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Environmental and geographical determinants of beta
diversity of leaf beetles (Coleoptera: Chrysomelidae)

in the Iberian Peninsula
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Abstract. 1. The effect and relative importance of both environmental and geographic
factors on species turnover of Chrysomelidae assemblages in the Iberian Peninsula was

explored.

2. Ordination and classification analysis of species lists from well-sampled local
areas identified two main biogegraphic groups of inventories, discriminating between
Eurosiberian and Mediterranean faunas.

3. After describing this pattern, the underlying determinants were explored, separating

pure from combined effects of environment and geography by means of partial canonical
correspondence analysis.

4. Results indicate that pure effects of environment and geographic position are of
similar magnitude (about 20% of the variation from each), and quite important in
comparison with combined effects.

5. The power of the pure effect of geographical variables, together with beta-diversity
independence of species richness gradients, point to the inadequacy of environmental
measurement explanation of beta-diversity patterns, and to the existence of a major
component of geographical variation independent of environment.

Key words. Betadiversity, Chrysomelidae, environment, geography, Iberian Peninsula,

partial canonical correspondence analysis.

Introduction

A central issue in ecology, the identification of factors that
determine biodiversity patterns and, more precisely, the
causes that contribute to beta diversity, has important implica-
tions for conservation and management decisions (e.g.
Rosenzweig, 1995; Tuomisto et al., 2003). Beta diversity, a
measure of variability in site assemblage composition, has
been seen as determined mainly by environmental differences
among locations; the more similar the environment, the more
similar the fauna (Whittaker, 1960). This environmental con-
trol of assemblage composition distinguishes ecological mod-
els, to which historical processes make no contribution, from
biogeographical ones taking possibly longer-period spatial
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and historical processes into account (Halffter & Moreno,
2005). The latter explain diversity patterns in terms of both
environmental causes acting at present and of past historical
events (Nekola & White, 1999).

Recent studies have recognised the contribution to assem-
blage dissimilarity made by geographic distance, which ex-
plains more variation in faunistic dissimilarity than does
environment (Duivenvoorden et al., 2002; Tuomisto et al.,
2003; Genner et al., 2004; Qian et al., 2005). Area connected-
ness (Hortal er al., 2005) and its interplay with demographic
factors and colonisation possibilities probably make distance
variables relevant, since environmental variable weight is
highly dependent on the dispersal capabilities of each taxo-
nomic group (Araujo & Pearson, 2005). These findings high-
light the role of historical factors, and particularly species
dispersion capacity, in the shaping of assemblage structure.
More attention has been paid to dispersal history since the
introduction of the neutral theory (Hubbell, 2001), in which
coexistence is due to historical determination of species dis-
persal or to newly created species location.
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Determining the relative effect of environment and geogra-
phy, which account for those spatial and historical events, is
crucial for understanding beta-diversity patterns. However,
the observed correlation of environmental and geographical
factors often makes their comparative relevance difficult to
determine (Quinn & Dunham, 1983). Partitioning techniques
help separate pure from combined effects (Borcard et al.,
1992). Variations in assemblage composition have tradition-
ally been studied using the Mantel test, which, according to
Legendre er al. (2005), ‘does not provide estimates of the
contribution of individual variables to the overall Mantel cor-
relation’. Variance in the distance matrix is not a measure of
beta diversity (Legendre et al., 2005), but a measure of varia-
tion of beta diversity (Tuomisto & Ruokolainen, 2006).
Therefore, canonical partitioning is appropriate for analysis
of variation in assemblage composition, whereas matrix
correlation is adequate for analysis of variation in beta diver-
sity (Tuomisto & Ruokolainen, 2006). The present study of
the effect of geographical and environmental variables on as-
semblage composition uses the canonical approach.

Between 630 (Vela & Bastazo, 1999) and 800 species of
Chrysomelidae (Petitpierre, 2000) are present in the Iberian pe-
ninsula, and about 20% of these taxa are endemic. The com-
paratively high proportion of endemisms [e.g. 6.3% in Italy or
1.1% in Bulgaria (Vela & Bastazo, 1999)] suggests that geo-
graphical isolation has played an important role for Iberian
fauna, especially considering that Chrysomelidae species are
usually widely distributed. While the greatest part of the Iberian
peninsula belongs to the phytogeographic Mediterranean region,
its northern regions are included in the Eurosiberian region
(Rivas-Martinez, 1987). Powerful vegetation conditioning (it-
self conditioned by environmental and geographical factors) of
leaf-beetle fauna causes a marked compositional turnover across

Fig. 1. Location of the 17 local inventories
in the Iberian peninsula. The dotted line rep-
resents the boundary between Eurosiberian
and Mediterranean phytogeographic regions.
See Table 1 for abbreviations.
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the Eurosiberian-Mediterranean boundary (Baselga & Novoa,
2005). Using reliable local leaf-beetle inventories, this work
aims to establish the relative weight of environmental and
geographic influence on the composition of Iberian Peninsula
leaf-beetle assemblages.

Materials and methods
Biological data

Seventeen inventories composed of several local sampling
points were analysed for beta diversity of Iberian leaf beetles
(Fig. 1 and Table 1). Completeness of all inventories was as-
sessed from species accumulation curves and using both as-
ymptotic extrapolation models and non-parametric estimators
(ICE, Chao 2 and first-order jackknife) (Colwell &
Coddington, 1994; Colwell, 2004, and see Baselga & Novoa,
2005 for details on our analyses). Accumulation curves were
nearly asymptotic and estimations suggest quite reliable in-
ventories analysed in previous studies (Baselga & Novoa,
2005). Similar percentages of completeness were found for
Que (Baselga & Novoa, in press), Xis (completeness about
59.7-68.0%), Arr (61.5-71.5%), Leo (46.6-62.7%), and Ara
(68.0-85.5%) (A. Baselga, unpublished data). Completeness
of the remaining inventories (species lists without capture
data) could not be assessed due to lack of suitable data but in
the authors’ opinion the richness recorded in Gua, Gre, Alb,
and Caz is of a comparable completeness. In any case, these
17 inventories include 428 species, between one half and
two-thirds of the estimated total number of Iberian
Chrysomelidae (depending on the different estimations: Vela
& Bastazo, 1999; Petitpierre, 2000).
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Table 1. Local inventories, sources of the data, and characterisation according to the Iberian peninsula phytogeographic zonation (following Rivas-

Martinez, 1987).

Inventory Description Source Phytogeographic region
Alb Eastern mountain range of Albarracin Petitpierre (1981) Mediterranean
Anc High mountain range of Ancares Baselga & Novoa (2006) Eurosiberian
Ara Ardn valley in Catalonian Pyrenees Petitpierre (1994) Eurosiberian
Arr Temperate valley of Arribes del Duero Baselga & Novoa (2003) Mediterranean
Caz Southern mountain range of Cazorla Daccordi & Petitpierre (1977) Mediterranean
Dor Medium altitude mountain range of Dorsal Gallega Baselga & Novoa (2006) Eurosiberian
Dun Galician coastal dunes and associated marshes Baselga & Novoa (2006) Eurosiberian
Eum Atlantic mixed forest of low altitude in Fragas Baselga & Novoa (2006) Eurosiberian
del Eume Natural Park

Gre Central Iberian mountain range of Gredos Garcia-Ocejo et al. (1992) Mediterranean
Gua Central Iberian mountain range of Guadarrama Garcia-Ocejo & Gurrea (1995) Mediterranean
Lar Medium altitude mountain range of Larouco Baselga & Novoa (2006) Mediterranean
Leo Mountain region of Ledn Petitpierre & Gomez-Zurita (1998) Eurosiberian
Que High mountain range of Queixa Baselga & Novoa (in press) Eurosiberian
San Agricultural landscape near Santiago de Compostela Baselga & Novoa (2006) Eurosiberian
Seg High mountain range of Eixo-Segundera Baselga & Novoa (2006) Mediterranean
Sil Temperate valley of the Sil river Baselga & Novoa (2006) Mediterranean
Xis Medium altitude mountain range of Xistral Baselga & Novoa (unpublished) Eurosiberian

Analytical methods

Iberian fauna heterogeneity was analysed with the beta-
Simpson index (B, ) and the dissimilarity matrix resulting
therefrom because of its focus on compositional differences in-
dependent of species richness gradients, making it a narrow
sense measure of turnover (Koleff et al., 2003). Ordination of
leaf-beetle assemblages was based on this faunistic dissimilarity
matrix, which was submitted to a nonparametric multidimen-
sional scaling analysis (NMDS, see Legendre & Legendre,
1998) performed with Statistica 6.0 (StatSoft, 2001). The first
two dimensions were extracted and their scores in the 17 inven-
tories were submitted to a cluster analysis to identify the major
groups of local faunas. Axes were weighted according to the
explanatory capacity of each dimension (stress values) to obtain
a more reliable faunistic regionalisation (Hortal et al., 2003). A
dendrogram was drawn taking Euclidean distance as the meas-
ure of resemblance and average linkage procedure (Legendre &
Legendre, 1998) as the linkage rule, with Clustan Graphics
software (Clustan, 2003).

Once the faunistic pattern was described, the influence on
Iberian leaf-beetle assemblages of environmental variables and
geographic position was determined. Following Legendre ef al.
(2005), Canonical partitioning properly partitions the variation
of community composition data among environmental and
geographical components. Canonical correspondence analysis
(CCA) operates on a raw table of presence—absence data con-
strained by one of the matrices below, calculating the amount
of variation in species data (sum of canonical eigenvalues)
explained by the respective sets of variables included in each
constraining matrix (Borcard et al., 1992). Partial CCA (pCCA)
eliminates the effects of each variable (covariable) on the
others, yielding values of pure effects (Borcard et al., 1992).
Significances of CCA tests were computed using the method
of permutations (Legendre & Legendre, 1998). CCA and pCCA

tests were computed in R (R Development Core Team, 2004)
using the VEGAN package (Oksanen et al., 2005).
Four constraining matrices were built:

(1) Environmental. Correlations between the two NMDS
dimensions and a number of environmental factors were tested
for, and those variables significantly correlated were used to build
the environmental matrix. This assured that the environmental
factors used to characterise inventory areas were relevant in
determining the composition of Chrysomelidae assemblages.
Environmental variables (annual precipitation, precipitation of
each season, mean annual temperature, minimum temperature of
the coldest month, maximum temperature of the hottest month,
and temperature range) for each sampling location were extracted
from an Iberian Peninsula GIS database (1-km resolution)
using IDRISI (Clark Labs, 2000). Mean values for each variable
were calculated for each inventory area. All climate variables were
courtesy of the Spanish Instituto Nacional de Meteorologia. In
order to avoid spurious increments of the amount of explained
variation due to the large number of variables (overfitting), envi-
ronmental variables were submitted to a principal components
analysis, and the first three axes (explaining 96.5% of environ-
mental variation) were used to build the constraining environmen-
tal matrix.

(2) Geographic. UTM (Universal Transverse Mercator
system) coordinates (x, y, at 1-km resolution) of localities in-
cluded in each inventory were used to calculate the centroid of
each area. The geographic matrix was composed of x, y and x*y
(in order to reflect the interaction between latitude and longi-
tude). Other spatial patterns would be detected if all terms of a
cubic trend surface regression were included (Borcard et al.,
1992), but the small number of inventories would lead to
overfitting from such a large set of variables in the constraining
geographical matrix. As a result, only linear spatial gradients
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were analysed (geographic distance) but not more complex
spatial patterns (patchiness).

(3) Area. A matrix reflecting area differences was built to
eliminate their possible effect on richness of inventories of
each location and on faunistic matrices in subsequent analy-
sis. Inventory areas were estimated using minimum convex
polygons (convex hulls; the smallest polygon in which no
internal angle exceeds 180°) containing all sampling loca-
tions (O’Rourke, 1998). Convex hulls were calculated in R
(R Development Core Team, 2004) using the ADEHABITAT
package (Calenge, 2005). Because Dun inventory sampling
locations were scattered, convex hulls there would yield
an unreliably large area, so Dun area was assumed to be simi-
lar to the Dor inventory area of a similar number of 10-km
UTM squares.

(4) Richness. To test for the effect of richness patterns on ob-
served beta diversity, a simple CCA test constraining the raw
composition table with a richness matrix was performed.

Results

The ordination performed using NMDS (stress = 0.13; Fig. 2)
yielded a clear latitudinal gradient. A positive Pearson correla-
tion was found between latitude and dimension 1 (r = 0.86,
P < 0.05), while a positive correlation was found between
dimension 2 and longitude (r = 0.79, P < 0.05). The scores of
these two dimensions were also correlated with different envi-
ronmental variables (Table 2), indicating that dimension 1 is
mainly related with precipitation, summer temperatures and
temperature range, whereas dimension 2 is related with mean
annual, spring, autumn, and winter temperatures. Cluster analy-
sis clearly discriminated two main groups, separating the
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Table 2. Pearson correlations between faunistic compositional dimen-
sions 1 and 2, and the environmental and geographical variables. Sig-
nificant correlations (P < 0.05) are in boldface.

Variables Dimension 1 Dimension 2
Spring mean temperature -0.15 -0.73
Summer mean temperature —0.72 —-0.38
Autumn mean temperature -0.21 -0.73
Winter mean temperature 0.17 —0.73
Annual mean temperature -0.24 -0.70
Winter minimum temperature 0.19 —0.76
Summer maximum temperature —0.88 -0.13
Temperature range -0.76 0.47
Spring precipitation 0.60 -0.03
Summer precipitation 0.73 0.43
Autumn precipitation 0.67 -0.26
Winter precipitation 0.53 -0.40
Annual precipitation 0.68 -0.19

Mediterranean inventories (Sil, Arr, Gua, Gre, Alb, Caz) from
the Eurosiberian (Fig. 3), which also included some mountain
localities with Eurosiberian-type leaf-beetle assemblages (Lar
and Seg) located in the Mediterranean phytogeographic region
(see Baselga & Novoa, 2005). In contrast, the adjacent Sil
Valley, with unambiguous Mediterranean Chrysomelidae fauna
similar to other southern inventories, was discriminated from
other Galician inventories. Among Eurosiberian inventories, the
Ara Pyrenean inventory was found to be the most different
fauna; north-western inventories were split in one group of
mountain ranges close to the Mediterranean region; the other
group of lowlands and medium altitude mountains closer to the
Atlantic coast.

Simple CCA tests constraining faunistic table by geographic or
environmental matrices yielded amounts of explained variation
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Fig. 2. Ordination of Iberian local faunas by 1.0
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Fig. 3. Classification tree of the inventories based on species composi-
tion. Euclidean distance was used as distance measure and the average
linkage method as linkage rule. Inventories located in the Mediterranean
phytogeographic region are marked with an asterisk.

of 35.3% (pseudo-F = 2.36, P < 0.001) and 28.5% (pseudo-
F = 1.73, P < 0.001) respectively. Since the available data
refer to local faunas collected in areas of different size
(Fig. 1), the area effect was tested for first. Eliminating the
effect of area, the amount of variation explained by pCCA tests
was only very slightly diminished (0.6% in the case of geo-
graphical variables and 0.5% for environment). As area differ-
ences did not bias the results, the effect of area was not
considered in subsequent analyses. Partition of the observed
variation among geographic and environmental sets of variables,
by means of pCCA tests, yielded a pure geographical distance
effect of 25.9% (pseudo-F = 1.89, P < 0.001) and a pure envi-
ronmental effect of 19.1% (pseudo-F = 1.39, P = 0.014). The
shared effect of both sets of variables accounted for 9.4% of
variation, leaving 45.6% of variation unexplained. Finally, the
simple CCA test constraining the raw composition table with a
richness matrix yielded an amount of explained variation of
only 7.5%, but this relation was found to be not significant
(pseudo-F = 1.21, P = 0.22).

Discussion

Factors influencing species turnover among local faunas are
usually a combination of both environmental and geograph-
ical variables (Borcard ef al., 1992) and determining their re-
lative weighting is crucial for understanding the shaping of
biogeographic patterns (Duivenvoorden et al., 2002; Genner
etal.,2004; Hortal et al., 2005). In the present study, geographical
variation of assemblages yields two well-defined areas of
Eurosiberian and Mediterranean influence respectively. As the
analysis was not designed to divide the Iberian Peninsula into
biogeographical units, direct comparison with other studies
dealing with this topic cannot be made. Operational geographic
units and grain size influence on the regionalisation pattern

obtained (Marquez et al., 2001) make comparisons of results
difficult. Nevertheless, there are some broadly coincident pat-
terns, such as the singularity of the north-eastern area, separat-
ing the Pyrenees from the Cantabric mountains (Garcia-Barros
et al.,2002; Hortal et al., 2003; Moreno Saiz et al., 1998), or the
well-defined Astur—Galaic region in the north-western corner of
the peninsula (Garcia-Barros et al., 2002; Hortal et al., 2003).

Although a great amount of variation is yet to be explained,
the results of the present study highlight the similar contribution
of geographical and environmental determinants to the shaping
of this turnover pattern, with the pure geography fraction of
greater weight than the pure fraction attributed to environment.
Due to the geographical structure of environmental variables,
the amount of shared variation found by the pCCA test is low
compared with that of pure fractions, suggesting that environ-
mental variable weight is quite independent of geographical
location. Environmental variables play an important role in
determining species composition not only throughout the entire
Iberian Peninsula, but probably especially within the pro-
nounced environmental gradient over the very restricted
Eurosiberian—-Mediterranean boundary area (Baselga & Novoa,
2005). As a great part of our inventories fall within this biogeo-
graphical boundary, environment is especially relevant, making
caution necessary when extrapolating conclusions to the whole
Iberian territory.

Although most Chrysomelidae are flying winged beetles with
wide distribution ranges, turnover among the analysed sites
should have been constrained by well recognised Iberian physi-
ographic barriers (e.g. Quinteiro et al., 2005; Ribera & Vogler,
2004). Thus, geographic variation of Iberian leaf-beetle assem-
blages would seem to be the consequence of current environ-
mental conditions, but also probably of factors related to
colonisation that inhibit species occurrence in a priori suitable
environmental conditions. It is hypothesised that the weight of
geographic position is due to the dispersal capacity of leaf bee-
tles not in ecological time, but principally in historical time.
Quartering in climatic refugia and subsequent population diver-
gence might have led to the high endemicity of Iberian leaf-beetle
fauna, and thus the greater relative weight of geography in
determining beta diversity. In other words, present environmen-
tal conditions alone are not sufficient to explain geographical
beta-diversity patterns in Iberian Peninsula leaf beetles. Of
course, as in every study of environmental and geographical
patterns where the environment can never be completely repre-
sented by the chosen variables, the pure space fraction may con-
tain environmental structure from unmeasured environmental
variables. Due to the number of climatic factors relevant at a
regional scale used in this study, any remaining unmeasured cli-
matic variable may have little relevance in the space fraction.
One of those unaccounted-for environmental factors, floral
composition, powerfully determines Chrysomelidae diversity
patterns due to the direct trophic relation between leaf beetles
and plants. Lack of detailed knowledge of plant composition in
inventoried areas made inclusion of vegetation in the present
analysis impossible. Although floristic turnover patterns are
partially accounted for by climatic factors (and thus included in
our environmental fraction), probably their largest proportion is
determined by historic events, as shown by Lobo er al. (2001)
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for Iberian peninsula plant richness patterns (and so to a large
extent included in our geographical fraction). Inclusion of a
vegetation variable in the analysis would reduce the weight of
pure geography.

The influence of species richness gradients on turnover pat-
terns is related to the determinants of beta diversity (Harrison ez al.,
1992). The observed replacement pattern may be indirectly re-
lated to environmental and geographical variables via their de-
termination of the richness pattern. The lack of significance of
the variation explained by the CCA test constrained by the rich-
ness matrix implies that the observed pattern of beta diversity is
nearly independent of richness variation. Such beta-diversity
independence of richness gradients suggests that Iberian leaf-
beetle species ranges are non-nested, probably due to the ab-
sence of a strong linear environmental gradient in the region.
The considerable environmental heterogeneity of the Iberian
Peninsula has promoted well-differentiated assemblages not
only because of environmental differences, but also because of
the above-mentioned historical processes.

As a final consideration, it should be noted that even after
30 years of a relevant inventorying of Iberian leaf beetles
(from Daccordi & Petitpierre, 1977 to Baselga & Novoa, in
press), current data are still not complete. Present work shows
that major patterns of beta diversity of Iberian Chrysomelidae
can begin to be described with the appropriate statistical tools.
However, those powerful tools by themselves can not supplant
complete information. Analysis of the effect of strong envi-
ronmental gradients, such those occurring at the Eurosiberian—
Mediterranean boundary, or the description of a general
pattern to be extrapolated to the entire Iberian peninsula,
require further sampling effort. If needed for Iberian
Chrysomelidae, not a poorly known group, then such further
sampling should be indispensable for the accurate description
of beta diversity of any invertebrates. Therefore, funding ba-
sic taxonomic and faunistic studies is important for our under-
standing of biodiversity.
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