
INTRODUCTION

Islands can be roughly classified into two main catego-
ries: “landbridge islands” and “oceanic islands” (MacAr-
thur, 1972; Whittaker, 1998). Landbridge islands are
those that were recently connected to the mainland, or
resulted from the fragmentation of larger landmasses:
thus the current biota did not have to cross sea barriers.
By contrast, oceanic islands emerged spontaneously as
individual islands and have never been connected to the
mainland, thus, their colonists must have crossed a water
gap. The equilibrium theory proposed by MacArthur &
Wilson (1967) stimulated interest in oceanic islands and
recently a general model was proposed that takes into
account island evolution through time (Whittaker et al.,
2008; Fattorini, 2009b). In contrast, landbridge islands
have attracted less attention and there is no comprehen-
sive theory on the evolution of their biotas, although it is
likely that the poorly mobile species in their faunas and
floras contain relict species that underwent a relaxation
process (Fattorini, 2002b, 2007b, 2008b, c, 2009a).

The Mediterranean Basin includes a large number of
landbridge islands, which were connected to the mainland
or adjacent larger islands during the last glaciation (e.g.,
most of the Aegean, Dalmatian and small islands around
Corsica and Sardinia), or which originated from the frag-
mentation of previous mainland areas (the Balearic
Islands, Corsica, Sardinia and Cyprus). There are few
typical oceanic islands in the Mediterranean: examples
are some volcanic islands in the Aegean Sea and several
islands off Sicily.

The Tuscan Archipelago, a group of small islands in the
Tyrrhenian Sea (West Mediterranean), includes islands of
both kinds, because some islands were connected to the
mainland during Pleistocene regressions and others were

not. Furthermore, because they are located between the
Corsardinian plate (Corsica plus Sardinia) and Tuscany
region (Central Italy), the expectation is that the fauna of
the Tuscan Islands is transitional. Thus, this small archi-
pelago is particularly complex from a biogeographical
point of view.

The biogeography of the Tuscan Archipelago has been
studied over a long period and the major ecological and
historical factors that are potentially responsible for pre-
sent day distributional patterns have been highlighted,
making this archipelago one of the best investigated in the
Mediterranean Basin (e.g., Baroni Urbani, 1971; Società
Italiana di Biogeografia, 1974; Mariotti, 1990; Piantelli et
al., 1990; Dapporto & Cini, 2007; Dapporto & Strumia,
2008; Dapporto et al., 2007; Fattorini, 2009a).

The consensus is that paleogeography is a key factor in
determining the distribution of plants and animals on this
archipelago (see references in Mariotti, 1990 and in Dap-
porto & Cini, 2007). According to this view, islands
which were connected to Tuscany during Pleistocene gla-
cial maxima are characterized by a preponderance of spe-
cies that reached the Tuscan Islands from the Italian
mainland, whereas islands closer to Corsardinia, but
which remained isolated during Pleistocene glacial
maxima, exhibit a larger proportion of species present in
Corsica and/or Sardinia but absent from Tuscany. In fact,
recent studies indicate that, at least for highly mobile ani-
mals such as chrysidids and butterflies, the transitional
pattern can be simply explained by current geography
alone (Dapporto & Cini, 2007; Dapporto & Strumia,
2008), thus supporting a model similar to that proposed
for oceanic islands, although even for the current but-
terfly fauna there is some indication of a Pleistocene
effect (Fattorini, 2009a).
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Abstract. The tenebrionid fauna of the Tuscan Islands (Central Italy) is well known and is an ideal system for studying the role of
current and historical factors in determining the biogeographical patterns in a complex archipelago. Cluster analyses, species-area
relationships and Mantel tests were used to investigate the influence of current geography and Pleistocene connections with the
mainland on the structure of insular communities. Current biogeographical similarity patterns fit both Pleistocene and Recent geog-
raphy, but marked effects of Pleistocene geography appeared when the influence of Recent geography was removed. Thus, in con-
trast to more mobile insects, such as butterflies and chrysidids, tenebrionid colonization is likely to have occurred via land-bridges
when the islands were connected to the mainland in the Pleistocene. The relict distributions of organisms with poor mobility should
be of great concern to conservationists, because depletion of island populations cannot be balanced by new immigrations from main-
land populations. The continued influence of man on the Tuscan Islands has adversely affected the natural environment, however,
man made habitats may also be colonized and exploited by tenebrionids.
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According to the model postulated by Fattorini (2009a),
landbridge islands of the Tuscan Archipelago were
largely colonized (and possibly saturated) by different
animal groups during the Pleistocene sea regressions, fol-
lowed by extinctions as a result of area and hence habitat
loss. However, mobile animals can currently colonize
islands and erase the historical signal, thus determining a
negative correlation between species richness and dis-
tance from the nearest land mass as is observed for oce-
anic islands. By contrast, even small distances preclude
regular colonization of islands by less mobile groups, so
that there is no correlation between species richness and
distance for these animals. Thus, the role of dispersal
should be taken into account when studying the evolution
of the faunas of archipelagos that include landbridge
islands.

Tenebrionid beetles typically have poor powers of dis-
persal and are thus excellent organisms for studies on the
biogeography of a paleogeographically varied archipel-
ago. They are a highly diversified group in Mediterranean
coastal areas and a conspicuous component of the beetle
fauna in terms of species richness, abundance and bio-
mass, being particularly species-rich even on islands (Fat-
torini, 2008c). Because of their size small islands consist
mainly of coastal ecosystems, which are under severe
threat (Morey & Martínez-Taberner, 2000). Although
montane tenebrionid species occur on very large islands,
such as Sardinia, Corsica, Sicily, Crete, Euboea and
Cyprus, where there are high altitude biotopes, most of
the tenebrionid species inhabiting small islands are exclu-
sively or prevalently associated with meadows, Mediter-
ranean maquis or beach-dune ecosystems (Fattorini,
2002a, 2008a, c; Fattorini & Fowles, 2005). Thus, tene-
brionids are an important insect group in these severely
threatened ecosystems. Also, small islands host unique
assortments of species, sometimes including endemic taxa
(Fattorini, 2006d, 2007a, 2008c), usually represented by
small populations that are vulnerable to extinction (Fatto-
rini, 2008a, b).

Most of the tenebrionids inhabiting the Tuscan Islands
are flightless. These flightless species also occur in the
adjacent source areas (i.e., Corsardinia and Tuscany) or,
if endemic, belong to flightless genera. Therefore, flight-
lessness in these insects evolved before island coloniza-
tion, and it is not a consequence of living on islands.
Although flightlessness greatly reduces the beetles’
ability to cross water barriers, other dispersal mecha-
nisms, like rafting and water transport, may enable flight-
less tenebrionids to colonize oceanic islands (cf. Fattorini,
2002b). Therefore, the tenebrionids of the Tuscan Islands
may be an excellent model group for studying the role of
current and historical factors in determining the biogeo-
graphical patterns on an archipelago, which includes both
landbridge and oceanic islands.

The tenebrionids of the Tuscan Islands have been
investigated by naturalists for more than a century and all
of the major islands of this archipelago are well known
faunistically (cf. Gardini, 1976, 1979; Leo, 1998; Fatto-
rini & Leo, 2000; Lo Cascio et al., 2000). However, there

is no detailed study of the role of current and historical
factors responsible for determining the biogeographical
patterns. An analysis of the relative importance of current
and historical factors is particularly urgent because of the
concern over the conservation of the faunas of these
islands. The recent development of conservation biogeo-
graphy (Whittaker et al., 2005) stresses the importance of
considering biogeographical information when assessing
conservation priorities. Thus, understanding the processes
underlying the biogeographical patterns of tenebrionids
on the Tuscan Islands may serve as a case study for
addressing some general problems of biological conserva-
tion of relatively sedentary animals on landbridge archi-
pelagos.

The aims of this paper were to: (1) investigate the bio-
geographical relationships of the tenebrionid faunas of
the Tuscan Islands; (2) determine the relative importance
of current (Recent) and historical (Pleistocene) geography
in determining such patterns; (3) assess the mechanisms
that may explain the role of Recent and Pleistocene fac-
tors; and (4) discuss some of the implications for biodi-
versity conservation.

MATERIAL AND METHODS

Data sources
The islands studied included: Capraia, Gorgona, Montecristo,

Elba, Pianosa, Giglio, Giannutri and the fossil-island of Mt
Argentario (Dapporto & Cini, 2007).

A total of 65 taxa, 13 of which (20%) are endemic, are known
from these islands (Table 1). There are indications that various
insular populations of tenebrionid beetles described as subspe-
cies differ profoundly genetically (cf. Chatzimanolis et al.,
2003; Ferrer, 2008). The current taxonomic dividing line
between species and subspecies, as applied to the tenebrionids
of the Tuscan Islands, is arguably arbitrary, and the exclusion of
subspecies could result in a significant underestimate of
endemic island tenebrionid diversity (cf. Lewis et al., 1998; Fat-
torini, 2007a). This is particularly the case for several allopatric
populations of the genera Asida and Opatrum endemic to the
Tuscan Archipelago. Thus, I considered both species and sub-
species as “evolutionarily significant units” (Ryder, 1986; Sam-
ways, 1998) and include both categories in all analyses. For this
the “phylogenetic species concept” (Isaac & Purvis, 2004) is
used as the smallest diagnosable and/or monophyletic biological
entity. The validity of the endemic Asida luigionii insularis is
disputed and this taxon has been considered only in the analyses
regarding endemic taxa. 

To avoid the risk of including species introduced by man I
have excluded from all analyses cosmopolitan species strictly
associated with human food, such as Palorus subdepressus,
Gnatocerus cornutus, Alphitobius diaperinus and of the genera
Tenebrio and Tribolium. The native occurrence of the anthro-
pophilous species of the genus Blaps is doubtful. Although these
species are native to the Mediterranean area their occurrence on
individual islands may be a result of a recent introduction. Thus,
a second set of analyses were done excluding these doubtfully
native species.

Finally, analyses omitting widely distributed (W) species (i.e.,
species occurring in both Corsardinia and Tuscany, as well as
on the Tuscan Archipelago) were done on only the Sardo-
Corsican (SC) species (i.e., species occurring in both Corsar-
dinia and on the Tuscan Archipelago, but not in Tuscany) and
Tuscan (T) species (i.e., species occurring in both Tuscany and
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00100000EOdocnemis ruffoi osellai (Gardini, 1979)
00001000WXanthomus pallidus (Curtis, 1830)
00010111WNalassus assimilis (Küster, 1850)
10000100TNalassus planipennis (Küster, 1850)
00000100WNalassus dryadophilus (Mulsant, 1854)
00010000CProbaticus ebeninus ebeninus (Villa & Villa, 1838)
00010100WHelops caeruleus caeruleus (Linné, 1758)
01011110WCatomus rotundicollis (Guérin-Méneville, 1825)
00000100WAccanthopus velikensis (Piller & Mitterpacher, 1783)
00011000WTenebrio molitor Linné, 1758
00011000WTenebrio obscurus Fabricius, 1792
00100000TIphtiminus italicus italicus (Truqui, 1857)
00010000WAlphitobius diaperinus (Panzer, 1796)
00000100WPalorus subdepressus (Wollaston, 1864)
00010000WTribolium confusum (Jacquelin du Val, 1861)
00010100WTribolium castaneum (Herbst, 1797)
00010000WGnatocerus cornutus (Fabricius, 1798)
00010000WCrypticus gibbulus (Quensel, 1806)
00000100TPhaleria provincialis intermedia Schuster, 1930
00010100WPhaleria revellierii Mulsant & Rey, 1858
00010110TPhaleria bimaculata bimaculata (Linné, 1767)
01000000WCossyphus tauricus Steven, 1832
00011100WTrachyscelis aphodioides Latreille, 1809
00000100WAmmobius rufus (Lucas, 1846)
00001000WOpatrum sculpturatum s.l. Fairmaire, 1860
00000010EOpatrum sculpturatum caprariense Razzauti, 1919
00000001EOpatrum sculpturatum urgonense Razzauti, 1919
00100000EOpatrum sculpturatum ssp.?
00010000EOpatrum sculpturatum igiliense Razzauti, 1919
11000100EOpatrum sculpturatum ilvense Razzauti, 1919
00001111WGonocephalum rusticum (Olivier, 1811)
00000110WGonocephalum obscurum obscurum (Küster, 1849)
01000000WGonocephalum assimile (Küster, 1849)
00000100WGonocephalum granulatum nigrum (Küster, 1849)
10000000WAllophylax picipes picipes (Olivier, 1811)
00100000EColpotus strigosus oglasensis Gardini, 1976
00000100TColpotus strigosus strigosus (Costa, 1847)
11011111WPedinus meridianus Mulsant & Rey, 1853
00000100TPhylan abbreviatus italicus (Reitter, 1904)
01011100TDendarus lugens (Mulsant & Rey, 1854)
01111111WDendarus coarcticollis (Mulsant, 1854)
00011100WBlaps mucronata Latreille, 1804
00000110WBlaps lethifera lethifera Marsham, 1802
00011110WBlaps gibba Laporte de Castelnau, 1840
00011010WBlaps gigas (Linné, 1767)
00001100TPimelia bipunctata papii Canzoneri, 1963
10011110WScaurus striatus Fabricius, 1792
10001110WAkis bacarozzo (Schrank, 1786)
00000010CAsida longicollis Solier, 1836
00001000EAsida gestroi gardinii Lo Cascio, 2000
00000010EAsida gestroi capraiensis Gridelli, 1972
00000001EAsida gestroi tyrrhena Leoni, 1910
00100000EAsida gestroi gestroi Leoni, 1910
00010000EAsida luigionii doriae Leoni, 1910
11101100TAsida luigionii luigionii Leoni, 1910
10000000TAsida sabulosa sabulosa (Fuessly, 1775)
00110110CDichillus corsicus (Solier, 1838) complex
10000010TDichillus minutus (Solier, 1838)
00001101TStenosis intermedia intermedia (Solier, 1838)
00110100WStenosis angusticollis anugusticollis (Reiche, 1861)
10001101TStenosis brenthoides brenthoides (Rossi, 1790)
10011100WStenosis sardoa ardoini Canzoneri, 1970
00000110CStenosis sardoa sardoa (Küster, 1848)
10010100TTentyria italica Solier, 1835

Mt
Argentario

Gian-
nutri

Monte-
cristoGiglioPianosaElbaCapraiaGorgonaDistri-

bution

TABLE 1. Distribution of tenebrionid beetles on the Tuscan Islands. Although unnamed, Montecristo’s population of Opatrum sculpturatum is
considered to be different from other populations (cf. Gardini, 1976). Distribution: C – Corsardinian taxon, E – taxon endemic to Tuscan Islands,
T – Tuscan taxon, W – widespread taxon. Nomenclature follows Löbl & Smetana (2008).



on the Tuscan Archipelago but not in Corsardinia), as suggested
by Dapporto & Cini (2007), in order to highlight the source
areas (Tuscany or Corsardinia, respectively). For this analysis,
the two endemic subspecies of Asida luigionii (which is a T spe-
cies) were combined in order to highlight their obvious origin
from a Tuscan species.

Recent and paleogeographical data about island isolation and
areas are the same as in Dapporto & Cini (2007), with slight
changes to the values of the Pleistocene areas of Pianosa, Elba,
Giannutri and Mt Argentario. For the peninsula present in the
Pleistocene, which connected Elba and Pianosa to the mainland,
Dapporto & Cini (2007) calculated a total area of 1700 km2, and
then used this value for all islands that were connected to the
mainland. Since an identical value of 1700 km2 for all these
islands is not realistic, the Pleistocene peninsula was divided
into two sectors using minimum linear widths as an indication
of highest impediment to faunal interchange between different
portions of the peninsula, which yielded a value of about 1250
km2 for Pleistocene Elba and 450 km2 for Pleistocene Pianosa.
Using a similar procedure, an area of about 450 km2 was calcu-
lated for Giannutri and Mt Argentario.

Role of Recent and Pleistocene factors in determining spe-
cies richness

Species richness was correlated with Recent and Pleistocene
factors using a Spearman rank correlation (Dapporto & Cini,
2007). If paleogeography determined species richness in the
Tuscan Archipelago, then Pianosa (which in the Pleistocene was
connected to Elba and Tuscany) should have more species than
all the other islands (except Elba) (Dapporto et al., 2007). In
fact, this hypothesis is not well formulated, because the Pleisto-
cene richness of Pianosa should have decreased when it became
an island and was reduced in size. Thus, if paleogeography
favoured island colonization and species accumulation, and its
influence is not erased by the effect of current factors, Pianosa
should not have a larger number of species than the other
islands, but a larger number of species than predicted by its cur-
rent area. To obtain the expected number of species for Pianosa
a species-area relationship (SAR) using a power function (S =
CAz, where S is the number of species, A is area, and C and z are
fitting parameters) with a non-linear fitting procedure (quasi-
Newton algorithm) was used (Fattorini, 2006c). If colonization
occurred via a land-bridge, Pianosa, as well as the other islands
connected to Tuscany, should have more species than predicted
by this function (i.e., positive residuals; Fattorini, 2006b) as a
consequence of their larger area and greater accessibility during
the Pleistocene. Calculations were done using STATISTICA
software (version 6) (Statsoft, 2001).

Biogeographical relationships among islands
The Jaccard coefficient and cluster analysis with UPGMA

were used to obtain a representation of the biogeographical
similarities of the islands (Fattorini, 2002a; Fattorini & Fowles,
2005; Dapporto et al., 2007). A common problem with cluster
analysis is that it is not independent of how the data is grouped.
The UPGMA amalgamation rule minimizes the distortion of the
original data matrix and is therefore particularly favoured in
biogeographical studies (cf. Fattorini, 2009a). In addition to
UPGMA an alternative method of grouping, a single-linkage
algorithm, was applied. This is a space-contracting strategy that
reveals only the most discrete variation among entities (i.e., dis-
junct clusters). Thus, the results from UPGMA clustering can be
compared with those obtained from single-linkage to explore
whether the data exhibits a discrete or continuous structure
(McGarigal et al., 2000).

If affected by Recent geography, Pianosa and Montecristo
should have a transitional fauna and be less biogeographically
similar to the other islands, and have a very isolated position in
the cluster analysis, especially when a single-linkage fusion is
used. In contrast, if affected more by Pleistocene geography,
Pianosa and Montecristo should be biogeographically more
similar to Tuscany and other islands connected to Tuscany in
the past (Dapporto et al., 2007; Fattorini, 2009a). Cluster
analyses were done using STATISTICA software (version 6)
(Statsoft, 2001).

Role of Recent and Pleistocene factors in determining
biogeographical patterns

To determine the effect of current and historical factors on
biogeographical patterns Mantel tests were applied to matrices
of biogeographical distances (i.e., Jaccard dissimilarities)
between islands and the following island characteristics: (1)
Recent inter-island isolation; (2) Pleistocene inter-island isola-
tion; (3) Recent isolation from Corsica and Tuscany; (4) Pleisto-
cene isolation from Corsica and Tuscany; (5) Recent ecological
distances between islands; and (6) Pleistocene ecological dis-
tances between islands. Recent and Pleistocene inter-island iso-
lations were measured as minimal sums of distances across the
sea between islands, while Recent and Pleistocene isolations
from Corsica and Tuscany were measured as Euclidean dis-
tances between islands based on the minimal sums of distances
across the sea from Tuscany and Corsica-Sardinia; finally eco-
logical distances were measured as Euclidean distances between
islands based on measures of area and isolation standardized to
Z-scores (see Dapporto & Cini, 2007, and Fattorini, 2009a for
details). Matrices of explanatory variables that were signifi-
cantly correlated to matrices of biogeographical distances by
simple Mantel tests were used as third matrices in partial Mantel
tests.

Although the use of Mantel tests has been questioned because
it is difficult to express overall geographical and historical rela-
tionships among areas by simply using geographical distances
or a dissimilarity coefficient (Fattorini, 2006a), more complex
methods are not appropriate for the Tuscan Islands because of
the small number of islands and variables involved.

Mantel and partial Mantel tests using Spearman rank correla-
tion (rs) were used in order to avoid problems associated with
non-linear relationships. For each correlation, probability values
were assessed using one-tailed tests with P < 0.05 from 1,000
randomizations. Calculations were done using XLSTAT soft-
ware version 2008.3.02 (Addinsoft, 2008).

Although many tests were done, in accordance with the sug-
gestions of Moran (2003), I did not apply the Bonferroni correc-
tion, but focused on P-values and consistence of results.

RESULTS

Faunal composition
For C and T species some characteristic patterns are

apparent. Stenosis angusticollis, Dichillus corsicus com-
plex and Asida longicollis are typically Corsardinian spe-
cies (Fig. 1a–c), whereas Asida luigionii, Colpotus
strigosus and Nalassus planipennis are typically Italian
species (Fig. 2b–d). Finally, the peculiar distribution of
Opatrum sculpturatum stretches from Mediterranean
France to Tuscany and includes Northern Corsica (Fig.
2a). No T taxa are known among the tenebrionids of
Montecristo. However, this island has two endemic sub-
species (Asida luigionii insularis, which also occurs on
other Tuscan Islands, and Colpotus strigosus oglasensis,
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which occurs only on this island, Fig. 1c) which are
related to species occurring in Tuscany but not Sardinia
or Corsica. If these subspecies are included among the T
taxa, Montecristo has a markedly Tuscan fauna, as
expected if the Pleistocene effect is dominant.

Some tenebrionid taxa are represented by populations
endemic to individual islands or to groups of a few
islands, such as Asida luigionii (with two subspecies,
doriae and insularis) (Fig. 2b), the endemic A. gestroi
(with the subspecies gestroi, tyrrhena, caprariensis,
lanzai and gardinii), and Opatrum sculpturatum (with the
endemic subspecies ilvense, urgonense, caprariense and
igiliense) (Fig. 1a). However, out of the 13 tenebrionids
endemic to the Tuscan Islands, only one (Asida gestroi) is
a species and the others are subspecies, which suggests
recent isolation.
Role of Recent and Pleistocene factors in determining
species richness

Tenebrionid species richness is positively correlated
with Recent island area (rs = 0.755, P = 0.03 for all native
species and even when anthropophilous species are
excluded from the analysis; rs = 0.918, P = 0.001 for CT
species).

Using a power function to model SARs, Recent island
area explained a high proportion of the variance (S =
6.910A0.278, R2 = 0.673 for all native species; S =
6.177A0.282, R2 = 0.749 for the data set with anthropophi-

lous species excluded; and S = 1.838A0.371, R2 = 0.928 for
CT species). Analysis of residuals showed that Pianosa
and Giglio had the largest values in all SARs (about 6
species for Pianosa and 5 for Giglio for all native species;
4 and 3 species respectively for the reduced data set with
anthropophilous species excluded; and 2 and 1 species
respectively for CT species).

Using Pleistocene areas, SARs gave a poor fit to the
data in all cases (S = 5.932A0.194, R2 = 0.260 for all native
species; S = 5.160A0.201, R2 = 0.308 for the reduced data
set with anthropophilous species excluded; and S =
1.138A0.308, R2 = 0.400 for CT species). In these cases,
Pianosa showed small negative values.
Biogeographical relationships among islands

Cluster analyses of all native species after applying the
UPGMA amalgamation rule produced a chained dendro-
gram (Fig. 3 a), where islands were placed according to
their species richness, the more isolated islands have
fewer species (Montecristo, Gorgona, Giannutri and Mt
Argentario). The use of a single-linkage algorithm gave a
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Fig. 1. Characteristic distributions of some species inhabiting
the Tuscan Archipelago. The arrow in Fig. 1d indicates locali-
ties in South-Western France.

Fig. 2. Characteristic distributions of some species inhabiting
the Tuscan Archipelago. Subspecies are indicated by different
symbols. Fig. 2a: Opatrum sculpturatum ilvense: solid squares;
O. s. urgonense: white triangle; O. s. caprariense: white square;
O. sculpturatum ssp. from Montecristo: solid triangle; O. s.
igiliense: solid circle; O. s. sculpturatum sculpturatum: white
circle and grey areas. Fig. 2b: Asida luigionii luigionii: grey
areas and white circle; Asida l. insularis: solid circles (taxon of
disputed validity); Asida l. doriae: solid triangle. Fig. 2c: Col-
potus strigosus strigosus: grey areas and solid circle; C. s.
oglasensis: solid triangle.



very similar result, with the remarkable difference that
Pianosa is directly linked to the Elba-Tuscany-Corsardi-
nia cluster. When anthropophilous species were excluded,
both UPGMA and single-linkage cluster analyses pro-
duced results virtually identical to the dendrogram
obtained using all native species and UPGMA grouping
of data. Cluster analysis based on CT species and
UPGMA grouping of data revealed a close relationship
between Corsardinia and Capraia, and among Tuscany,
Elba, Pianosa, Mt Argentario and Giglio (Fig. 3b). These
two clusters were also recovered by the single-linkage

clustering, which, however, indicated a more isolated
position for Montecristo (Fig. 3c).
Role of Recent and Pleistocene factors in determining
biogeographical patterns

Using Mantel tests, dissimilarities between islands in
tenebrionids were significantly correlated with both
Recent and Pleistocene geography (Recent geography: rs

= 0.393, P = 0.021 for all native species; rs = 0.415, P =
0.015 excluding anthropophilous species; and rs = 0.464,
P = 0.007 for CT species; Pleistocene geography: rs =
0.413, P = 0.017 for all native species; rs = 0.431, P =
0.012 excluding anthropophilous species; and rs = 0.554,
P = 0.002 for CT species). Partial Mantel tests controlled
for Pleistocene geography only revealed a weak correla-
tion with Recent geography for CT species (rs = 0.235, P
= 0.041). However, partial Mantel tests controlled for
Recent geography revealed a significant correlation
between Jaccard dissimilarities and Pleistocene geo-
graphy (rs = 0.285, P = 0.017 for all native species; and rs

= 0.262, P = 0.024 excluding anthropophilous species). In
addition, for CT species, there is a significant correlation
with the Pleistocene distance to Corsardinia and Tuscany
(rs = 0.543, P = 0.001; rs = 0.254, P = 0.027 when the
effect of Recent geography was partialled out; rs = 0.269,
P = 0.023 when the effect of Pleistocene geography was
partialled out). No influence of ecological distances was
detected.

DISCUSSION

Recent papers on the Tuscan Archipelago (Dapporto et
al., 2007; Dapporto & Cini, 2007; Dapporto & Strumia,
2008) conclude that the distribution of flying Hymeno-
ptera and Lepidoptera, because of their high dispersal
ability, is influenced mainly by present eco-geographical
factors. This contrasts strongly with the general opinion
that paleogeography (namely Pleistocene glacial maxima)
is a key factor determining the distribution of plants and
animals on these islands (see references in Mariotti, 1990
and in Dapporto & Cini, 2007).

In fact, current distributional patterns are the result of
the interaction between historical (paleogeographical and
paleoecological) and present (geographical and ecolo-
gical) factors, and it is likely that their relative effect
depends on the dispersal ability of the animal group con-
sidered. A recent comparative analysis of the biogeo-
graphy of various animal groups on the Tuscan Islands
revealed that highly mobile organisms (such as chrysidids
and butterflies) were mostly influenced by current factors,
while less mobile organisms (such as molluscs, reptiles
and tenebrionids) were more influenced by historical fac-
tors (Fattorini, 2009a).

In the present paper, a study of the biogeography of
tenebrionids identified Pleistocene geography (namely
island characteristics and relationships during the glacial
maxima) as an important determining factor of current
distributional patterns.

The first piece of evidence comes from the SAR. As
expected, tenebrionid species richness is positively corre-
lated with current island area. This is expected because
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Fig. 3. Cluster analyses based on Jaccard dissimilarities
showing patterns of tenebrionid biogeographical relationships
among the Tuscan Islands. Fig. 3a was obtained assuming all
populations are native and using the UPGMA amalgamation
rule. The use of single-linkage or the exclusion of anthropophi-
lous species, which are thought to be recent introductions,
resulted in similar dendrograms. When widely distributed spe-
cies were removed, cluster analyses using UPGMA (Fig. 3b)
and single-linkage (Fig. 3c) gave very different results.



species richness tends to increase with area, possibly as a
result of both current immigration/extinction processes
and historical factors (Fattorini, 2007b). However, if cur-
rent immigration is a key factor determining species rich-
ness on islands, a negative correlation with current
isolation is expected (Fattorini, 2002b). Thus, lack of a
correlation of tenebrionid richness with island isolation is
evidence that tenebrionids are largely unable to cross
even small stretches of water and that they colonized the
islands probably via Pleistocene landbridges. Further-
more, Pianosa has more species than predicted by the
SAR and when the origin of subspecies is included in the
analysis the fauna of Montecristo has a high percentage of
Tuscan species, which indicates these islands were mainly
colonized in the Pleistocene. In particular, according to
Dapporto et al. (2007), if paleogeography determined the
species assemblages on the Tuscan Archipelago, then
Pianosa and Montecristo should have a typical Tuscan
fauna. In the cluster analyses Pianosa was consistently
placed near Elba, while Montecristo was very isolated, as
expected based on its current geography.

The general picture parallels the biogeographical pat-
terns found in other groups, with Capraia mainly colo-
nized from Corsica and Sardinia, and other islands from
Tuscany, but this “biogeographical paradigm” is not evi-
dence of a Pleistocene effect, because it is equally likely
that it can be accounted for by both historical and current
geographical factors (Dapporto & Strumia, 2008). As a
matter of fact, Mantel tests indicate significant correla-
tions of biogeographical distances with both Recent and
Pleistocene geography. However, when the influence of
Recent geography was partialled out, Pleistocene geo-
graphy was still correlated with biogeographical
distances, while the influence of Recent geography disap-
peared when Pleistocene geography was partialled out.
This suggests that the influence of Pleistocene geography
is stronger than that of Recent geography.

The incidence of endemic taxa also indicates that Pleis-
tocene geography is important. During the Würm Pleisto-
cene sea regression, Elba (31 taxa, 2 endemics, 6.5%) and
Pianosa (16 taxa, 1 endemic, 6.3%) formed a single land-
mass connected to the Italian mainland. Note that the
taxon on Pianosa which is endemic to Tuscan Islands is
unique to this island, while the two endemic taxa of Elba
are also found on other Tuscan Islands. Giannutri (8 taxa,
1 endemic, 13%) and possibly Giglio (18 taxa, 2 ende-
mics, 11%) were also connected to the mainland. How-
ever, while the endemic taxon on Giannutri is not unique
to that island, the two endemic taxa on Giglio are unique
to that island, which suggests that these islands were iso-
lated from the mainland prior to the Pleistocene. Mt
Argentario, which is part of the Tuscan mainland, has a
low level of endemicity (12 taxa, 1 endemic, 8%), with no
unique endemic taxon. Capraia (15 taxa, 2 endemics,
13%), Gorgona (8 taxa, 2 endemics, 25%) and Monte-
cristo (9 taxa, 4 endemic taxa, 44%) were isolated from
one another during the Pleistocene and share the highest
levels of endemism, with unique endemics (2 on Capraia,
1 on Gorgona and 3 on Montecristo). As a whole, the

islands that have been isolated for a long time show high
levels of endemism. For these islands, the shared
endemics could have resulted from pre-Pleistocene land
connections. In particular, Opatrum sculpturatum shows a
high evolutionary plasticity on the Tuscan Islands and its
distribution indicates a relict origin, possibly dating to
before the disjunction of the Corsardinian microplate (cf.
Fattorini, 2008d), followed by dispersal to the Tuscan
Islands. The distribution of Probaticus ebeninus (Fig. 1d)
also fits this pattern.

The relict distribution of relatively sedentary organisms
should be matter of concern for conservation biogeogra-
phers, because local species extinction is not easily com-
pensated by immigration (cf. Fattorini, 2008b). Thus,
although island populations of species with high dispersal
power can be at least partially reconstituted by new immi-
grants from adjacent source areas, tenebrionids may be
more vulnerable to extinction as they mostly originated
via land connections with the mainland and cannot now
be balanced by new immigrations from mainland popula-
tions.

According to Dapporto and coworkers (Dapporto et al.,
2007; Dapporto & Cini, 2007) human activity probably
affects the natural turnover of species assemblages by
increasing extinction rates and favouring colonization by
widespread species, and conceals the role of historical
factors in the current composition of chrysidid and but-
terfly species. This is even more true for tenebrionids as it
cannot be excluded that endemic taxa associated with
wooded areas were lost when the oak forests were
destroyed (Fattorini, 2008c).

At present, the human population on the Tuscan Islands
is relatively small and declining (e.g., de Fabrizio, 2005),
thus the most important threat is from the effects of tour-
ism. All the islands studied are in the Tuscan Archipelago
National Park. Access to Montecristo, Gorgona and
Pianosa is strictly regulated and therefore these islands
are less threatened. However, other islands are subject to
high pressure from tourists, notably Elba and Giglio,
which are important tourist destinations. A serious conse-
quence of mass tourism and even so-called ecotourism is
the rapid degradation of fragile natural habitats, which are
becoming more and more attractive to tourists just
because of their increasing rarity. This is the case of the
few and scattered sandy shores on Giglio, now com-
pletely obliterated by bathing establishments, or, in the
case of the small and very isolated beaches, constantly
visited by single tourists. The psammophilous species
Phaleria spp. and Trachyscelis aphodioides are now con-
sidered to be extinct on this island. Increasing rarity of
well-preserved places led to high pressure from tourists
also on the Island of Giannutri. Although tourists are for-
bidden to use most of the footways on this island, most
tourists are unaware of this and those that reach the island
by ferry-boats concentrate in the few accessible places.

The high incidence of anthropophilous and cosmo-
politan species on Giglio is evidence of the influence of
man on the tenebrionid communities. Although recent
field studies on Giglio (from 1998 to 2008) indicate that
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endemic or localized taxa, such as Dichillus corsicus,
Dendarus coarcticollis, Helops caeruleus, Asida luigionii
doriae and Opatrum sculpturatum igiliense, can still
easily be found, the most frequently encountered species
are those of the genus Blaps and the highly eurytopic
Pedinus meridianus and Scaurus striatus (S. Fattorini,
pers. observ.).

The continued effect of man on the Tuscan Islands has
resulted in new habitats, which may also be of conserva-
tion value for tenebrionids. For example, old buildings
offer shelter for various species, such as Stenosis sardoa
and Asida luigionii luigionii, and the endemic Asida luigi-
onii doriae, Asida gestroi and subspecies of Opatrum
sculpturatum, as well as anthropophilous species, such as
Akis bacarozzo, Scaurus striatus and Blaps spp. (Gardini,
1976; S. Fattorini, pers. observ. on Giglio). This is also
the case of plane trees (Platanus sp.), which were fre-
quently planted as ornamental plants. Plane trees shed
their bark regularly. If the outer part of the bark is shed
but not detached from the trunk, it provides suitable
resting places for a number of insects, as is commonly
recorded for Eucalyptus trees (cf. Fattorini, 2008c). For
example, Stenosis brenthoides, Dendarus coarcticollis,
Colpotus strigosus and Accanthopus velikensis were
found under loose bark of plane trees on Elba (Gardini,
1976).

Thus, although conservation and restoration usually
involves the destruction of introduced plants and man-
made habitats, their potential as habitats for endemic and
anthropophilous species needs to be evaluated.
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