Journal of Biogeography (J. Biogeogr.) (2005) 32, 1727-1735

ORIGINAL

ARTICLE

Species richness, environmental
heterogeneity and area: a case study
based on land snails in Skyros
archipelago (Aegean Sea, Greece)

K. A. Triantis"?*, M. Mylonasl‘z, M. D. Weiser’, K. Lika?
and K. Vardinoyannis'

'Natural History Museum of Crete, University
of Crete, Irakleio, ZDepartment of Biology,
University of Crete, Irakleio, Greece and
*Department of Ecology and Evolutionary
Biology, University of Arizona, 1041 East
Lowell Street, USA

*Correspondence: K. A. Triantis, Natural
History Museum of Crete, University of Crete,
PO Box 2208, 71409 Knossou Av., Irakleio,
Crete, Greece. E-mail: kostas@nhmc.uoc.gr

ABSTRACT

Aim To test the performance of the choros model in an archipelago using two
measures of environmental heterogeneity. The choros model is a simple, easy-to-
use mathematical relationship which approaches species richness as a combined
function of area and environmental heterogeneity.

Location The archipelago of Skyros in the central Aegean Sea (Greece).

Methods We surveyed land snails on 12 islands of the archipelago. We informed
the choros model with habitat data based on natural history information from the
land snail species assemblage. We contrast this with habitat information taken
from traditional vegetation classification to study the behaviour of choros with
different measures of environmental heterogeneity. R® values and Akaike’s
information criterion (AIC) were used to compare the choros model and the
Arrhenius species—area model. Path analysis was used to evaluate the variance in
species richness explained by area and habitat diversity.

Results Forty-two land snail species were recorded, living in 33 different habitat
types. The choros model with habitat types had more explanatory power than the
classic species—area model and the choros model using vegetation types. This was
true for all islands of the archipelago, as well as for the small islands alone.
Combined effects of area and habitat diversity primarily explain species richness
in the archipelago, but there is a decline when only small islands are considered.
The effects of area are very low both for all the islands of the archipelago, and for
the small islands alone. The variance explained by habitat diversity is low for the
island group as a whole, but significantly increases for the small islands.

Main conclusions The choros model is effective in describing species-richness
patterns of land snails in the Skyros Archipelago, incorporating ecologically
relevant information on habitat occupancy and area. The choros model is more
effective in explaining richness patterns on small islands. When using traditional
vegetation types, the choros model performs worse than the classic species—area
relationship, indicating that use of proxies for habitat diversity may be
problematic. The slopes for choros and Arrhenius models both assert that, for
land snails, the Skyros Archipelago is a portion of a larger biogeographical
province. The choros model, informed by ecologically relevant habitat measures,
in conjunction with path analysis points to the importance of habitat diversity in
island species richness.

Keywords
Aegean Sea, choros model, environmental heterogeneity, habitat diversity, land
snails, small islands, species—area relationship, species richness, vegetation types.
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INTRODUCTION

A fundamental goal of ecology and biogeography is to
identify and understand the factors that enhance or
constrain species richness. The best known pattern in
species diversity is the species—area relationship: the increase
in species richness with increasing area. While the species—
area relationship is one of biogeography’s best documented
patterns, questions remain about its theoretical basis and
empirical shape (Rosenzweig, 1995; Lomolino & Weiser,
2001).

There have been many attempts to identify and measure the
factors that contribute to the strikingly orderly relationship
between area and species diversity (e.g. MacArthur & Wilson,
1967; Rosenzweig, 1995). Many mechanisms have been
proposed to account for species—area relationships (e.g.
Whittaker, 1998; Connor & McCoy, 2000), but the two most
widely accepted are the habitat diversity hypothesis (Williams,
1964) and the area per se hypothesis (Preston, 1962a,b;
Simberloff, 1976; Rosenzweig, 1995). Despite attempts to
establish the primacy of one over the other, habitat diversity
and area per se are not mutually exclusive mechanisms. They
are supplementary, and may operate individually or in
combination to drive species—area relationships (Connor &
McCoy, 1979, 2000; Kohn & Walsh, 1994; Rosenzweig, 1995;
Ricklefs & Lovette, 1999). Therefore the goal should be to
understand how area and habitat diversity interact to create
patterns of richness. At least four models have been proposed
that attempt to combine the effects of area and habitat
diversity on species richness (Buckley, 1982; Rafe et al., 1985;
Tjorve, 2002; Triantis et al., 2003). The two first models have
generally been neglected, mainly due to their tenuous
assumptions and degrees of complexity. Here we investigate
further the relatively simpler choros model of Triantis et al.
(2003).

The choros model posits that overall area and habitat
complexity interact multiplicatively to predict species richness
better than is predicted by area alone (Triantis et al., 2003).
The term choros (K) is simply the total area (A) of a region
multiplied by the number of habitat types (H) within that
region: K = A X H. The species richness (S) of the region is
function, such that
S = ¢(A x H)* = ¢K®. This relationship is an extension of

then expressed as a power

the simpler species—area relationship S = cA® (Arrhenius,
1921). The structure of the choros model is similar to the
‘species—energy’ relationship proposed by Wright (1983) and
Wright et al. (1993), who used a multiplicative formula of area
and actual evapotranspiration (AET), area X AET, to estimate
the energetic resources available.

A comparison of fit of the choros model and the classic
species—area relationship showed that choros was more
effective in 20 of 22 cases. Thus, the species richness in each
case study is better explained by area x habitat (the choros K)
rather than area alone (Triantis et al., 2003). The choros
model also shows improved prediction for other systems
(Watson, 1964; Sillen & Solbreck, 1977; Cowie, 1995;

Lawesson et al., 1998; Medail & Vidal, 1998; Perry et al,
1998; Steadman & Freifeld, 1998; Granados et al., 2001;
Watson, 2003; K.A.T., unpubl. data).

Here we compare directly the explanatory performance of
the choros and area models. We incorporate and evaluate the
performance of two measures of habitat diversity (H): one
based on the observed ecology of land snails; the other based
on traditional vegetation types. Additionally, we focus on the
performance of the choros model in describing species richness
on small islands.

METHODS

Study area

The archipelago of Skyros lies in the central Aegean Sea. The
largest island of the archipelago is Skyros, with a total area of
208 km? which rises to an elevation of 792 m. About 20 small
islets are found within the isobath of 200 m around the island
of Skyros (Fig. 1).

The geological formations of Skyros consist mainly of
limestone (66%), schist (22%) and neogene formations (7%)
(Melentis, 1973). Islets are mainly limestone (Melentis, 1973).
Only the islet of Exo Diavatis does not consist of a calcareous
substrate, but of semi-metamorphic clastic formations (mainly
gneiss; M.M., pers. obs.). The climate is characterized as
thermo-mediterranean, with a long, dry period beginning at
the end of April and ending in early October. The mean annual
rainfall is 543 mm and the mean annual temperature is
18.1 °C (Andreakos, 1978).

Pine forests with Pinus halepensis Miller, maquis with
Juniperus phoenicea L., and lush vegetation cover the north-
west part of Skyros. In contrast, south-east Skyros is rocky
and mountainous; covered by phrygana and degraded maquis
with Quercus coccifera L. (Dafis et al., 1996). Maquis,
phrygana and grasses dominate the remaining islands of the
archipelago.

We visited the archipelago of Skyros during late June 2001,
early January and late April 2002. Land snails in the Aegean
exhibit varying biological cycles (Mylonas & Vardinoyannis,
2001; Parmakelis & Mylonas, 2002). Thus the three different
sampling periods give relatively complete knowledge of habitat
preference. We collected land snail species by hand from
12 islands of the group (Fig. 1; Table 1). We surveyed 23 sites
on Skyros, spread throughout the island, aiming at sampling
all different biotopes present (Fig. 1). On the smaller islands,
the land snails were sampled from the whole area of the island.
Each locality was sampled by at least three experts until no new
species were found. Approximately 3 L of litter and topsoil
were removed from each locality, taken from patches likely to
yield litter-dwelling micro-snails. The litter and topsoil sam-
ples were sieved and searched in the laboratory, discarding
material passing through a 0.4-mm mesh. The presence of
species at each locality was recorded, but abundance was not
estimated. All collections are deposited in the Natural History
Museum of Crete.
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Table 1 Area, number of species and number of habitat types for
islands of the Skyros archipelago included in this analysis

Table 2 Habitat matrix used to describe habitat types occupied
by land snails in the Skyros archipelago

Number of Number of

Area habitat vegetation
Island (km?) Species  types types
Skyros (Skr) 208 42 33 7
Valaxa (Val) 4.33 21 18 4
Skyropoula (Sky) 383 20 22 5
Sarakino (Sar) 3.34 16 22 5
Platia (Pla) 0.62 15 18 4
Erineia (Eri) 0.53 14 11 3
Koulouri (Kou) 0.29 14 9 3
Mesa Diavatis (MeD) 0.039 10 5 2
Exo Diavatis (ExD) 0.018 4 2 4
Lakkonisi (Lak) 0.016 7 5 2
Agios Fokas (AgF) 0.003 7 5 1
Thalia (Thl) 0.002 6 5 1

Habitat diversity

We used two measures of habitat diversity. The first is
informed by the ecology and biology of land snails; the second
is based on traditional vegetation types commonly used in
ecological studies (Nilsson et al., 1988; Ricklefs & Lovette,
1999; Davidar et al., 2001).

First, we defined habitats using a habitat matrix with eight
different biotopes in the vertical axis (pine forest, shrublands,
meadow, cultivation, settlements, salt marsh, pebbly beach,
sandy beach) and six elements of the biotopes in the horizontal
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Elements of biotope

Biotope Stones Pile of stones Rock Bush or plant Soil Litter

Pine forest
Shrubland
Meadow
Cultivation
Settlements
Salt march
Pebbly beach
Sandy beach

axis (stones, pile of stones, rock, soil, bush or plant, litter).
Thus there are 48 possible combinations of biotope and
element (Table 2). For each collection, we recorded biotope
and element.

Seven different vegetation types were defined for the island
group (generally following Dafis et al., 1996): pine forest,
maquis, phrygana, cultivation, coastal vegetation, riparian
vegetation and grassland.

Statistical methods

Choros was estimated for habitat types (Ky) (using the habitat
matrix) and for vegetation types (Ky). Since the choros
equation and the classic species—area equation are both power
functions, by using the logarithm of the two models we obtain
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linear relations of log(S) and log(A), log(Ky) and log(Ky),

respectively:

log(S) = log(c) + zlog(A) (1)
and

log(S) = log(c) + zlog(Ky) (2)
and

log(S) = log(c) + zlog(Ky) (3)

We used the conventional logarithmic transformations for
purposes of comparison. All regressions and estimations of
parameters were carried out following Sincich et al. (1999).
We used Student’s test to check for differences between the
slopes of the three equations (Zar, 1984).

For comparison of the models, as a measure of goodness of
fit we used the R® values and the more general Akaike’s
information criterion (AIC). As the models have the same
number of fitted parameters, R> values are comparable without
any modification (Kvalseth, 1985; Loehle, 1990). The differ-
ence in AIC values (AAIC = AIC; — AIC;) indicates the best
model, since the model with the lowest AIC value is considered
to be better (Sakamoto et al, 1986; Burnham & Anderson,
2002). We also performed a comparison of the choros model
with the classic equation for the small islands (<1 km?) of the
archipelago.

Path analysis with correlated causes (Li, 1975; Sokal & Rohlf,
1981; Grace & Pugesek, 1997, 1998; Legendre & Legendre,
1998) is used to assess the relative direct and indirect effects of
predictor or causal variables, according to an a priori model.
Path analysis is useful for distinguishing the role of multiple
collinear variables (e.g. area and habitat diversity) in respect of
various response variables. In general, we follow the approach
of Kohn & Walsh (1994). According to the model used,
habitats directly affect species richness, while area affects
species richness in two ways: directly, as a straightforward
factor; and indirectly, through habitats (Fig. 5 of Kohn &
Walsh, 1994). In this path model the explained variance of
species richness is of three types: (1) variance in species
richness that is associated only with area (area’s unique
variance explanation); (2) variance in species richness that is
associated only with habitat diversity (habitat diversity’s
unique variance explanation); and (3) variance in species
richness that is explained by both area and habitat diversity.
This sum yields the R* of the multiple regression (Li, 1975).
The magnitude of the shared variance is proportional to the
magnitude of correlation between area and habitat diversity
(Li, 1975; Legendre & Legendre, 1998; J.B. Grace, pers. comm.).

RESULTS

In total, 42 land snail species were collected from the 12 islands
examined. Island size ranged from 0.002 to 208 km?. Species
richness by island ranged from four to 42 species (Table 1).
Land snails occupied 33 of the 48 possible biotope/element
combinations in the habitat matrix, which are considered as
the habitat types (Table 3). All 42 species, seven vegetation

types (Table 4), and the 33 habitat types (biotope/element
combinations) were found on the largest island, Skyros. The
smallest islands (Agios Fokas and Thalia) had a single
vegetation type (phrygana) and five habitat types.

For all islands, area alone was highly correlated with species
richness (equation la), for islands <1.0 km?, this correlation
was also significant, but with reduced fit (equation 1b):

log(Sar) = 1.19 4+ 0.18 log(A)(R* = 0.88,P < 0.001)  (la)

10g(Soman) = 1.19 + 0.17 log(A) (R* = 0.67, P < 0.05)  (1b)

The choros model using traditional vegetation types (Ky)
was less predictive than area alone:

log(Sar) = 1.10 + 0.15log(Ky)(R* = 0.83, P < 0.001)  (2a)

10g(Sqmatt) = 1.09 + 0.13 log(Ky ) (R> = 0.55,P < 0.05)  (2b)

The choros model using biotope/element combinations (Ky)
was a better predictor of species richness than area (A) and
choros with vegetation types (Ky), both for all the islands of the
archipelago (equation 3a) and the small islands alone (equa-
tion 3b):

log(Sa1) = 1.03 + 0.15log(Ky ) (R? = 0.91,P < 0.001)  (3a)

log(Ssman) = 1.04 +0.15log(Ky ) (R* = 0.79, P < 0.001)  (3b)

The AIC values were lower for the choros model with habitat
types (Ky) than with traditional vegetation types (Ky) and for
area alone (A), indicating the better fit of the choros model
with habitat types (Ky) (Table 5).

For the data sets analysed here, the slope estimates for the
two choros versions were lower than those for area alone, but
no significant statistical differences were found.

The number of habitat types in each island was positively
correlated with the area: log (H) = 1.11 + 0.22 log (A), (R? =
0.79, P < 0.001). The correlation between vegetation types and
area was also positive, with a lower correlation coefficient,
log (V) = 0.16 + 0.55 log (A), (R* = 0.74, P < 0.001).

Path analysis was used to evaluate the effects of area and
habitat diversity on variation in species richness. For all islands
of the archipelago, we calculated that 4% of species richness is
associated only with area; 6% with habitat diversity; 84% is
explained by both area and habitat diversity; and 6% of the
variance remains unexplained. Thus, due to the strong
correlation of area with habitat diversity, the magnitude of
the shared variance is very high.

For the small islands, 5% of the species richness is associated
only with area; 24% with habitat diversity; and 62% is
explained by both area and habitat diversity. The unexplained
variance for the small islands is 9%.

DISCUSSION

Knowledge of how species interact with their environment is of
obvious importance to understanding large-scale patterns of
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Table 3 Habitat types used in this study,
and the islands where each is present

A test of the choros model

Habitat

Islands*

Stones in forest

Stones in shrublands
Stones in meadows
Stones in cultivation
Stones in settlement
Stones in salt march
Stones in sandy beach
Stones in pebbly beach
Pile of stones in forest

Skr

Skr, Val, Sky, Sar, Pla, Eri, Kou, MeD, Lak, AgF, Thl, ExD

Skr, Val, Sky, Sar, Eri

Skr, Val, Sky, Sar, Pla, Kou
Skr, Val, Sky, Sar, Pla

Skr

Skr, Sar

Skr, Sky, Pla

Skr

Pile of stones in shrublands
Pile of stones in meadows
Pile of stones in cultivation
Pile of stones in sandy beach
Pile of stones in pebbly beach

Rock in forest

Rock in shrublands

Rock in meadow

Skr, Val, Sky, Sar, Pla, Eri, Kou, MeD, Lak, AgF, Thl
Skr, Val, Sky, Sar, Eri

Skr, Val, Sky, Sar, Pla, Kou

Skr, Sar

Skr, Sky, Pla

Skr

Skr, Val, Sky, Sar, Pla, Eri, Kou

Skr, Val, Sky, Sar, Eri

Bushes or plants in forest Skr

Bushes or plants in shrublands
Bushes or plants meadows
Bushes or plants in cultivation
Bushes or plants in settlement
Bushes or plants in sandy beach
Bushes or plants in pebbly beach

Soil in forest

Soil in shrublands
Soil in meadow
Soil in cultivation

Soil in settlement

Soil in sandy beach
Soil in pebbly beach

Litter in forest

Litter in shrublands

Skr, Val, Sky, Sar, Pla, Eri, Kou, MeD, Lak, AgF, Thl
Skr, Val, Sky, Sar, Eri

Skr, Val, Sky, Sar, Pla, Kou

Skr, Val, Sky, Sar, Pla

Skr, Sar

Skr, Sky, Pla

Skr

Skr, Val, Sky, Sar, Pla, Eri, Kou, MeD, Lak, AgF, Thl, ExD
Skr, Val, Sky, Sar, Eri

Skr, Val, Sky, Sar, Pla, Kou

Skr, Val, Sky, Sar, Pla

Skr, Sar

Skr, Sky, Pla

Skr

Skr, Val, Sky, Sar, Pla, Eri, Kou, MeD, Lak, AgF, Thl

*See Table 1 for island codes.

Table 4 Vegetation types used in this study, and the islands
where each is present

Vegetation Islands*

Pine forest Skr

Maquis Skr, Val, Sky, Sar, Pla, Eri, Kou,
MeD, Lak, ExD

Phrygana Skr, Val, Sky, Sar, Pla, Eri, Kou,
MeD, Lak, AgF, Thl, ExD

Cultivation Skr, Val, Sky, Sar, Pla, Kou

Coastal vegetation Skr, Sky, Sar, Pla, ExD
Riparian vegetation Skr

Grassland Skr, Val, Sky, Sar, Eri, ExD

*See Table 1 for island codes.

diversity as well as more local ecological patterns (Watson,
1964; Brown, 1995; Rosenzweig, 1995; Gaston, 2000). Our
results offer several lines of evidence that environmental
heterogeneity, studied through the habitat types occupied by
land snails, is central to patterns of land snail species richness on

Table 5 Slope and AIC values for equations 1-3

Data set Model Slope value AAIC

All islands Species area (equation la) 0.18 —52.64
Choros model (Ky, equation 2a) 0.15 —48.67
Choros model (Ky, equation 3a) 0.15 —56.28

Small islands Species area (equation 1b) 0.17 —-31.06
Choros model (Ky, equation 2b) 0.13 —28.42
Choros model (Ky, equation 3b) 0.16 —-33.91

the Skyros archipelago. The choros model has more explanatory
power than area alone. While the increase in fit (R* and AIC) is
not great between area alone and choros, these results, together
with the findings of Triantis et al (2003), show that the
increased fit of choros over area alone is relatively consistent.
Area and number of habitats are strongly interconnected
(Harner & Harper, 1976; Rafe et al., 1985; Gibson, 1986;
Rosenzweig, 1995). The strong intercorrelation of area and
habitat diversity probably results from the interdependence of
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area and the presence of specific habitat types (Whitehead &
Jones, 1969; Kohn & Walsh, 1994). Certain habitat types (in
our case the habitat types related to salt marshes and pine
forests) occur only on the largest island, Skyros. Other habitats,
such as those associated with beaches and anthropogenic
biotopes (cultivation, settlement), are not found on the smaller
islands. The results of path analysis indicate that the variance
in species richness explained by the intercorrelation of area and
habitat diversity, and habitat diversity alone, is dramatically
higher compared with the variance explained by area alone, for
both small islands and the archipelago as a whole.

The increase in fit of the choros model over area alone is
more apparent in the subset of small islands. As the
contribution of habitat diversity is more intense at finer scales
(Schmida & Wilson, 1985), diversity on small islands may be
influenced by habitat diversity more than larger islands. On
small islands, an increase in species number, along with the
increase in area, is usually not observed or is very erratic (the
‘small-island effect’: Niering, 1963; MacArthur & Wilson, 1967;
Whitehead & Jones, 1969; Woodroffe, 1986; Lomolino, 2000;
Lomolino & Weiser, 2001; Williamson et al., 2001). Environ-
mental heterogeneity then becomes one of the main determi-
nants of how many species will maintain populations (Botsaris,
1996; Losos, 1996; Whittaker, 1998; Lomolino & Weiser,
2001). Our path analysis showed that the effects of area were
low, and that habitat diversity effects were greater on small
islands than in the archipelago as a whole. Moreover, the
variance explained by both area and habitat diversity on small
islands was lower than for all the islands of the archipelago. At
this scale, as environmental heterogeneity becomes one of the
main determinants of species persistence, and as area and
available habitats become increasingly decoupled, area alone
cannot efficiently express the total effects of habitat diversity
and island size on species richness, and the choros model is
more effective at explaining patterns of diversity on small
islands.

Inclusion of habitat diversity in models attempting to
explain variation in species richness is not new (Buckley, 1982;
Rafe et al., 1985; Deshaye & Morisset, 1988; Kohn & Walsh,
1994; Tjerve, 2002). The utility and novelty of the choros
model are not necessarily due to the better fit to observed data,
but arise from the relative simplicity of the technique, as well
as the increased explanatory power of the model. Choros is a
concept that holds not only quantitative but also qualitative
information for the area under study, facilitating a more
appropriate approach to mechanisms responsible for the
establishment of species richness.

The results of Triantis et al. (2003) indicate that the
inclusion of a measure of environmental heterogeneity in the
choros model across 22 studies of disparate taxa (notwith-
standing that habitat types were defined differently by
ecologists) leads to a more effective description of species
richness compared with the classic species—area relationship, in
91% of the cases. However, the results of this study argue that
using habitat diversity measures informed by the natural his-
tory of the focal taxon should act to increase the explanatory

power (fit) of the choros model. In the present work, inclusion
of vegetation types as the measure of habitat diversity in the
choros model (Ky) fitted the data less well than area alone. That
is in accordance with an extensive literature indicating that the
occurrence of land snail species is not related to the vegetation
types of an area (e.g., Cain, 1983; Heller, 1988). Thus, using
habitat diversity measures not informed by the natural history
of the focal taxon (e.g. traditional vegetation types as habitat
diversity for snails) should be undertaken with caution.
Nevertheless, for some animal taxa, vegetation types appear
to reflect the habitat diversity experienced by these groups
(Tews et al., 2004).

Within the present data set, the island Exo Diavatis
demonstrates the importance of using ecologically relevant
measures of habitat diversity. Exo Diavatis had the lowest
species richness and the lowest habitat diversity, despite being
larger and having more vegetation types than several other
islands (Lakkonisi, Agios Fokas and Thalia). Exo Diavatis is the
only island in the archipelago without limestone, an important
resource for many land snails (Mylonas, 1982; Tompa, 1984;
Goodfriend, 1986). Thus, the use of vegetation types fails to
describe the ecologically relevant habitat diversity for land
snails.

A major obstacle for the broader study of habitat diversity
effects has been the disparity between how organisms experi-
ence habitat, and how ecologists have operationally defined
habitat. This has led to multiple meanings of ‘habitat’ to
ecologists (Hall et al., 1997; Dennis et al., 2003). Thus practical
guidance to the recognition of habitat is lacking, and
consequently habitats are described with a lack of precision
(Rosenzweig, 1995). Additionally, habitat specialization and
differentiation within the focal taxon is inexorably linked to
the influence of habitat diversity on richness patterns. If
organisms randomly occupy habitats as defined by ecologists,
the assumption that the habitats have meaning to the taxon is
invalid. Accurate description of habitat is essential, as the
influence of habitat on richness is dependent on the degree of
habitat specialization and differentiation (Hart & Horwitz,
1991; Ricklefs & Lovette, 1999). Greater habitat specialization
within the focal taxon will increase the influence of habitat
diversity on richness. We have estimated that 12 of the 42 land
snail species in the Skyros archipelago are habitat specialists
(Triantis, 2002). Greater similarity between inferred habitat
definitions and organisms’ perceptions of habitat should
increase the ability to detect the signal of habitat diversity.

As far as the z values are concerned, the choros model
exhibits similar behaviour to the classic species—area relation-
ship (Triantis et al., 2003). The slopes (z values) of the area-
richness and choros-richness models are 0.18 and 0.16,
respectively; and both place the Skyros archipelago land snails
in the ‘within biogeographical province’ (intraprovincial)
category (Rosenzweig, 1995, 2004). While we present an
explanatory model of species richness, the typical goal of such
analyses is to create predictive models of species richness,
avoiding the need to collect exhaustive natural history and
habitat occupancy data. Further tests of the predictive ability of
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the choros model would be to look at other archipelagos within
the biotic province, such as the Northern Sporades or Euboean
Islands, using the z and c¢ values estimated from the island
group of Skyros.

MacArthur & Wilson (1967) pointed out that ‘in the
absence of good information on diversity of habitats, we first
turn to island areas’. Thirty-eight years later, habitat diversity
is still difficult to assess in a standardized way, while easily
measured parameters such as island area, elevation and
distance from the mainland are predominantly used. Here
we offer a method of examining the importance of habitat
diversity to island species richness. The choros model, informed
by ecologically relevant habitat measures, in conjunction with
path analysis, points to the importance of environmental
heterogeneity in island species richness. Nevertheless, this
analysis suggests caution in the use of proxy measures of
habitat diversity. Further development of these methods
should focus on developing tests of the assumptions under-
lying how species and ecologists ‘perceive’” habitats (K.A.T. and
co-workers, unpubl. data).
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