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Abstract: Investigating the drivers that support species richness (S) in insular contexts can give in-
sights for the conservation of insular biodiversity. Our aim was to decouple the effect of drivers 
(island area, distance from mainland and habitat diversity) accounted in three hypotheses or a com-
bination of them in explaining S in seven islands of the Tuscan Archipelago: Area (species–area 
relationship, SAR), area and distance from mainland (equilibrium hypothesis, EQH) and habitat 
(habitat diversity hypothesis, HDH). We used published and original datasets to assess S (except 
aliens) for 42 taxa (14 animal and 28 plant taxa) in each island, and we used S as the dependent 
variable and the drivers as covariates in regression models. In 31 taxa, the data supported one of 
the tested hypotheses or a combination of them, and the most commonly supported hypotheses 
were SAR (12 taxa) and EQH (10 taxa). The effect of the area was also evident in SAR + HDH (five 
taxa) and EQH + HDH (one taxon), making it the prevailing driver in explaining S. Since distances 
are relatively short, and three out of four islands are land-bridge islands, the effect of distance was 
significant for 12 taxa. The effects of habitat diversity were evident for just nine taxa. The multi-
taxon approach allowed us to understand the differential effect of drivers among taxa in influencing 
S in a single archipelago. Moreover, the multi-taxonomic rank approach highlighted how the infor-
mation contained within higher taxonomic ranks (e.g., Division) can be substantially different from 
that derived from lower ranks (e.g., Family). These insights are of particular importance from a 
conservation perspective of the archipelago’s biodiversity, and this approach can be transferred to 
mainland fragmented systems. 

Keywords: biodiversity; equilibrium hypothesis; insular fauna; insular flora; island biogeography; 
habitat diversity hypothesis; multi-model inference; species–area relationship (SAR); species rich-
ness 
 

1. Introduction 
Biodiversity on islands has always had a strong appeal to researchers due to its pe-

culiarities generated through the ecological processes of extinction, colonization and spe-
ciation [1–3]. Indeed, stochastic or deterministic (i.e., natural selection) events, typical of 
small isolated islands (bottleneck and genetic drift, inbreeding, demographic and envi-
ronmental stochasticity), can lead to the formation of unique biological entities [4]. 

Island biogeography is a consolidated field of research that aims to understand the 
patterns and processes that determine island biodiversity. Nowadays, clarifying the 
mechanisms that regulate these diversification processes is fundamental in disentangling 
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the effects of anthropogenic threats on selective factors influencing island populations 
[5,6]. 

One of the basic objectives of island biogeography is to understand the relationship 
that exists between species richness and island size, known as the Species–Area Relation-
ship (SAR [7]). SAR is invariably observed in marine island systems and mainland frag-
mented landscapes (i.e., “islands” of residual habitats within a disturbed anthropogenic 
“ocean”), making it the most accepted biogeographical model, defined as “one of commu-
nity ecology’s few genuine laws” [8]. Although the SAR can be described via different 
functions (see [9]), all agree on the fact that an increase in island area results in the incre-
ment of species richness. Large islands can support large populations with low probability 
of extinction (the Equilibrium Hypothesis, EQH [10–13]), or they have a higher probability 
in intercepting dispersal propagules (the Passive Sampling Hypothesis or Target Hypoth-
esis [7,14,15]). Furthermore, large islands generally possess more diverse habitats in com-
parison to small islands, thus increasing the possibility of hosting a higher number of spe-
cies (Habitat Diversity Hypothesis, HDH) [16]. The HDH predicts that habitat diversity 
increases with the increment of island area, and species richness increases accordingly 
with habitat diversity, while area per se has a minor effect on species richness [16]. Finally, 
the lower species number on small islands could be the result of stochastic perturbations 
which disproportionately affect small islands with respect to large islands. Without any 
doubt, small islands are more vulnerable to disturbance and species richness increases as 
disturbance frequency decreases (the Disturbance Hypothesis [17]). Despite the general 
validity of SAR, island species richness can also be affected by other geometric character-
istics (sensu [18]), such as island distance from the mainland and the relative position of 
islands with respect to other islands in an archipelago context (EQH [12,13]). All the mech-
anisms introduced by the previously illustrated hypotheses to explain the SAR are not in 
opposition to each other but, rather, can act synergically, emphasizing the positive rela-
tion between area and species richness. Disentangling the importance of each mechanism 
that acts locally as a driver of island species richness can be, on the one hand, crucial to 
understanding how the pools of insular species are dynamically maintained and, on the 
other hand, useful for countering the present or potential threatening factors that imperil 
island biodiversity worldwide. 

Although species richness of several groups of organisms can be explained by the 
biogeography hypotheses, the number of studies that have simultaneously considered a 
multi-taxon approach are scarce and provide limited interpretations. In particular, what 
is missing (probably due to the lack of data in some groups) is a multi-level biogeographic 
analysis that can integrate and interpolate information, deriving from different systematic 
categories (e.g., Family, Superfamily) and ecological groups of both plants and animals. 
In this context, the Tuscan archipelago (one of the Mediterranean basin’s Biodiversity 
Hotspots [19]), thanks to the numerous fauna and flora studies, is a natural laboratory in 
which to overcome the limited taxonomic horizon of previous studies. 

In this study, we assessed the importance of the factors argued by EQH, that is, the 
effect of island area per se, and the combined effect of island area along with its distance 
from the mainland, on island species richness. In addition, we tested the effects of HDH, 
exploring if the size of a specific island habitat affected each taxon richness. Additionally, 
we tested the single and joint contribution of each factor argued by both the EQH and the 
HDH. 

Finally, comparing high taxonomic ranks (Division) of plants, with their nested ranks 
(Families), we investigated if the drivers, and their magnitude, accounted by the biogeo-
graphical hypotheses tested are consistent. 
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2. Materials and Methods 
2.1. Study Area 

We conducted the study on the Tuscan Archipelago, protected under the Tuscan Ar-
chipelago National Park and recognized as Man and the Biosphere reserve by UNESCO. 
The Archipelago is located in the northern part of the Tyrrhenian sea at about halfway 
between Corsica and the Italian mainland and consists of seven main islands (Elba, Giglio, 
Capraia, Montecristo, Pianosa, Giannutri and Gorgona) and a series of islets and skerries 
(Figure 1). 

The archipelago has a great lithological variety with significant differences from is-
land to island. All the islands, except Pianosa and Giannutri, have very steep relieves, 
although they reach modest heights, with the only exception of Monte Capanne (1019 m, 
in western Elba). Gorgona is made up of calcschists, serpentinites and metabasites; 
Capraia is of entirely volcanic origin, consisting of andesite flows with tuffs, breccias and 
basaltic rocks. Pianosa consists almost entirely of a Pliocene biocalcarenite discordant on 
marls and clays of the Miocene age. Montecristo is a granite mass, Giglio is mostly consti-
tuted of monzogranite, Giannutri is carbonatic, while Elba, with its extremely complex 
geology and structure, consists of a large granodiorite pluto to the West and a well-known 
sequence of tectonic units with sedimentary successions, as well as other products of 
quartz-monzonite plutonism to the East [20]. The climate of the Tuscan Archipelago is 
determined by the position of the islands with respect to Corsica and the Italian mainland, 
by island size, elevation and by the exposure to winds and sea currents. Among the is-
lands of the archipelago, Elba presents an interesting climatic diversification linked both 
to its greater size and to the varied geomorphology [21]. 

This archipelago, rich in endemism, Sardinian-Corsican elements and taxa originat-
ing from Italian Peninsula, presents a rather complex biogeographic history linked to its 
origin during the convergence between Europe and Africa [22], the Pleistocene sea regres-
sion and driven by the changes that occurred in more recent times (Miocene to present), 
including those mediated by humans and their activities [23–26]. 

All these characteristics, combined with the information deriving from various stud-
ies that have focused on the biodiversity and biogeography of different groups of plants 
and animals (indicated in Table 1), make the Tuscan archipelago a suitable model for 
multi-taxon analysis, useful for understanding the factors that determine island biogeog-
raphy in the Mediterranean basin. 

Table 1. Data sources for the analyzed taxa. 

Taxon Taxonomic Rank 
Minimum and 
Maximum Number of 
Species on Islands 

Sources 

Anthophila Mixed Families 3–141  original unpublished data 
Aquatic beetles Mixed Families 3–127  Rocchi et al., 2014 [27] 
Aves (breeding) Class 5–78  Tellini Florenzano et al., 1997 [28]. 
Cerambycoidea Super-Family 3–44  Ceccolini et al., 2012 [29] 
Chilopoda Class 5–29  Fattorini et al.,2017 [30] 
Chrysididae Family 2–34  Fattorini, 2009 [24]; Dapporto et al., 2006 [31] 
Curculionoidea Super-Family 24–353  Forbicioni et al., 2019 [32] 
Isopoda Order 12–41  Fattorini et al., 2017 [30] 

Land snails Mixed Families 20–67  Fattorini, 2009 [24]; Fattorini et al., 2017 [30]; 
Barbato et al., 2018 [33]

Mammalia Class 2–22  
Angelici et al., 2009 [34]; Amori et al., 2015 [35]; 
De Marinis et al., 1996 [36] 

Pompilidae Family 14–34  Dapporto et al., 2006 [31] 

Reptilia Class 4–12  Fattorini, 2009 [24]; Fattorini, 2010 [37]; Fattorini 
et al., 2017 [30] 
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Rhopalocera Sub-Order 9–54  Fattorini, 2009 [24]; Dapporto and Cini, 2007 [23] 

Tenebrionidae Family 8–40  
Fattorini, 2009 [24]; Fattorini, 2010 [37]; Fattorini 
et al. 2017 [30]; Leo and Forbicioni, 2020 [38] 

Plants: 28 taxa 
Division to Family 
[39,40] 

1 to 341–11 to 1017 
Chiarucci et al., 2017 [41]; Carta et al., 2018 [42]; 
original unpublished data 

 
Figure 1. Study area. The seven main island of the Tuscan Archipelago (Gorgona, Capraia, Elba, Pianosa Montecristo and 
Giannutri) in the Tyrrhenian Sea, located between the Tuscany coast (Italy) and Corsica (France). 

2.2. Animal and Plant Dataset, Habitat and Island Geometric Characteristics 
The sources used to determine species richness on each of the seven islands of the 

Tuscan Archipelago for all 42 taxa (14 animal and 28 plant) are listed in Table 1. The da-
tasets for Orchidaceae and Apoidea Anthophila, were built ex novo by the authors using 
published and unpublished original data. For each taxon, only native species were taken 
into account in the calculation of the species richness. Overall, the time span covered by 
datasets ranges from 1950 to 2020. 

For each island, the geometric characteristics (island area, A, and distance from main-
land, D) used to test the SAR and EQH were obtained as a GIS (QGIS desktop 3.14) output, 
starting from the digital cartography available from the Technical Cartography Digital 
Portal of Tuscany Region (https://www.regione.toscana.it/-/cartografia-tecnica-regionale-
e-scarico-dati-geografici; accessed on December 2020). As distance from the mainland, we 
assessed both the distance between each island and Tuscan or Corsican coastline (Table 
2). To test the HDH we calculated the Shannon’s Index of the third level of land-use types 
of the CORINE Biotopes (obtained from the Technical Cartography Digital Portal of Tus-
cany Region and from [43]). 
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Table 2. Island covariates used in the analyses. The Shannon’s Index was calculated on the frac-
tional cover of land-use types of the CORINE Biotopes. 

Island Area 
(km2) 

Distance from
Tuscan Coastline
(km) 

Distance from 
Corsican Coastline 
(km) 

Habitat 
Diversity 
(Shannon’s 
Index) 

Elba 223.3 9 50 1.294 
Giglio 20.9 14 107 0.691 
Capraia 18.9 51 26 0.591 
Montecristo 10.4 63 58 0.685 
Pianosa 10.0 58 41 1.002 
Giannutri 2.3 12 122 0.896 
Gorgona 2.1 33 57 0.847 

2.3. Statistical Analyses 
One of the most important assumptions of the equilibrium hypothesis is that the pop-

ulation of each species is positively related to the island area, and it does not depend on 
habitat diversity. This implies that the probability of extinction of island populations is 
inversely related to the size of the island. With the aim to identify which biogeographical 
hypothesis is supported by our data, we first tested SAR using several functions [44,45] in 
order to detect possible deviations from the best-known Power function (S = c Az [7]). For 
this purpose, we used the sars package [44] in R 4.0.3 [46]. We tested the two parameters’ 
functions since the number of sampling units is limited (7 islands). We also excluded the 
linear function, since having a bigger island (Elba) comparing to the others would have 
produced a biased SAR estimation. The functions used to assess SAR were: Power, Expo-
nential (i.e., Logarithmic [44]), Kobayashi logarithmic, Monod, Negative exponential (the 
last two show an asymptote). Based on the AICc criterion, in 3 out 42 taxa the Negative 
exponential (S = d [1−exp (−z A)]) resulted the best function in explaining species richness 
on the archipelago. For the remaining species, the Logarithmic (S = c + z logA) resulted as 
the most performing function in explaining the SAR (e.g., [47]), although in many cases it 
was not very different from the others. In order to easily compare the outputs among taxa 
we decided to use the same function (i.e., the Logarithmic) in our modelling approach. 

Following MacArthur and Wilson [12,13], the equilibrium hypothesis envisions is-
land species richness as a balance between colonization events from the mainland and 
extinctions of established island populations [12,13]. Thus, in addition to the area effect 
(accounted in the SAR), species richness on an island is potentially affected by the degree 
of isolation of the island itself, making the colonization events inversely related to the 
distance between the island and the mainland. However, isolation may affect the extinc-
tion rate as well, making unclear what slope ought to be expected [48]. Colonizing prop-
agules belonging to a species already present on the island can reduce the probability of 
extinction of their insular population (rescue effect). To test the EQH, we added to the two 
SAR functions the linear effect of the distance from the mainland. We decided to test the 
linear effect of distance since the distances between the islands of the archipelago and the 
mainland do not show extreme values, varying within the same order of magnitude. In 
this way, greater variability is preserved in comparison to the logarithmic transformation. 
As distance from mainland, we used the minimum distance between the considered is-
land and Tuscan or Corsican coastline. 

The effect of habitat diversity on island species richness is not always easy to test. 
Often, this is due to collinearity between island area and habitat diversity which compro-
mises the statistical analysis [49]. Therefore, the Habitat Unit Model [50] should be applied 
to verify the role of the habitat diversity hypothesis in explaining the island species rich-
ness. If this mechanism is confirmed, the relative areas of the different habitats should be 
a better predictor of species richness than the total area of the island. However, in order 
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to apply the Habitat Unit Model, it is necessary to know the association of each species 
with a habitat among those on the island. A further complication arises from the fact that, 
while specialist species can be affected by both area and habitat diversity, the more gen-
eralist species should be mainly affected by the island area per se. Since we did not know 
the association between species and habitats, we assumed that island habitat diversity 
potentially affects the species richness of all the taxa analyzed. Thus, we tested the HDH 
by accounting for the Shannon’s Index calculated on the fractional cover of the different 
land uses at the third level of the CORINE Biotopes (SICB), as a proxy of habitat diversity. 
The models were performed using the nlsLM (minpack.lm package [51]) and glm (stat pack-
age [46]) functions in R for those species whose SAR can be explained by the Negative 
exponential and the Logarithmic function, respectively. For each taxon, as a dependent 
variable we used the number of species observed in every island. For the glm models we 
used a logarithmic link function. 

For taxa relying on the Negative exponential function, we built one model for each 
hypothesis (SAR, EQH and HDH) and the best model was selected according the AICc 
criterion [52]. Thus, we identified the hypothesis that is supported by the richness of An-
thophila, Aquatic beetles and Mammalia. 

For the taxa relaying on the Logarithmic function we built a full (multivariate) model, 
adding to the SAR’s component model (i.e., island area), the distance component pertain-
ing to the EQH, as the linear term of the distance from the mainland, and the linear com-
ponent of the HDH, as the linear term of the SICB. We excluded a strong collinearity in the 
multivariate models, since covariate correlations were moderate (Pearson’s r: logA-D = 
−0.34; logA-SICB = +0.46; D-SICB = −0.37). To the full model, with the drivers explaining the 
three hypotheses (area, distance, SICB), we applied a multi-model inference approach, in 
order to identify the drivers that affect the species richness of the analyzed taxa. This al-
lowed us to identify which hypothesis, or a combination of them, is supported by our 
data. Through an automated model selection, we first identified the best model(s) explain-
ing the species richness observed in each taxon. To this aim we use the function dredge in 
the MuMIn package [53] in R. We selected, as best models, those with a difference AICc 
value less than 4 (delta AICc < 4) with respect to the best performing model [52]. Accord-
ing to the drivers selected by the multi-inference approach, we identified the supported 
hypothesis, or a combination of them, that is supported by the taxa species richness. If the 
null model was included in the best model set, we considered that no hypothesis was 
supported by our data. Subsequently, in case of more than one best model, to estimate the 
mean coefficient of drivers we applied a model averaging, using the function model.avg in 
the MuMIn package. 

3. Results 
The SAR in the Tuscan Archipelago did not show strong deviation from the Loga-

rithmic function, except for Anthophila, Aquatic beetles and Mammalia, which were mod-
elled according with the Negative exponential function. For these three taxa, according to 
AICc, the best model in explaining species richness on islands supported SAR hypothesis 
(Figure 2a). The adjusted R2 for these models varied from 0.912 and 0.972 (Table 3). The 
coefficients estimated for SAR (Negative exponential function) in Anthophila, Aquatic 
beetles and Mammalia were all statistically significant. The coefficient of the asymptote 
(i.e., d according to the conventional notation) varied from 22.1 (Mammalia) to 142.3 (An-
thophila), while the area exponent (i.e., z) varied from 0.022 (Aquatic beetles) to 0.039 
(Mammalia) (Table 4). 

For the remaining 39 taxa whose richness was modelled using the Logarithmic func-
tion, according with the multi-model inference analysis, the species richness supported 
SAR in 12 taxa (Figure 2b), EQH in 10 (with two taxa responding to distance only; Figure 
3), HDH in one (Figure 4), SAR + HDH in seven (Figure 5), EQH + HDH in one (Figure 6), 
and no hypothesis in eight taxa (Table 5). In the 31 taxa whose richness supported one or 
a combination of hypotheses, after the model averaging procedure, the intercept (i.e., c) 
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was statistically significant in 28 and varied from 0.925 (Rosaceae) to 5.872 (Magnoli-
ophyta). In those taxa supporting SAR, the slope of the logarithm of the area (i.e., z) always 
resulted significant and varied from 0.183 (Caryophyllaceae) to 0.488 (Cerambycoidea), 
while for taxa supporting EQH, resulted as significant in six out of eight cases, varying 
between 0.101 (Isopoda) and 0.336 (Rhopalocera). In EQH taxa the slope of distance re-
sulted significant in 4 out of 10 cases and varied from −0.0410 (Chrysididae) to −0.0009 
(Fabaceae). The single taxon only affected by habitat diversity (i.e., Apiaceae) showed a 
slope of the SICB of 1.492 (p = 0.001). In SAR + HDH taxa the slope of the logarithm of the 
area resulted as significant in two out of seven cases, varying between 0.052 (Orobancha-
ceae) and 0.429 (Curculionoidea), while the SICB resulted as significant in one out of seven 
cases, with values ranging from 0.080 (Poaceae) to 1.756 (Orobanchaceae). Asteraceae was 
the only taxon supporting the EQH + HDH, in which the slope of the logarithm of the area 
amounted to 0.135, that of distance to −0.0043 and that of the SICB to 0.307 (see Table 6). 

Table 3. Identification of the supported hypothesis by species richness of taxa modeled by the 
Negative exponential function according to AICc criterion. AICc: Akaike Information Criterion 
with a correction for finite sample; R2 adj: Goodness-of-fit of the model according to the ad-
justed R2. 

Taxon Hypothesis AICc R2 adj 
Supported 
Hypothesis 

Anthophila 

SAR 52.25 0.959 ● 
EQH 90.32 0.941  
HDH 69.36 0.292  

SAR + HDH 90.60 0.934  

Aquatic beetles 

SAR 62.98 0.912 ● 
EQH 76.89 0.946  
HDH 78.81 0.151  

SAR + HDH 79.90 0.918  

Mammalia 

SAR 28.52 0.972 ● 
EQH 39.55 0.989  
HDH 52.67 0.111  

SAR + HDH 46.49 0.969  
●: Supported hypothesis by our data. 

Table 4. Estimates of the Species–Area Relationship (SAR) coefficients modeled by the Negative 
exponential function. SE: Standard error of the estimate; t-value: Student’s t value; Pr(>|t|): Two-
tailed p-values testing the null hypothesis that the coefficient is equal to zero. 

Taxon  Estimate SE t-value Pr(>|t|) 
Anthophila Asymptote 142.3 10.48 13.57 <0.001 

 Area exponent 0.023 0.004 5.719 0.005 
Aquatic beetles Asymptote 128.8 14.27 9.027 <0.001 

 Area exponent 0.022 0.006 3.768 0.013 
Mammalia Asymptote 22.10 1.152 19.18 <0.001 

 Area exponent 0.039 0.004 9.121 <0.001 
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Table 5. Multi-model inference: Automated model selection of best models according to the AICc criterion (delta AICc ≤ 4) and identification of the supported hypothesis. SICB: Shannon’s 
Index of CORINE Biotopes; Estim.: Driver coefficient estimate; Pr(>|z|): Two-tailed p-values testing the null hypothesis that the coefficient is equal to zero; df: Degree of freedom of the 
model; logLik: Log-Likelihood of the model; AICc: Akaike Information Criterion with a correction for finite sample; R2 adj: Goodness-of-fit of the model according to the adjusted R2 
(null: Null model with intercept only); Hypothesis: Supported hypothesis by our data. 

 Intercept log(Area) Distance SICB        
Taxon Estim. Pr(>|z|) Estim. Pr(>|z|) Estim. Pr(>|z|) Estim. Pr(>|z|) df logLik AICc Delta Weight R adj Hypothesis 

Amaranthaceae 0.672 0.214     1.546 0.005 2 −14.62 36.24 - 0.678 0.782 none 
 1.541 <0.001 0.191 0.026     2 −15.93 38.87 2.627 0.182 0.483  
 2.061 <0.001       1 −18.30 39.40 3.160 0.140 null  

Amaryllidaceae 1.401 <0.001 0.285 <0.001     2 −16.27 39.53 - 0.848 0.780 SAR + HDH 
 0.760 0.130     1.613 0.002 2 −17.98 42.97 3.434 0.152 0.584  

Apiaceae 1.182 0.006     1.492 0.001 2 −15.95 38.90 - 1.000 0.883 HDH 
Asparagaceae 1.065 0.001 0.294 0.001     2 −14.21 35.42 - 0.726 0.815 SAR + HDH 

 0.333 0.571     1.738 0.004 2 −15.19 37.37 1.953 0.274 0.649  
Asteraceae 3.869 <0.001 0.148 <0.001 −0.0098 0.007   3 −28.41 70.82 - 0.354 0.667 EQH + HDH 

 3.491 <0.001 0.194 <0.001     2 −32.21 71.42 0.600 0.262 0.622  
 3.077 <0.001 0.126 0.002   0.676 0.009 3 −28.76 71.51 0.695 0.250 0.683  
 3.470 <0.001   −0.0101 0.005 0.914 <0.001 3 −29.84 73.67 2.856 0.085 0.567  
 2.940 <0.001     1.217 <0.001 2 −33.87 74.73 3.915 0.050 0.539  

Aves (breeding) 3.224 <0.001 0.239 <0.001 −0.0164 0.002   3 −30.37 74.74 - 0.863 0.805 EQH 
 2.578 <0.001 0.324 <0.001     2 −35.71 78.43 3.687 0.137 0.737  

Boraginaceae 2.132 <0.001       1 −15.91 34.62 - 0.459 null none 
 2.485 <0.001   −0.0137 0.109   2 −14.55 36.10 1.472 0.220 0.544  
 1.777 <0.001 0.133 0.115     2 −14.71 36.42 1.798 0.187 0.582  
 1.477 0.004     0.746 0.181 2 −15.05 37.10 2.473 0.133 0.377  

Brassicaceae 2.429 <0.001 0.220 <0.001     2 −18.84 44.68 - 0.728 0.820 SAR + HDH 
 1.821 <0.001     1.362 <0.001 2 −19.83 46.65 1.972 0.272 0.714  

Caryophyllaceae 2.636 <0.001 0.183 <0.001     2 −19.00 45.01 - 1.000 0.787 SAR 
Cerambycoidea 1.214 <0.001 0.488 <0.001     2 −19.41 45.83 - 1.000 0.873 SAR 

Chilopoda 2.270 <0.001 0.197 0.001     2 −21.60 50.20 - 1.000 0.502 SAR 
Chrysididae 3.875 <0.001   −0.0410 <0.001   2 −15.48 38.97 - 1.000 0.922 EQH * 
Crassulaceae 1.966 <0.001       1 −17.04 36.88 - 0.544 null none 

 1.475 <0.001 0.181 0.045     2 −15.12 37.24 0.357 0.456 0.405  
Curculionoidea 1.967 <0.001 0.429 <0.001   1.235 <0.001 3 −29.31 72.63 - 1.000 0.985 SAR + HDH 

Cyperaceae 1.042 <0.001 0.419 <0.001     2 −16.80 40.59 - 1.000 0.911 SAR 
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Dicotyledonae 5.670 <0.001 0.169 <0.001 −0.0065 <0.001   3 −53.40 120.7 - 1.000 0.826 EQH 
Euphorbiaceae 0.219 0.708     1.879 0.001 2 −13.91 34.82 - 0.642 0.836 SAR + HDH 

 1.164 <0.001 0.270 0.003     2 −14.49 35.98 1.164 0.358 0.760  
Fabaceae 3.655 <0.001 0.169 <0.001     2 −29.82 66.65 - 0.855 0.624 EQH 

 3.895 <0.001 0.140 <0.001 −0.0062 0.066   3 −28.10 70.19 3.543 0.145 0.627  
Geraniaceae 2.197 <0.001       1 −16.00 34.80 - 0.761 null none 

 2.375 <0.001   −0.0067 0.398   2 −15.63 38.26 3.467 0.134 0.003  
 2.092 <0.001 0.041 0.627     2 −15.88 38.76 3.967 0.105 −0.117  

Isopoda 2.663 <0.001 0.174 0.001     2 −22.13 51.25 - 0.479 0.561 EQH 
 3.564 <0.001   −0.0169 0.001   2 −22.37 51.75 0.493 0.375 0.393  
 3.112 <0.001 0.121 0.025 −0.0119 0.035   3 −19.81 53.63 2.372 0.146 0.727  

Juncaceae 1.872 <0.001       1 −15.64 34.27 - 0.550 0.000 none 
 2.390 <0.001   −0.0187 0.075   2 −13.96 35.92 1.643 0.242 0.136  
 1.296 0.001 0.193 0.075     2 −14.11 36.22 1.951 0.208 0.152  

Lamiaceae 1.863 <0.001 0.321 <0.001     2 −18.07 43.13 - 1.000 0.903 SAR 
Land snails 2.868 <0.001 0.234 <0.001     2 −23.28 53.55 - 0.612 0.787 EQH 

 3.318 <0.001 0.177 <0.001 −0.0116 0.016   3 −20.23 54.47 0.914 0.388 0.909  
Magnoliophyta 5.872 <0.001 0.192 <0.001 −0.0055 <0.001   3 −58.40 130.8 - 1.000 0.871 EQH 
Monocotyledon 3.925 <0.001 0.255 <0.001     2 −30.48 67.96 - 1.000 0.890 SAR 

Orchidaceae 1.698 <0.001 0.464 <0.001     2 −24.57 56.13 - 1.000 0.889 SAR 
Orobanchaceae −0.259 0.694     2.157 0.001 2 −14.46 35.92 - 0.814 0.760 SAR + HDH 

 0.920 0.010 0.281 0.005     2 −15.94 38.87 2.953 0.186 0.539  
Papaveraceae 2.358 <0.001       1 −16.33 35.47 - 0.762 0.000 none 

 1.995 <0.001     0.418 0.413 2 −16.01 39.01 3.543 0.130 0.024  
 2.464 <0.001   −0.0039 0.587   2 −16.18 39.37 3.900 0.108 −0.103  

Plantaginaceae 2.088 <0.001 0.239 <0.001     2 −17.81 42.61 - 1.000 0.799 SAR 
Poaceae 3.450 <0.001 0.194 <0.001     2 −24.52 56.04 - 0.841 0.805 SAR + HDH 

 3.146 <0.001 0.144 <0.001   0.500 0.057 3 −22.69 59.37 3.328 0.159 0.870  
Polygonaceae 1.269 <0.001 0.262 0.003     2 −16.22 39.45 - 0.675 0.640 EQH 

 2.614 <0.001   −0.0249 0.012   2 −16.95 40.91 1.460 0.325 0.304  
Pompilidae 3.667 <0.001   −0.0201 <0.001   2 −16.95 41.90 - 1.000 0.709 EQH * 

Pteridophyta 1.788 <0.001 0.319 <0.001     2 −20.08 47.16 - 0.779 0.755 EQH 
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Ranunculaceae 1.300 <0.001 0.326 <0.001     2 −18.33 43.67 - 1.000 0.687 SAR 
Reptilia 1.218 <0.001 0.216 0.025     2 −13.22 33.45 - 0.410 0.812 none 

 1.815 <0.001       1 −15.63 34.06 0.609 0.302 0.000  
 0.641 0.292     1.316 0.038 2 −13.58 34.16 0.708 0.288 0.696  

Rhopalocera 2.035 <0.001 0.360 <0.001     2 −21.48 49.95 - 0.693 0.869 EQH 

 2.623 <0.001 0.281 <0.001 −0.0146 0.024   3 −18.79 51.58 1.632 0.307 0.934  

Rosaceae 0.925 0.003 0.398 <0.001     2 −15.69 38.38 - 1.000 0.832 SAR 
Rubiaceae 2.449 <0.001       1 −18.00 38.79 - 0.390 0.000 none 

 2.090 <0.001 0.134 0.062     2 −16.31 39.63 0.835 0.257 0.538  
 2.752 <0.001   −0.0117 0.105   2 −16.61 40.23 1.437 0.190 0.307  
 1.782 <0.001     0.760 0.110 2 −16.76 40.53 1.737 0.163 0.332  

Tenebrionidae 2.042 <0.001 0.318 <0.001     2 −19.47 45.93 - 1.000 0.824 SAR 
* EQH in which only the distance resulted the effective driver; none: No hypothesis was supported by our data (i.e., the null model was selected as among the best models). 
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Table 6. Multi-model inference: Coefficient of drivers estimated by model averaging the best models. Estimate: Driver 
coefficient estimate; SE: Standard error of the coefficient; SE adj: SE adjusted for averaged models only (i.e., when more 
than one best model was selected); z-value: Standard score; Pr (>|z|): Two-tailed p-values testing the null hypothesis that 
the coefficient is equal to zero. Importance: Relative importance of the drivers accounted by the hypothesis when more 
than one best model was identified. 

Taxon Driver Estimate SE SE adj z-value Pr(>|z|) Importance 
Amaryllidaceae Intercept 1.304 0.396 0.482 2.706 0.007 - 

 Log(Area) 0.242 0.125 0.139 1.739 0.082 0.848 
 SICB 0.246 0.613 0.636 0.386 0.700 0.152 

Apiaceae Intercept 1.182 0.429 - 2.752 0.006 - 
 SICB 1.492 0.443 - 3.369 0.001 - 

Asparagaceae Intercept 0.865 0.528 0.634 1.364 0.173 - 
 Log(Area) 0.213 0.152 0.166 1.289 0.198 0.726 
 SICB 0.475 0.835 0.877 0.542 0.588 0.274 

Asteraceae Intercept 3.492 0.373 0.410 8.510 <0.001 - 
 Distance −0.0043 0.005 0.006 0.726 0.468 0.865 
 Log(Area) 0.135 0.068 0.075 1.803 0.071 0.438 
 SICB 0.307 0.434 0.460 0.668 0.504 0.384 

Aves (breeding) Intercept 3.136 0.316 0.387 8.100 <0.001 - 
 Distance −0.0142 0.007 0.009 1.602 0.109 1.000 
 Log(Area) 0.250 0.053 0.069 3.613 <0.001 0.863 

Brassicaceae Intercept 2.264 0.355 0.405 5.586 <0.001 - 
 Log(Area) 0.160 0.108 0.114 1.406 0.160 0.728 
 SICB 0.370 0.632 0.650 0.569 0.569 0.272 

Caryophyllaceae Intercept 2.636 0.167 - 15.75 <0.001 - 
 Log(Area) 0.183 0.050 - 3.649 <0.001 - 

Cerambycoidea Intercept 1.214 0.244 - 4.974 <0.001 - 
 Log(Area) 0.488 0.060 - 8.110 <0.001 - 

Chilopoda Intercept 2.270 0.198 - 11.45 <0.001 - 
 Log(Area) 0.197 0.059 - 3.333 0.001 - 

Chrysididae Intercept 3.875 0.184 - 21.06 <0.001 - 
 Distance −0.0410 0.007 - −5.505 <0.001 - 

Curculionoidea Intercept 1.967 0.166 - 11.82 <0.001 - 
 SICB 1.235 0.248 - 4.986 <0.001 - 
 Log(Area) 0.429 0.041 - 10.43 <0.001 - 

Cyperaceae Intercept 1.042 0.288 - 3.621 <0.001 - 
 Log(Area) 0.419 0.074 - 5.670 <0.001 - 

Dicotyledonae Intercept 5.670 0.065 - 86.97 <0.001 - 
 Distance −0.0065 0.001 - −4.795 <0.001 - 
 Log(Area) 0.169 0.013 - 12.53 <0.001 - 

Euphorbiaceae Intercept 0.558 0.679 0.803 0.694 0.487 - 
 SICB 1.205 1.017 1.093 1.103 0.270 0.642 
 Log(Area) 0.097 0.140 0.147 0.656 0.512 0.358 

Fabaceae Intercept 3.689 0.141 0.173 21.27 <0.001 - 
 Log(Area) 0.165 0.033 0.043 3.822 <0.001 1.000 
 Distance −0.0009 0.003 0.003 0.317 0.751 0.145 

Isopoda Intercept 3.066 0.450 0.477 6.431 <0.001 - 
 Log(Area) 0.101 0.090 0.097 1.044 0.297 0.625 
 Distance −0.0081 0.009 0.009 0.851 0.395 0.521 

Lamiaceae Intercept 1.863 0.213 - 8.765 <0.001 - 
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Log(Area) 0.321 0.058 - 5.530 <0.001 - 
Land snails Intercept 3.042 0.282 0.328 9.277 <0.001 - 

Log(Area) 0.212 0.051 0.064 3.307 0.001 1.000 
 Distance −0.0045 0.006 0.007 0.637 0.524 0.388 

Magnoliophyta Intercept 5.872 0.057 - 102.4 <0.001 - 
 Distance −0.0055 0.001 - −4.686 <0.001 - 
 Log(Area) 0.192 0.012 - 16.38 <0.001 - 

Monocotyledonae Intercept 3.925 0.081 - 48.15 <0.001 - 
 Log(Area) 0.255 0.023 - 10.933 <0.001 - 

Orchidaceae Intercept 1.698 0.197 - 8.626 <0.001 - 
 Log(Area) 0.464 0.049 - 9.437 <0.001 - 

Orobanchaceae Intercept −0.040 0.765 0.924 0.043 0.966 - 
 SICB 1.756 1.024 1.139 1.542 0.123 0.814 
 Log(Area) 0.052 0.118 0.123 0.425 0.671 0.186 

Plantaginaceae Intercept 2.088 0.208 - 10.06 <0.001 - 
 Log(Area) 0.239 0.060 - 3.989 <0.001 - 

Poaceae Intercept 3.401 0.169 0.205 16.57 <0.001 - 
 Log(Area) 0.186 0.039 0.049 3.770 <0.001 1.000 
 SICB 0.080 0.211 0.236 0.338 0.736 0.159 

Polygoceae Intercept 1.707 0.694 0.736 2.319 0.020 - 
 Log(Area) 0.176 0.142 0.154 1.145 0.252 0.675 
 Distance −0.0081 0.013 0.014 0.587 0.558 0.325 

Pompilidae Intercept 3.667 0.167 - 22.00 <0.001 - 
 Distance −0.0201 0.006 - −3.532 <0.001 - 

Pteridophyta Intercept 1.787 0.221 - 8.080 <0.001 - 
 Log(Area) 0.319 0.060 - 5.272 <0.001 - 

Ranunculaceae Intercept 1.300 0.280 - 4.639 <0.001 - 
 Log(Area) 0.326 0.076 - 4.277 <0.001 - 

Rhopalocera Intercept 2.215 0.355 0.414 5.354 <0.001 - 
 Log(Area) 0.336 0.064 0.079 4.225 <0.001 1.000 
 Distance −0.0045 0.008 0.008 0.531 0.595 0.307 

Rosaceae Intercept 0.925 0.312 - 2.966 0.003 - 
 Log(Area) 0.398 0.081 - 4.913 <0.001 - 

Tenebrionidae Intercept 2.042 0.195 - 10.47 <0.001 - 
 Log(Area) 0.318 0.053 - 5.962 <0.001 - 

SICB: Shannon’s Index of CORINE Biotopes. 

 
(a) 
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(b) 

Figure 2. (a) Species-Area Relationship (SAR) according to the Negative exponential function: Effect of the logarithm of 
island area on species richness (S) of Anthophila, Aquatic beetles and Mammalia in the Tuscan Archipelago. (b) SAR 
according to the Logarithmic function: Effect of the logarithm of island area (log(A)) on species richness (S) of animal and 
plant taxa in the Tuscan Archipelago. 

 
(a) 

 
(b) 

Figure 3. Equilibrium Hypothesis (EQH) according to the Logarithmic function: joined effect of logarithm of island area 
(log(A)) (a) and distance (D) (b) on species richness (S) of animal and plant taxa in the Tuscan Archipelago. 
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Figure 4. Habitat Diversity Hypothesis (HDH) according to island habitat diversity: effect of habi-
tat diversity (SICB: Shannon’s Index on CORINE Biotopes) on species richness (S) of Apiaceae in 
the Tuscan Archipelago. 

 
Figure 5. Species-Area Relationship combined with Habitat Diversity Hypothesis (SAR + HDH) according to the Loga-
rithmic function: Joint effect of the logarithm of island area (log(A)) and effect of habitat diversity (SICB: Shannon’s Index 
on CORINE Biotopes) on species richness (S) of animal and plant taxa in the Tuscan Archipelago. 

 
Figure 6. Equilibrium Hypothesis combined with Habitat Diversity Hypothesis (EQH + HDH) 
according to the Logarithmic function: Joint effect of logarithm of island area (log(A)) and distance 
(D) and effect of habitat diversity (SICB: Shannon’s Index on CORINE Biotopes) on the species rich-
ness (S) of Asteraceae in the Tuscan Archipelago. 
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4. Discussion 
Our results showed that species richness in 34 out of 42 animal and plant taxa on the 

Tuscan Archipelago was influenced by island area (SAR), island area and distance from 
mainland (EQH), habitat diversity (HDH), island area combined with habitat diversity 
(SAR + HDH) and island area and distance from mainland combined with habitat diver-
sity (EQH + HDH). Among the 34 taxa that respond to one of the tested hypotheses, the 
most supported by our data was the SAR (15 taxa; 44%), followed by EQH (10 taxa; 29%), 
SAR + HDH (7 taxa; 21%), HDH (1 taxon; 3%) and EQH + HDH (1 taxon; 3%). If we con-
sider the prevalence of SAR and EQH with respect to HDH, our results differ from those 
of Sfenthourakis and Panitsa [54], who highlighted the crucial role of the habitat diversity 
in the islands of the Aegean Sea. 

In Anthophila, Aquatic beetles and Mammalia, the Negative exponential function 
explained the SAR with a great explicative power (R2 adjusted > 0.912). This is particularly 
noticeable, since the curve function tends to the asymptote, thus describing the maximum 
number of potentially available species over a defined threshold and corresponding to the 
pool of species observable on the archipelago. This curve threshold is reached with differ-
ent velocity among taxa, with Mammalia having the highest z-value (z = 0.039). We must 
be cautious in interpreting the Anthophila result, since the asymptote could be an artifact 
due to an under-sampling of the taxon in the bigger island (Elba) (L.F. personal comment). 
Conversely, the plateau reached by Mammalia can be considered realistic, given the ro-
bustness of the data used (multiple studies are available and probably only few elusive 
species are missing). Mammals’ SAR is attributable to biological and ecological traits of 
the taxon (e.g., K-strategy, wide home ranges), which affect their population size and, 
consequently, the survival rate in insular contexts [55,56]. Furthermore, our analyses are 
in contrast with Hortal et al. [57] and Amori et al. [35], in which habitat diversity resulted 
as the main driver in determining species richness. Even for Aquatic beetles, the plateau 
reached by the curve can be considered realistic, since data available for this ecological 
group are exhaustive. Our result contrasts with what indicated by Ribera et al. [58] and 
Wohlfart and Vamosi [59], where the main driver in species richness of Aquatic beetles 
was habitat diversity. This discrepancy is probably attributable to the different ecological 
needs of the species considered, as the group analyzed in our study is not monophyletic 
but rather an artificial aggregation. 

The species richness of Cerambycoidea, Orchidaceae, Curculionoidea, Cyperaceae, 
Rosaceae, Rhopalocera, Ranunculaceae, Lamiaceae, Pteridophyta and Tenebrionidae 
showed a remarkable insularity (sensu [60]; slope of the logarithm of the island area, z ≥ 
0.30), i.e., species richness for these taxa strongly decreased with the reduction of the is-
land size. The richness of Monocotyledonae, Aves, Amaryllidaceae, Plantaginaceae, As-
paragaceae, Land snails, Chilopoda, Magnoliophyta, Poaceae, Caryophyllaceae, Polygo-
naceae, Dicotyledonae, Fabaceae and Brassicaceae showed a typical degree of insularity 
(0.15 < z<0.30; see for example [61,62]). 

We found a strong difference in the magnitude of area effect on species richness be-
tween Division (Magnoliophyta) or Class (Monocotyledonae and Dicotyledonae) and 
families (Orchidaceae, Cyperaceae, etc.). 

In accordance with Triantis and co-authors [9], we did not find any significant differ-
ence in the z between invertebrate and plant taxa (F1,25 = 0.106, p = 0.748). The intercept (c) 
reflects the biotic richness of the considered taxon; therefore, its value varies across taxa 
and strictly depends to the considered taxonomic rank [63]. For these reasons, we did not 
perform any comparative analysis on this parameter. 

The strong insularity observed in Cerambycoidea is probably attributable to their 
ecological requirements in term of larval hostplants. Since this group includes both gen-
eralist and specialist species, developing in herbaceous plants or in dead and decaying 
wood, their richness may be conditioned by the presence of specialist species, whose hab-
itats more easily occur in large islands [64,65]. 
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In contrast with what we observed in the Tuscan Archipelago, the richness of Te-
nebrionidae in the Aegean Archipelago seems to be affected by habitat diversity [66]. In 
our context, the low explanatory power of distance from mainland may be due to the high 
number of endemic species and sub-species (about 26%). This implies that the Tenebrio-
nidae fauna did to not rely on relatively recent immigration from the mainland, as they 
are composed of apterous and brachypterous species, but instead is characterized by a 
large endemic component, speciating after an ancient colonization [E.R. unpublished 
data]. However, their strong insularity, may be due to the capability of large island in 
intercepting passive-dispersal propagules from mainland (target effect, [67]) and human-
mediated species translocation on larger island [68,69]. 

Orchidaceae showed a particularly strong insularity in full accordance with what 
was reported in Lussu et al. [70], where area resulted a better predictor of species richness 
in comparison to elevation in Mediterranean islands, although Gentili et al. [71] high-
lighted the highest levels of speciation and diversity in Mediterranean mountains. These 
plants are commonly present at low population densities in a variety of habitats and this 
feature makes Orchidaceae particularly susceptible to island size and explains their insu-
larity found worldwide [72]. 

In contrast with Patiño and co-authors, we observed that the degree of insularity is 
higher in Pteridophyta than in Magnoliophyta [73]. This discrepancy can be linked to the 
strict habitat requirements of Pteridophyta. Indeed, under the Mediterranean climate, the 
available habitats for this group (moist and shady biotopes) are limited and thus more 
likely found on large islands. 

The fact that Chilopoda richness supported SAR may be due to the biology of the 
group; Chilopoda are in fact predators relying on the abundance of prey species [74] and 
consequently their richness may be mediated by the insularity of their prey and also for 
their general low population density [75]. 

The marked degree of insularity of Cyperaceae may be explained by their high-den-
sity occurrence in localized moist habitats [76]. This aspect makes them particularly prone 
to disappear with the reduction of island size. 

Ranunculaceae, in the archipelago, are mostly linked to evergreen oak forest and 
chestnut woodlands [77]. These habitats are generally uncommon on small Mediterranean 
islands, making the group particularly sensitive to island area. 

In the archipelago, Rosaceae and Lamiaceae are relatively common in mesophilous 
forests or grassland and ecotone habitats. Their strong insularity may probably be due to 
the intrinsic rarity or selectivity for localized habitat of some species (e.g., Fragaria spp., 
Geum urbanum, Rosa rubiginosa, Teucrium spp.) included in the two families [78]. 

Monocotyledonae, Plantaginaceae and Caryophyllaceae are difficult to justify since 
they are heterogeneous groups (with different reproductive system, dispersal ability, hab-
itat requirement) in which there does not exist any comparative data in literature. In 
plants, SAR has been preferentially investigated using the main functional groups like 
herb (annual and perennial), shrub and wood species [79,41] and consequently compara-
tive data at the family level are uncommon [80]. 

Magnoliophyta and Dicotyledonae are large groups of species for which we found a 
typical insularity effect, with a significant contribution of distance (EQH). We used these 
two wide taxonomic groups as reference for the other taxa whose richness was measured 
at lower taxonomic rank. Therefore, we are confident that the effect of distance in Mag-
noliophyta and Dicotyledonae would be averaged, between the most and less distance-
sensitive taxa. Thus, we defined three classes of distance effects (d) according to its mag-
nitude found across the taxa: strong (d < −0.01), moderate (−0.01 ≤ d<−0.001, including that 
of Magnoliophyta and Dicotyledonae) and low (d ≥ −0.001). 

Polygonaceae includes species linked to human-disturbed areas as well as to uncom-
mon grassland habitats, other than species characterized by different dispersal capabili-
ties. For these reasons it was not surprising to find them typically affected both from area 
and distance, although area showed an importance about double of that of distance [81]. 
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For Rhopalocera, accordingly with Dennis et al. [82], Dapporto and Cini [23], besides 
a prevailing effect of area (i.e., taxon showing a strong insularity), we found a moderate 
but significant effect of island distance from mainland (14.5% of that of the area) on species 
richness. Surprisingly, we did not find a significant effect of the habitat diversity on the 
species richness of the taxon, since it is probably masked by insularity, that is the effect 
played by the geometric characteristics of the islands. 

In Land snails the species richness on the Tuscan Archipelago was affected by area 
and distance from the mainland (EQH), whose effects was in a ratio of 2.6:1. Land snails, 
despite being characterized by limited dispersal capacity, contain few endemic species 
(about 5%) [83]. This scarcity of endemics testifies that this taxon may have relied on more 
recent phenomena of immigration, also considering that three (Elba, Pianosa and Giannu-
tri) out of seven archipelago islands are land-bridge. For this reason, the effect of distance 
on land snail species richness is still significant, although not the primary driver (see [84]). 
Conversely, in the Aegean archipelago, habitat diversity resulted as the most relevant 
driver, given its higher proportion of land-bridge islands [83]. 

Fabaceae are a large group including several early-successional specialist species, 
that benefit from habitat disturbances [85]. This condition may be the reason for which 
the group was sensitive to island area (large islands are more likely to have habitats in 
different successional stages or disturbed habitats). Many plant species rely on animal 
dispersal (zoochory), including birds, and this could be the reason for which the group 
was moderately affected by distance. 

Isopoda supported the EQH, with a moderate area effect and typical isolation degree. 
This result is in agreement with the findings of Sfenthourakis [86] and Gentile and Argano 
[87] concerning the significant effect of area. However, these authors found an additional 
effect of the habitat diversity, while the significant effect of distance we found may be 
explained by the passive dispersal often adopted by species of the taxon (e.g., floating 
material transported by currents) [88]. 

Pompilidae [31] and Chrysididae [89–90] are parasitoid Hymenoptera, both with 
moderate dispersal capability, whose ecology is strictly dependent on their host presence. 
These groups are apparently neither influenced by habitat diversity nor area, but strongly 
by distance. The result confirmed what previously found by Dapporto et al. [31]. 

Apiaceae is a group characterized by species with very different ecology, colonizing 
a great variety of habitats (grassland to woodland), coastal to inland areas, early to mature 
successional stages [91], justifying why the taxon species richness supported the HDH. 

In Curculionoidea we observed a joint contribution of drivers supporting SAR and 
HDH. The strong relationship between the species richness of the taxon and habitat di-
versity is explainable by their biology closely linked to plants [92,93], as already demon-
strated for wood borers [94]. In addition, it should not be overlooked that Curculionoidea 
assemblages may also have been influenced by plant introduction phenomena that could 
have acted as vector of insect species originating from surrounding areas (islands and 
mainland) [32]. Curculionoidea showed also a strong insularity; this is likely due to their 
stricter specialization respect to Cerambycoidea. Indeed, probably two-thirds of the Cur-
culionoidea are closely associated with plants of one genus [95,96]. In case of host plants 
with limited distribution, the probability of presence of these plants grows as the island 
size increases and, consequently, that of the associated Curculionoidea species. Overall, 
Curculionoidea benefit from both specific limited resources (i.e., rare genera of plants; 
supporting SAR), but also of diversified resources (i.e., multiple genera of plants; support-
ing HDH). 

Euphorbiaceae and Orobanchaceae are affected by the joined effect of drivers sup-
porting SAR and HDH, with a prevailing of habitat diversity. Despite the limited number 
of species present in the archipelago for both taxa, they are however extremely diversified, 
with species ranging from specialist to generalist, making the habitat diversity a strong 
driver in influencing their species richness [97]. Indeed, several Orobanchaceae are spe-
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cies-specific parasites [98]. In addition, although these two taxa showed a moderate de-
gree of insularity, it is not surprising that the contribution of more specialized species on 
the overall species richness of the families increases as island size increases. 

Similarly, the richness of Amaryllidaceae, Asparagaceae and Brassicaceae was af-
fected by area and habitat diversity. However, the effect of habitat diversity was substan-
tially low in the respect to the previous two taxa, while the effect of area was higher, being 
the area the major driver. Amaryllidaceae and Asparagaceae are bulbous and rhizoma-
tous plants, and are both quite diversified taxa, that benefit from habitat diversity and 
heterogeneity. Several species of these two taxa are rather stenoecious, needing particular 
and rare habitats, thus benefit also from large-size islands. In Brassicaceae, that includes 
a large number of specialized and euryecious species, species richness grows in accord-
ance with habitat diversity and island size. 

Poaceae includes both specialist and generalist genera and species capable of grow-
ing in multiple types of habitat. The taxon showed a typical insularity, and this is likely 
due to specialized species, whose uncommon habitats are more likely to be found on large 
islands. In addition, we found a moderate effect of habitat diversity for Poaceae as already 
demonstrated by Scherber and co-authors [80]. 

Reptilia is the only animal taxon that did not supported any of the tested hypotheses. 
Probably, the geological history of the archipelago exerted a more important role in forg-
ing the assemblage of this group, especially during the Pleistocene sea regression. In this 
period land-bridge islands (Elba, Pianosa and Giannutri) may have been largely colonized 
(and possibly saturated) by different non-flying animal taxa, including Reptiles, whose 
assemblages result richer respect to oceanic island (Montecristo, Gorgona, Capraia and 
Giglio) [24]. Seven plant families (Amaranthaceae, Boraginaceae, Crassulaceae, Gerania-
ceae, Juncaceae, Papaveraceae and Rubiaceae) did not support any of the hypotheses 
tested. The reason why we observed such result remains obscure to us, and no other study 
can provide us some insight. However, we can speculate the fact that some families did 
not support any hypothesis may be due to their biological or ecological heterogeneity (e.g., 
different reproductive system, dispersal capability or degree of habitat specialization). 

5. Conclusions 
The multi-taxon and multi-rank analysis of plants teaches us that in order to develop 

an effective biogeographic model that provides useful information to understand the pre-
disposition to extinction of some taxa or their populations, it is preferable to analyze spe-
cies richness at the family level rather than higher ranks. It is necessary to pay particular 
attention to the analysis of large taxonomic categories because the drivers that determine 
their species richness can vary and differ substantially in their contribution with respect 
to lower taxonomic categories, thus providing potentially misleading output for the con-
servation of island biodiversity. An example is the Magnoliophyta that respond to EQH, 
but in which 10 taxa have a strong insularity defined according to SAR, EQH, SAR + HDH, 
EQH + HDH, four taxa have a species richness determined exclusively by habitat diversity 
(HDH) and only two in EQH. 

These findings may have not only theoretical but also practical relevance. Specifi-
cally, lower taxonomic ranks provide more significant information on the overall effect of 
environmental drivers, since species tend to respond consistently as a function of their 
phylogenetic relatedness. This interpretation derives from the fact that closely related taxa 
form homogeneous groups, characterized by shared traits inherited from a common an-
cestor. In other cases, due to adaptive radiation, the same taxonomic rank may become 
rather heterogeneous, whereby each species tends to respond in a contrasting way, mask-
ing the overall effect of environmental drivers on the group. However, some traits can 
also be shared between phylogenetically unrelated taxa, due to a partial sharing of the 
ecological niche resulting from a process of evolutionary convergence. 

Therefore, to identify and quantify the drivers shaping island biodiversity, the chal-
lenge that Island Biogeography has to face in the future is not only to analyze the effect of 
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the drivers on phylogenetically related and homogeneous groups, but also on those unre-
lated groups sharing common ecological needs. 

Indeed, understanding the drivers involved in determining the dynamic equilibria 
that forge island biodiversity is essential for identifying the most sensible and homoge-
nous (both phylogenetically and ecologically) groups of organisms; recognizing those eco-
logical-multi-taxonomic groups would permit the implementation of conservation actions 
aiming at buffering those natural and anthropogenic factors that determine extinction in 
susceptible insular systems [99]. 

From a conservation perspective, to counteract the effects of biogeographical drivers 
induced by humans, it is mandatory: 
(1) To preserve small and/or rare but relevant habitats, that are more prone to disappear 

in small islands, imperiling localized or low-density species linked to these habitats 
(driver: island area); 

(2) To maintain insular habitat diversity (driver: habitat diversity); 
(3) To protect local populations, thus counteracting the “isolation” effect among islands 

(driver: distance). 
This framework can give insights for the conservation not only of island biodiversity, 

but it can be effectively used to understand ecological dynamics of mainland taxa equally 
prone to extinction in consequence of environmental fragmentation that leads to habitat 
insularization. 

Concluding, what emerges from our analyzes is also that, in the Tuscan Archipelago, 
as in many other realities, there is still a huge knowledge gap about the biodiversity of 
many groups of animals, and invertebrates in particular. This gap is the only real limiting 
factor for the conservation of biodiversity; above all, it is not safe to infer the sensitivity of 
an animal taxon to disturbance factors or its predisposition to extinction starting from a 
wider or different group. It is from this condition that we want to encourage further field 
research and promote the collection and sharing of data (see [100]), because we cannot 
adequately protect what we do not know. 
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