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We investigate the macroecological patterns of the terrestrial biota of the
Azorean archipelago, namely the species-range size distributions, the distance
decay of similarity, and the island species–area relationship (ISAR). We use
the most recent up-to-date checklists to describe the diversity at the island
level for nine groups (Lichens, Fungi, Diatoms, Bryophytes, Vascular Plants,
Nematodes, Molluscs, Arthropods, Vertebrates). The particularities of the
Azorean biota result in some differences to the patterns commonly found in
other oceanic archipelagos. Strikingly, bryophytes, molluscs and vertebrates
show a bimodal species-range size distribution, and vascular plants a right
unimodal distribution due the high numbers of widespread species. Such high
compositional homogeneity between islands also results in non-significant or
even negative decays of similarity with distance among islands for most
groups. Dispersal ability, together with other particular characteristics of each
taxon, also shapes these distributions, as well as the relationships between
island species richness, and area and time. Strikingly, the degree of departure
of the richness of the whole archipelago from the SAR of its constituent islands
largely depends on the dispersal ability of each group. Comparative studies
with other oceanic archipelagos of the globe are however needed to
understand the biogeographical and evolutionary processes shaping the
remarkably low diversity of the Azorean biota.
Keywords: Azores, island biogeography, Macroecology, species-range size
distribution, distance decay of similarity, species–area relationship, island age,
dispersal ability, terrestrial biota.

1. Introduction
Macroecology is a recent field of
ecology devoted to the study of the
patterns
of
species
distribution,
abundance and richness at large spatial
and temporal scales (Brown & Maurer,
1989; Gaston, 1994, 2003; Brown, 1995;
Lawton, 1999, 2000; Maurer, 1999;

Gaston & Blackburn, 2000). This field of
study is growing very fast and from an
initially simple description of patterns
there is now a growing body of literature
evaluating and explaining the potential
mechanisms associated with such patterns
(see e.g. Holt et al., 1997; Lawton, 2000;
Gaston et al., 1997, 2006; Gaston &
Blackburn, 2000).
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Some of the macroecological
patterns studied so far (reviewed in
Gaston & Blackburn, 2000) are particularly
pervasive in ecological communities: i) the
frequency distribution of logarithmically
transformed species abundances is leftskewed; ii) the untransformed geographic
ranges of species are distributed according
to a "hollow curve" (Gaston, 2003), so
most species have a narrow range while a
few are more widespread regardless of the
analyzed extent (Gaston & Blackburn,
2000); iii) the relationship between the
abundance and geographical range size of
the species is positive (see e.g. Gaston et
al., 2006 and Borges, 2008 for an
application with Azorean arthropods); iv)
the species richness of local communities
is related to the regional richness, rather
than fully dependent of local processes
(see Borges & Brown, 2004 for an study
conducted at the Azores); and v) the
relationship between richness and area
(i.e., the species–area relationship) is
positive and its slope varies within a
limited set of values, in what is considered
as one of the strongest patterns observed
in ecology (e.g., Rosenzweig, 1995;
Lawton, 1999; Gaston and Blackburn,
2000; Whittaker & Fernández-Palacios,
2007).
We recently published a revised
and expanded list of Azorean terrestrial,
freshwater and marine fungi, fauna and
flora (Borges et al., 2010), covering all
terrestrial
taxonomic
groups
(Fungi,
Lichens, Diatoms, Bryophytes, Vascular
Plants,
Platyhelminthes,
Annelids,
Nematodes, Molluscs, Arthropods, and
Vertebrates). Based on these species lists,
which are the most complete that have
been available for the Azores so far, we
aim to provide an overview of the
distribution, composition and species
richness patterns in several taxonomic
groups at the Azorean archipelago. More
precisely, we investigate in detail three
main patterns: i) the species-range size
distributions; ii) the distance decay of
similarity; and iii) the species–area
relationship.
First, we evaluate whether the
species-range
size
distribution
of
indigenous (and particularly endemic)
species shows a bimodal pattern, where in
addition to the modal value find at the
left, generated by single or few island
endemics, a right hand modal value is
present, due to the existence of a large
group of widespread species that occur in
almost all islands. Next, we describe the
compositional similarity between island
biotas, by investigating the decrease in

similarity of communities with an increase
in the distance separating them (the socalled “distance decay of similarity”,
Nekola & White, 1999). We expect that
taxa with high dispersal ability (e.g. fungi,
lichens,
bryophytes,
diatoms
and
vertebrates) will show a bimodal speciesrange size distribution pattern, but not a
significant decrease in similarity with
increasing distance between islands. Taxa
with low dispersal ability, on the contrary,
will show both a unimodal species-range
size distribution pattern and a significant
distance decay of similarity.
In addition, we investigate the
species–area relationship (ISAR) for all
studied groups. Here, we predict that due
to its recent history, for most taxonomic
groups the Azorean islands will present a
positive relationship between richness of
indigenous and both area and island age
(see also Whittaker et al., 2008, 2009;
Borges & Hortal, 2009; Cardoso et al.,
2010; Triantis et al., 2010a). In addition,
we
evaluate
whether
the
Azores
archipelago as a whole follows the same
ISAR as its nine constituent islands (i.e.,
how much the archipelagic point departs
from the ISAR fitted to the islands; see
Santos et al., 2010). Then, we evaluate
our findings regarding the overall dispersal
ability of each particular taxon.
2. Methods
Data
We
used
the
most
recent
compilation of terrestrial species lists for
the Azores (see Borges et al., 2010). We
looked particularly to the most species
rich lists, excluding platyhelminthes and
annelids due to the low number of species
from these two taxa inhabiting the Azores.
The following lists were used in the
analyses: fungi (including Protozoa and
Chromista; Melo et al., 2010); lichens
(Aptroot et al., 2010); diatoms (Gonçalves
et al., 2010); bryophytes (Gabriel et al.,
2010);
vascular
plants
(i.e.,
Tracheobionta; Silva et al., 2010);
nematodes (Vieira et al., 2010); molluscs
(Cunha et al., 2010), arthropods (Borges
et al., 2010) and vertebrates (Rodrigues
et al., 2010).
For each island and taxon we took
into consideration only the indigenous
species (i.e., archipelagic endemics plus
natives), excluding all introduced species.
In addition, in the case of the molluscs,
arthropods and vascular plants we
compiled and recorded the numbers and
percentages of endemics.
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Analyses
Species range sizes
Species range sizes were measured as the
number of islands occupied, with a
maximum occupancy of nine. As the
number of species differs between taxa, to
allow
comparability
we
used
the
proportion of species instead of the
number of species occurring in each range
size
category.
We
evaluated
the
occurrence
frequency
distribution
of
species in the various islands using the
Tokeshi statistical test for bimodality
(Tokeshi, 1992; Barreto et al., 2003), that
allows the calculation of the probability
that the data follows such distribution
under the null hypothesis of the presence
of larger numbers of species in the two
extreme classes (one site only and all
sites, respectively; see also Gaston &
Blackburn, 2000).
The probability (P) of occurrence
of a given absolute frequency f or higher
is given by the upper-probability of a
binomial distribution:
N

P( F

f)
i f

N!
h i (1 h) N
i!( N i )!

i

where F is a random variable that
describes the event of a species occurring
in a given size bin with probability h of
success, N is the total number of sampled
species. The null hypothesis is rejected
(and thus bimodality is discarded) if the
probability is smaller than a defined
significance level (normally 0.05 or 0.1).
Distance decay analyses
For the distance decay analyses we used
the complement of the β-3 index of beta
diversity for presence-absence data (i.e. 1
- β-3, see Williams, 1996; Koleff et al.,
2003; Cardoso et al., 2009). In our
datasets differences in species richness
between islands were expected to be
mainly the result of differences in area
and island age (Borges & Brown, 1999;
Borges & Hortal, 2009; Cardoso et al.,
2010). Given that we wanted to study
only the influence of distance between
islands in their assemblage composition,
not the influence of area or age, we chose
the β-3 index because it is not influenced
by differences in species richness between
assemblages (Cardoso et al., 2009). In
addition, this index is particularly robust
to comparisons of incomplete lists
(Cardoso et al., 2009). With nine islands,
36 pairwise comparisons were made per
each of the nine taxa. As these pairwise
values were not independent, significance

of the adjusted curves was assessed
through Mantel tests, randomizing 1000
times the similarity values. The number of
random curves with steeper slopes than
the observed curve was used to calculate
the latter’s significance value.
Species–area relationship
We applied the classical species–area
model (Arrhenius, 1921) in its logarithmic
form, i.e. LogS=logc+z·logA, where S is
the number of species, A area and c and z
are constants. As some taxa are not
recorded for all the islands we used log
(species richness + 1) as the response
variable when necessary. We then
evaluated the performance in analyses of
these
datasets
of
the
different
mathematical formulations of the GDM general dynamic model of oceanic island
biogeography, a model that explicitly
incorporates the geological history of
islands in a number of variants. Although
it is expected that the number of
indigenous species shows a positive
relationship with area, the relationship
with island age can vary according to the
extent of the geological ages involved,
from positive, to hump-shaped, or
negative (see Triantis et al., 2010a). While
a positive relationship should be expected
for island groups consisting of relatively
young islands (e.g. Azores; Borges &
Hortal, 2009), a hump-shaped relationship
is predicted by the theory/model when a
full range of ages are present, or the
relationship might even be negative if all
islands of the group are old and declining
(see Whittaker et al., 2009), or if the
habitats required for the group in question
decline rapidly (Borges & Hortal, 2009;
Triantis et al., 2010a).
We therefore evaluated three
different models for each taxon. Following
Whittaker et al. (2008; see also Borges &
Hortal, 2009; Triantis et al., 2010a), we
assessed the performance of: (i) the A
model [species richness= log (area)], (ii)
the AT model [species richness=log (area)
+ time], assuming a linear relationship
between time and richness, and (iii) the
ATT2 model [species richness=log (area)
+ time - time2], which assumes that the
relationship with the age of the islands is
hump-shaped. We then compared the two
latter models including time with the
simple semi-log species–area model.
Here, the best model describing species
richness was selected based on the Akaike
Information Criterion (AIC) and the
adjusted R2 values.
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Species–area relationship and archipelagic
species richness prediction
For the taxa with significant ISARs, we
generated a simple index to evaluate the
departure of the archipelagic point (i.e.
the point that refers to the total area and
richness of the island group) from the
richness predicted by extrapolating the
ISAR generated from the data on the
islands to the total area for the whole
archipelago,
following
the
analyses
described in Santos et al. (2010). To do
so, for each taxon we estimated the
species richness predicted by the ISAR
regression model for the archipelago
(SApred) and each of the constituent
islands’ (SIpred), using the fitted values of
the regression model in the case of the
SIpred, and the total land-surface area of
the archipelago as the predictor. We then
calculated the residuals of the regression
model (i.e., observed species richness
minus SIpred) and identified their
maximum absolute value (MaxRes) that
was
expressed
as
a
proportion
(PropMaxRes) of SIpred. If the observed
archipelagic species richness (SAobs) lies
within the bounds of SApred ± (SApred x
PropMaxRes), then we assume that we are
not able to reject the hypothesis that the
archipelago follows the ISAR. Conversely,
if SAobs was outside these bounds, we
assume that this hypothesis can be
rejected, and the archipelago species
richness violates its constituent islands’
SAR (for more details see Santos et al.,
2010).
In order to obtain a measure of
how much the archipelago departs from
the ISAR, we also calculated the
archipelagic residual (ArcRes) as the
residual of the prediction provided be the

SAR using the total area of the
archipelago.
To
enable
comparisons
between different taxa, we standardized
this residual by dividing it by the total
observed richness. We represented ArcRes
as a function of the dispersal ability of
each taxon (molluscs – poor; arthropods,
nematodes and vascular plants – medium;
bryophytes, fungi, lichens, diatoms and
vertebrates – high) to explore if such trait
is related with deviations from the ISAR in
the datasets that yielded significant
regressions (P < 0.05) (for more details
see Santos et al., 2010). No formal
statistical tests were done regarding the
eventual relationship between ArcRes and
dispersal ability, due to the small number
of taxa evaluated. All these analyses were
carried out in STATISTICA 6.0.
3. Results
Data on a total of 3,991
indigenous
species
and
subspecies
belonging to nine groups (fungi, lichens,
diatoms, bryophytes, vascular plants,
nematodes, molluscs, arthropods and
vertebrates) and 371 endemic species and
subspecies belonging to three groups
(vascular plants, molluscs and arthropods)
were evaluated. A large proportion of the
indigenous species and subspecies occur
in only one island (n = 1545; 39%, see
Table 1) and only 7% (n = 271) are
known from all the nine islands. For the
nine groups evaluated, there is a high
correlation between the total diversity of
indigenous taxa and the number of taxa
occurring in one island (r= 0.91; p <
0.001).

Table 1. Statistical test for bimodality of Tokeshi. In all the cases marked with (+) the relationship was
statistically significant at the P<0.05 level. For each taxon we indicate the total number of species and
subspecies (S) and the number of taxa occurring in one and nine islands.
Taxon

Indigenous
Fungi
Lichens
Diatoms
Bryophytes
Vascular plants
Nematodes
Molluscs
Arthropods
Vertebrates
Endemics
Vascular plants
Molluscs
Arthropods

S

S

Left Unimodal

One island

S
Nine
islands

576
725
488
479
225
69
114
1274
41

377
321
212
80
17
39
18
468
13

0
2
2
80
75
0
37
63
12

+
+
+
+

65
49
257

4
10
114

14
9
14

+
+
+
+

+
+

Right Unimodal

Bimodal

+
+

Yes

+

Yes

+

Yes

+
+

Yes
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The nine taxa studied follow three
contrasting
patterns
of
range
size
distribution in the Azorean archipelago
(Table 1, Fig. 1): i) fungi, lichens,
diatoms, nematodes and arthropods
clearly follow a classical left unimodal
distribution (i.e., a "hollow curve"), with
most species having narrow ranges, and
very few being more widespread; ii)
bryophytes, molluscs and vertebrates, on
the contrary, follow a bimodal pattern due

to the existence of a group of widespread
species that occur in almost all islands;
and finally iii) vascular plants present an
uncommon right unimodal distribution,
where most species have a widespread
range, while a few have a narrow range.
For the taxa for which indigenous and
endemics were evaluated the same result
was obtained (see Table 1).

Figure 1. Frequency histogram of species distributions showing the proportion of indigenous species
known in the nine Azorean islands of fungi, lichens, diatoms, bryophytes, vascular plants, nematodes,
molluscs, arthropods and vertebrates.
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The distance decay analyses
reveal disparate patterns between taxa
(Fig. 2). Most of them do not show any
kind of correlation between distance and
similarity. In contrast, Vascular plants and
vertebrates
show
strong
(especially

plants) negative correlations between
distance and similarity (Fig. 2). Lichens
show a slight positive correlation, which
was unexpected and can only be explained
by sampling artefacts, as some islands are
better sampled than other.

Figure 2. Distance decay similarity analyses with the complement of the β-3 beta diversity index for
each taxon (fungi, lichens, diatoms, bryophytes, vascular plants, nematodes, molluscs, arthropods and
vertebrates). Values are for Pearson r correlations; p values were calculated from 1,000 randomizations
(see methods).
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The overall number of species and
subspecies occurring in only one island
(Single Island Indigenous – SII) is highly
correlated with the area of the islands (r =
0.93; p<0.001), being the slope of the
log-log model higher than the unity (log
SII = -1.01 + 1.32 log Area) (Fig. 3).
Interestingly, the density of species per

unit area is relatively even for most taxa
and islands, except for vascular plants,
bryophytes, arthropods and molluscs in
Corvo, and to a less extent in Graciosa
and Santa Maria (Fig. 4). These three
smaller islands host comparatively much
more species in relation to their size than
their larger counterparts.

Figure 3. Relationship between the logarithm of the number of single island indigenous species and
subspecies (SII) and the logarithm of area of the islands for the taxa pooled together.
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Figure 4. Species density of all taxa in each island, measured as the number of species per unit area
(i.e. km2).

The explanatory power of area
alone was, in general, quite high for all
the taxa considered apart from diatoms
and vertebrates, for which the relationship
with area was not statistically significant

(see Table 2 and Fig. 5). Nematodes
showed also a non-significant ISAR when
the two islands with no species were
discarded for the analyses (see Fig. 5).
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Table 2. The species–area relationships for indigenous for the taxa considered. For each case the
coefficient of determination (R2), the F-value and the slope of the relationship (z) is presented. In all the
cases, except for diatoms and vertebrates, the relationship was statistically significant at the P<0.05
level. Nematode richness was modelled as log (S + 1).

Taxon

c

z

R2

F

Fungi

0.577

0.922

0.688

15.443

Lichens

1.685

0.857

0.813

30.430

Diatoms

-

-

0.258

2.439

Bryophytes

74.535

0.241

0.679

14.778

Vascular plants

80.283

0.129

0.496

6.885

Nematodes

0.054

0.963

0.516

7.469

Molluscs

33.301

0.133

0.643

12.591

Arthropods

55.327

0.402

0.848

39.196

Vertebrates

-

-

0.211

1.873

Lichens

Fungi

Diatoms

4.5
4.0

r2 = 0.688; p = 0.006

r2 = 0.813; p < 0.001

r2 = 0.258; p = 0.162

3.5
3.0
2.5
2.0
1.5
1.0
0.5

Log Species Richness

0.0

Bryophytes

Vascular plants

Nematodes

3.2

r 2 = 0.679; p = 0.006

r 2 = 0.496; p = 0.034

r 2 = 0.016; p = 0.811

2.8
2.4
2.0
1.6
1.2
0.8

Molluscs

Arthropods

Vertebrates

3.6

r2 = 0.643; p = 0.009

r2 = 0.848; p < 0.001

r2 = 0.211; p = 0.213
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Figure 5. Relationship between species richness and area for all taxa. Individual islands are represented
by black circles and the archipelagos by grey triangles. The island species–area relationship (ISAR)
predicted by the regression function is shown as a continuous line in each case. The interval defined by
the maximum residual (see text) are represented by the dotted lines. In the case of the Nematodes,
only seven islands are represented as two of them (Corvo and Graciosa) have no records for this taxon.
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Slope values ranged from 0.129 (vascular
plants) to 0.922 (fungi), with upper and
lower quartiles being 0.744 and 0.161,
respectively, the median 0.322 and the
overall mean 0.448 (Table 2). None of the

different area and area-time models
evaluated was selected as the best for all,
or the majority, of the taxa considered
(Table 3).

Table 3. AIC values for the three alternative models fitted to the taxa considered here. Smaller values
indicate better fit. The ATT2 model (equation 1) is compared with the semi-log species–area model (A),
and a simpler diversity–area–time model (AT), where A = area, and T = Time (i.e. island age). All
regression models were significant at p<0.05 unless indicated (NS). The model with the lowest AIC value
is presented in bold. Note that in those cases where the ATT2 model offered the lowest AIC value but a
hump-shaped curve was not observed the next model with the lowest AIC value was selected as the
best.

Taxon

AIC values
2

ATT

AT

A

Fungi

80.164

84.757

82.758

Lichens

76.428

N.S.

58.412

Diatoms

N.S.

N.S.

N.S.

Bryophytes

73.126

71.194

69.494

Vascular plants

57.765

56.421

56.272

Nematodes

-15.053

-16.254

-16.231

Molluscs

31.745

30.553

39.982

Arthropods

86.954

87.274

87.127

Vertebrates

8.572

10.359

N.S.

For all taxa with significant SARs,
the archipelagic point fell inside the
boundaries defined by SApred ± (SApred
x PropMaxRes), and therefore it can be
assumed that the archipelago follows the
same SAR as the one of its constituent
islands (Fig. 5). However, taxa with higher

dispersal abilities present negative values
of ArcRes (Fig. 6), indicating that, in these
cases, the SAR tends to over-predict the
archipelagic richness. On the other hand,
for taxa with low and medium dispersal
ability, the ArcRes tend to under-predict
the archipelagic species richness.

0.06
0.04
0.02

Lichens

Fungi

Bryophytes

Arthropods

-0.04

Vascular plants

-0.02

Molluscs

ArcRes

0

-0.06
-0.08
-0.1

Taxa
Figure 6. Distribution of the archipelagic residual (ArcRes) for the seven taxa with significant SAR,
according to the dispersal ability of each group (black - poor; dark grey – medium; light grey – high).
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4. Discussion
The raw macroecological analyses
presented here reveal the particularities of
the Azorean biota, a highly impoverished
version of some of the Macaronesian
elements found in the distant mainland.
Species-range size distributions rarely
show a bimodal pattern (see Gaston,
1994, 2003; Brown, 1995; Lawton, 1999,
2000; Maurer, 1999; Gaston & Blackburn,
2000).
Thus,
the
untransformed
geographic ranges of some indigenous
Azorean taxa are distributed following a
"hollow curve" (Table 1; Fig. 1). For
example, while most of the endemic
arthropod taxa (about 44%) are known
from only one island, less than 10% of the
taxa occur in six or more islands (Fig. 1).
However, bryophytes, vascular plants
molluscs and vertebrates do not follow
this pattern, with many widespread
Azorean natives and endemics (see Fig.1).
Bryophytes,
molluscs
and
vertebrates show a bimodal distribution
(Fig. 1). We predicted this result for both
bryophytes and vertebrates (which in the
Azores are mainly birds) due to their high
dispersal ability. However, the result
obtained for both indigenous and endemic
molluscs comes as a surprise. Although
terrestrial molluscs usually have small
ranges (Cameron, 1998), the new updated
list of Azorean species and subspecies
includes a large proportion of widespread
taxa. This could be due to a number of
reasons related with: the questionable
assignment of species to the indigenous
status (i.. Helix aspersa, a species that
has been introduced to many areas of the
globe from its original north African
distribution; see also Guiller & Madec,
2010); the ability of many Azorean
terrestrial molluscs to be passively
transported by the wind or birds between
islands, as species able to use these longdistance dispersal modes are prevalent in
the distant Azorean archipelago (see
Gittenberger et al., 2006); and the
introduction of many species, especially
slugs, to most or all the Azorean Islands
through human activities. In contrast, the
lack of "hollow curve" in some groups with
high dispersal (e.g. fungi, lichens and
diatoms) may be an artifact of the low
sampling,
which
results
in
an
overestimation of the left-hand modal
value. A more consistent survey of fungi,
lichens and diatoms may result in these
three groups will also presenting a
bimodal distribution at the Azores, similar
to bryophytes.

Vascular plants are, however,
quite distinct to the rest of the groups,
showing a right unimodal distribution due
to the large proportion of both indigenous
and endemic species occurring in most
islands. This pattern is clearly generated
by the high compositional uniformity of
the Azorean native forest (Sjogren, 1973).
Such pattern of compositional uniformity
might be extensible to other groups. In
fact, the absence of some species in some
of the islands is likely to be due to recent
anthropogenic land-use changes and local
extinctions (see e.g. Cardoso et al., 2010;
Triantis et al., 2010b).
The distance decay analyses
reveal four general distribution patterns of
species among islands. First, vascular
plants and vertebrates were the taxa
showing
negative
correlations.
Such
correlations are due to many species
being shared by neighboring groups of
islands but not by the remaining
archipelago. Examples are the plants
Cerastium azoricum, Euphrazia azorica or
Myosotis azorica, all of which only live in
Flores and Corvo, the Western group of
islands, being absent from the other
islands. On the contrary, the Azorean bat
Nyctalus azoreum occurs on all islands but
these
two.
Second,
molluscs
and
bryophytes include many species that
occupy many islands, showing no obvious
patterns in a distance-decay analysis.
Fungi, lichens, nematodes and diatoms
have many species that only occur in a
single or very few islands, but, as already
mentioned, this may be due to a lack of
sampling in many islands. Undersampling
may cause changes in beta diversity
values
and
such
changes
possibly
influence the observed distance decay
curves; however, by using 1 - β-3 as a
measure of compositional similarity our
analyses may be robust to these spurious
effects (Cardoso et al., 2009). Because
there is no spatial correlation in
undersampling patterns, no corresponding
patterns in distance decay are detected.
Finally, arthropods also lack a distance
decay pattern. This lack of a clear pattern
may be caused by the prevalence of many
species occupying a single island, most
notably the single island endemics (SIE).
Moreover, any previously existing pattern
may have been partly masked by recent
extinctions of taxa in islands with low or
even non-existing native habitat cover
(see Cardoso et al., 2010, Triantis et al.,
2010b). Islands with high proportions of
native cover (Flores, Terceira, Pico) are
near islands with no or low cover (Corvo,
Graciosa and Faial respectively). If many
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species have become extinct in the latter
islands but not in the former, any
previously existing distance decay pattern
could break and be impossible to untangle
today.
The species–area relationship has
been described as one of the few rules in
ecology, being widely applicable across
scales and taxa (Lawton, 1999, 2000;
Rosenzweig, 1995). The relationship
between species richness and area may be
uneven throughout the archipelago. The
three smaller islands show strikingly
higher numbers of species per unit area
than the rest (Fig. 4), evidencing that the
accumulation of species with area is not
linear, hence being better approximated
by logarithmic or power functions (see,
e.g., Rosenzweig, 1995; Lomolino, 2001;
Whittaker & Fernández-Palacios, 2007).
Nevertheless, area appears as a really
good descriptor of the numbers of species
per island at the Azores, both for all taxa
altogether and for most of them. This is
with the exception of the species-poor and
highly-dispersive vertebrates, and the less
studied diatoms and, perhaps, nematodes
(see methods), in what may be a sampling
artefact, as discussed above. However,
island age adds some explanatory power
to the simple area models in several
groups, and in particular to fungi,
arthropods and molluscs. In these groups,
the time since the arousal of each island
may have been enough to allow withinisland diversification due to their short
generation times, and hence faster
diversification rates, in contrast to
vascular
plants
or
lichens.
Similar
differences in the strength and importance
of
the
relationship
between
island
diversity and time and area have been
already shown for the Azores in particular,
and the Macaronesian archipelagos in
general (Whittaker et al., 2008; Borges &
Hortal, 2009; Cardoso et al., 2010;
Triantis et al., 2010a). Having said this,
however, we have to note that in most of
the cases the AIC values were quite
similar for all three models (A, AT and
ATT2), so a clear decision about the best
model could not be made (Table 3; see
discussion in Burham & Anderson, 2004;
Richards, 2008). Critically, the small
number of islands hampers this kind of
analyses, making difficult to discriminate
among concurring models. Thus, although
island age seems to be as relevant as area
in determining the diversity of island
biotas at the Azores, the limited
explanatory power of our analyses
prevents
from
extracting
definitive

conclusions about the relative importance
of each one of these factors.
Although SAR are more often
described for islands within an archipelago
(Rosenzweig,
1995;
Whittaker
&
Fernández-Palacios, 2007), it is not
unusual to add together the species list of
all islands within and archipelago, and
represent this as a single data point in a
representation of the SAR (e.g. Scott,
1972; Wright, 1983; Adler et al., 1995;
Carvajal & Adler, 2005; among others).
Santos et al. (2010) showed that indeed,
archipelagos usually follow the same SAR
as their constituent islands, implying that
they can be considered as distinct entities.
Our results confirm such general pattern,
since for all significant SARs the
archipelago also follows its islands SAR.
Although no statistical tests were used to
infer the relationship between ArcRes and
dispersal ability due to the small number
of datasets, the different Azorean taxa
show an obvious pattern of decreasing
ArcRes with increasing dispersal ability
(Fig. 6). For taxa with lower dispersal
ability the SAR under-predicts the
archipelago species richness, while for
more mobile taxa, the SAR over-predicts
this variable. According to Santos et al.
(2010), the residual variation of the
archipelagic data point is related to
nestedness, with departures from the SAR
being expected in systems that are highly
nested or not nested at all. Again, this is
in agreement with our results, although in
this case the departures of the archipelago
from its SAR are not large enough to
make archipelagic richness significantly
different from the relationship observed in
the islands. However, we can relate, at
least in part, the dispersal ability with
nestedness; arguably, the decrease of
ArcRes with increasing dispersal ability
evidences that highly mobile taxa are less
nested than less mobile ones.
To
summarize,
the
different
macroecological analyses conducted on
the Azorean biota evidence that, in
general,
the
particularities
of
this
archipelago result in some differences to
the patterns commonly found in other
oceanic
archipelagos.
The
extreme
isolation from both the mainland and
between islands within the archipelago,
and the young age of most of the Azorean
islands configure the unique character of
the Azorean biota, which presents
unusually high numbers of widespread
species and low raw numbers of
diversification events (and thus small
numbers of single island endemics)
compared to similar archipelagos (see
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Borges et al., under review). Also, by
comparing an array of groups with
different
dispersal
abilities
and
evolutionary rates, our results evidence
the importance of accounting for the
characteristics of each particular group
while studying its diversity patterns
(Borges & Hortal, 2009). Critically, the
differences between groups result in
different relationships with space (i.e.,
species-range
size
distributions
and
distance decays of similarities), area and
island age, as well as on the departure of
the Archipelagic richness from the SAR
measured in the islands (i.e., a raw
measure of nestedness). Further studies
are however necessary to disentangle how
much of these patterns is due solely to the
limited numbers of lineages that have
managed to colonize this archipelago, and
how much is due to the limited time that
these lineages have had to diversify in
most Azorean islands.
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