

over corresponding to important geographical discontinu-

ities: the sea channel separating the Maghreb from Sicily,

and the Gibraltar strait, separating the Maghreb from Iberia.

The regionalization pattern obtained for the Italian region

seemed to be largely the result of nestedness, and the bsimp

index did not reveal a differentiation among most mainland

sites from the Pyrenees to Sicily (as shown, for example, by a

cluster including two Alpine areas and the Tyrrhenian island

of Ponza). Although Sicily was identified as a distinct main-

land site for both bsor and bsimp, only two endemic butterfly

taxa occur on this island (Hipparchia blachieri and Melanar-

gia pherusa); two other species occurring on Sicily (Spialia

orbifer and Anthocharis damone) have probably originated

from the eastern Mediterranean because they are virtually

absent from the western European mainland. Conversely,

there are 14 species occurring at the southernmost tip of the

Italian peninsula that are absent from Sicily (Appendix S1).

Similarly, dozens of species occurring in the Alps and

the Pyrenees do not occur in southern Italy, whereas the

opposite rarely applies. There is therefore evidence that the

clusters highlighted by bsor from the Pyrenees to Sicily

mostly describe an ordered gradient of impoverishment in a

sort of peninsular effect or latitudinal gradient, as has been

shown previously for the Iberian Lepidoptera (Martin &

Gurrea, 1990).

Nevertheless, marked peninsular effects and nested pat-

terns are not sufficient to explain the biogeography of butter-

flies from southern and central Iberia. Indeed, in both bsor
and bsimp NMDS analyses, these areas appeared to be clearly

intermediate between Europe and the Maghreb, and the UP-

GMA clustered southern Iberia with the Maghreb for both

indices (although the southern Iberia–Maghreb group

received low support, as expected for a transitional area).

This indicates that the latitudinal and/or peninsular effects

are overshadowed by other phenomena. In central and

southern Iberia there is a high frequency of endemic and rel-

ict species, with the presence of 15 taxa that do not occur

elsewhere in the study region (Euchloe bazae, Lycaena bleusei,

Cupido carswelli, Kretania hesperica, Agriades zullichi,

Polyommatus fabressei, Polyommatus violetae, Polyommatus

fulgens, Polyommatus golgus, Polyommatus nivescens, Pseudo-

philotes panoptes, Aricia morronensis, Pseudochazara williamsi,

Erebia hispania and Erebia zapateri). On the other hand, only

six species occurring in the Sicily–Apennines region do not

occur in the rest of the study area (Spialia orbifer, Euchloe

ausonia, Anthocharis damone, Melanargia pherusa, Hipparchia

blachieri and Hipparchia neapolitana). These differences may

be explained by the physical geography of the two

Table 1 Factors responsible for the nested/richness and turnover components of dissimilarity.

Type of factors Main factors affecting nestedness and richness Main factors affecting turnover

Ecological Area; isolation; environmental variability Differences in species’ ecological requirements; factors

assisting dispersal (e.g. wind and sea current directions,

ecological corridors)

Historical/

geographical

Presence of refugial areas, barriers and other

geomorphological features regulating species numbers

(e.g. via species–area relationships, faunal exchanges)

Historical dynamics of faunas (e.g. post-glacial colonization);

distance to sources; evolution of endemics (e.g. via

allopatric speciation)

Complex Richness and composition of the nearest sources (in turn

determined by both historical and ecological factors)

Interactions among species at their distribution borders

limiting dispersal and stabilizing occupied areas (e.g. via

competition)
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peninsulas. The Iberian and Italian peninsulas may seem to

be similar because of the existence of large mountain chains

connecting them to the rest of the European mainland (the

Pyrenees and the Alps) and the presence of high peaks at

their southern Mediterranean margins (Sierra Nevada and

Mount Etna). However, the Apennines constitute a moun-

tainous corridor from the Alps to Sicily, hence facilitating

gene flow among butterfly populations along the Italian pen-

insula, whereas in the Iberian Peninsula the mountain chains

are generally longitudinally oriented, thus generating large

gaps that favour genetic isolation.

The final and perhaps most important factor determining

the observed pattern for central and southern Iberia is the

influence of North Africa, which is much stronger than for

the Apennines–Sicily. Central and southern Iberia host mar-

ginal populations of at least 18 species that are widespread in

the Maghreb but do not occur in the Alps and the Pyrenees,

whereas Sicily only hosts two, Melitaea aetherie and Poly-

ommatus celina, the former also occurring in the southern

Apennines.

Nestedness and turnover patterns for islands

The island–mainland pairs obtained with bsimp did not show

a particularly high dissimilarity, and a basal dichotomy sepa-

rating islands and mainland sites did not occur. In fact, bsimp

is specifically designed to represent the proportion of species

in the poorest areas that do not occur in the richest areas.

Thus, for any dissimilarity to occur, it is necessary for the

poorest area in the pair (usually the island in island–main-

land pairs) to have at least one species not occurring in the

richest one. In this respect, even a single species on a small

island can determine a high value of turnover dissimilarity.

Island endemics are by definition involved in turnover phe-

nomena, but in the western Mediterranean they are mostly

concentrated on the large and isolated islands of Sardinia

and Corsica, which have, in turn, acted as a source of en-

demics for their satellite islands. When the dominant effect

of nestedness was removed by using bsimp, small islands

showed biogeographical patterns consistent with their loca-

tion and recent geological history. All islands that had had

contact with neighbouring areas during the Pleistocene clus-

tered with their source mainland (Elba, Pianosa, Argentario,

Giglio, Capri and Ischia with the Apennines; Malta, Gozo

and Levanzo with Sicily; Lampedusa with the Maghreb). The

Balearics were shown to be more similar to southern Iberia

than to northern Iberia. The Tuscan islands of Montecristo

and Capraia were confirmed as hosting typically Corsican

faunas, although they were also close to Elba and Pianosa,

which are grouped with the Apennines.

Nevertheless, regionalization revealed by turnover alone

cannot fully reconstruct the colonization dynamics of islands.

The interpolation analyses revealed that the main pattern of

diversity obtained by bsor, i.e. the separation of islands from

mainland areas, had different explanations for different areas.

A comparison of Fig. 4a–c reveals that the bsor belt around

the Sardo-Corsican area is the result of turnover phenomena,

with the exception of a connection between Corsica and Tus-

cany through the Tuscan archipelago determined by nested-

ness. Conversely, the turnover UPGMA created a clear

separation between the Sardo-Corsican area versus most Tus-

can islands and the Tuscan mainland (Fig. 3e). However, a

closer inspection of the species distributions revealed that the

discontinuity revealed by the bsimp analysis was not fully jus-

tified. In fact, there are four Sardo-Corsican endemics

extending to the Tuscan islands (Plebejus bellieri, Lasiommata

paramegaera, Hipparchia aristaeus and Hipparchia neomiris)

and one (Coenonympha corinna) also extending to the Tus-

can mainland coast. There are also several mainland species

occurring with decreasing frequency from the Tuscan islands

to Sardinia. Accordingly, the interpolation analysis did not

reveal any strong discontinuity in turnover dissimilarity,

because the passage between typical Sardo-Corsican and Ital-

ian faunas is gradual, probably as a result of a bidirectional

filtering effect generated by stepping-stone phenomena (Dap-

porto & Cini, 2007). Similar phenomena seem to have

occurred on the Balearics, which showed no contrasting pat-

terns of turnover with respect to both Iberia and the Mag-

hreb, although these mainland sites themselves differ. In the

case of the Balearics, the observed pattern is mainly the

result of the presence of only a few species that are responsi-

ble for turnover. In the Balearics there are species (Polyom-

matus celina and Coenonympha lyllus) that also occur in

southern Iberia and the Maghreb but are absent from the

nearest areas of northern Iberia included in the study, such

as Montseny and Teruel. Only one species (Leptidea sinapis)

occurring on the Balearics and Spain is absent in the Mag-

hreb, while Gegenes pumilio does occur on the Balearics but

not in mainland Spain nor in any of the studied sites of the

Maghreb. This is an indication that stepping-stone and relic-

tuality phenomena are also operating on these islands.

CONCLUSIONS

There is a renewed debate about the meaning of partitioned

and non-partitioned dissimilarity indices (Baselga, 2010; Tu-

omisto, 2010; Ulrich & Almeida-Neto, 2012). We have

shown that such indices reveal complementary patterns and

that, taken together, they can explain comprehensively dis-

similarity patterns of insular and mainland sites. bsor is par-
ticularly efficient in recognizing areas shaped by insular or

mainland dynamics and in providing fundamental biogeo-

graphical information when applied to mainland areas (e.g.

the existence of latitudinal and peninsular effects), as a result

of a balanced contribution of the factors reported in Table 1

to assemblage composition. In contrast, this index was lar-

gely ineffective in recognizing regionalization between main-

land sources and islands. Indeed, when islands were

compared with mainland sites, unpartitioned indices tended

to be dominated by the nestedness pattern produced by vari-

ations in island area and isolation. On the other hand, bsimp

was effective in recovering island–mainland relationships but
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resulted in a low signal for mainland dissimilarities, thus

limiting the distinction among recognized regions (Dennis &

Schmitt, 2009).

Given the impossibility of identifying a single index as a

panacea to retrieve comprehensive biogeographical patterns

simultaneously for islands and mainland sites, we suggest

comparing and combining results obtained using both

unpartitioned and partitioned (nestedness and turnover)

indices by means of regionalization and dissimilarity interpo-

lation. It should also be noted that the discussion for differ-

ent indices must follow different rules. While bsor
dissimilarity is generated by any species differing between

two sites, the bsimp values are produced by a reduced subset

of taxa occurring in the poorest site and being absent in the

largest site. Thus, while bsor can be discussed by taking into

consideration faunas as a whole, in the case of bsimp even the

effect of a single species may be of importance.
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