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ABSTRACT The heterogeneity of the regional leaf beetle fauna from Galicia in northwestern Spain
is analyzed to determine the influence of Eurosiberian-Mediterranean boundary on Chrysomelidae
assemblages. We compared eight local faunas from both sides of the phytogeographic boundary
between Eurosiberian and Mediterranean regions, taking into account the species richness and
completeness of each inventory, its composition of zoogeographic chorotypes, and beta diversity
between areas. The selected areas were coastal dunes and associated marshes, agricultural landscape
near Santiago de Compostela, Atlantic mixed forest of low altitude in Fragas del Eume Natural Park,
medium-altitude mountain ranges of Dorsal Gallega and Larouco, the temperate valley of the Sil River
and high mountain ranges of Ancares and Eixo-Segundera. Simpson’s index (B,;,,) was selected as beta
diversity measure, to avoid the effect of richness gradients and thus minimize the bias produced by
the uneven sampling effort. A nonmetric multidimensional scaling (NMDS) based on B, was
performed to ordinate the local faunas, and a cluster analysis using the dimensions values for each
inventory was used to recover the major faunistic groups. The Sil Valley is strongly discriminated from
all other inventories by the NMDS and the cluster analysis and presents a ratio between Mediterranean
and Eurosiberian elements markedly higher than the remaining areas. Among the latter, two other
groups are recovered: the southern and eastern mountain ranges located near both sides of Eurosi-
berian-Mediterranean phytogeographic boundary, and the low- and medium-altitude areas closer to
the Atlantic coast. Therefore, zoogeographic distributions of leaf beetle faunas in northwestern Spain
do not fit exactly the standard phytogeographic zonation, because only the Sil Valley is found to have
a distinct Mediterranean-type fauna, whereas Galician mountain ranges included in the phytogeo-
graphic Mediterranean region are clustered with Eurosiberian inventories.

RESUMEN Se analiza la heterogeneidad de la fauna regional de Chrysomelidae de Galicia (noroeste
de Espafia), para determinar la influencia del limite entre las regiones Mediterranea y Eurosiberiana
en las comunidades de Chrysomelidae. Se comparan ocho faunas locales de ambos lados del limite
fitogeogrifico entre las regiones Eurosiberiana y Mediterrdnea, teniendo en cuenta la riqueza y
completitud de cada inventario, su composicién de corotipos zoogeogrificos y la diversidad beta entre
areas. Las dreas seleccionadas fueron los sistemas dunares costeros, el 4rea agricola cercana a Santiago
de Compostela, el bosque atlantico mixto de baja altitud del Parque Natural de las Fragas del Eume,
las sierras de altitud media de la Dorsal Gallega y Larouco, el valle templado del rio Sil y las sierras
de gran altitud de Ancares y Eixo-Segundera. Se eligi6 el indice de Simpson (fB;,,) como medida de
la diversidad beta, con el fin de evitar el efecto de los gradientes de riqueza y por tanto minimizar el
sesgo producido por el esfuerzo de muestreo desigual. Se ordenaron las faunas locales mediante
nonmetric multidimensional scaling (NMDS) basado en B, y se hallaron los principales grupos
faunisticos mediante una clasificacién a partir de los valores de las dimensiones de cada inventario.
El Valle del Sil es discriminado fuertemente del resto de los inventarios por el NMDS y la clasificacién,
y presenta una relaciéon entre elementos mediterraneos y eurosiberianos marcadamente mayor que
las demds 4reas. Entre estas tltimas, se hallan dos grupos: por un lado las sierras meridionales y
orientales cercanas al limite de las regiones Mediterranea y Eurosiberiana, y por el otro a las zonas
de baja y media altitud mas cercanas a la costa atldntica. Por tanto, la distribucién zoogeografica de
los Chrysomelidae en el noroeste de Espafia no coincide exactamente con la zonacién fitogeografica
estandar, ya que sélo el Valle del Sil posee una fauna claramente mediterrdanea, mientras que las sierras
Gallegas incluidas en la region fitogeografica mediterranea se agrupan con otros inventarios eurosi-
berianos.
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KNOWLEDGE ABOUT THE IBERIAN leaf beetle (Coleoptera:
Chrysomelidae) diversity has been notably increased
during the past 30 yr, with many studies dealing with
faunistics of local areas (Daccordi and Petitpierre
1977, Petitpierre 1981, Garcia-Ocejo et al. 1992, Petit-
pierre 1994, Garcia-Ocejo and Gurrea 1995, Petit-
pierre 1997, Petitpierre and Goémez-Zurita 1998,
Baselga and Novoa 2003b) or larger regions (Petitpi-
erre 1980, 1983, 1988; Biondi 1991, Doguet et al. 1996;
Petitpierre 1999, 2000). In Galicia, in northwestern
Spain, only 83 species were cited before 1998 (Lépez
Seoane 1866, Heyden 1870, Chapman and Champion
1907, Iglesias 1928), but a recent study of the leaf
beetle fauna from the region was carried out by the
authors. Some results of this study were published,
including several taxonomic articles (Baselga and No-
voa 2000b, 2002b, ¢, 2003a, 2004a) and faunistic works
on several natural parks and mountain ranges (Novoa
et al. 1998, 1999; Baselga and Novoa 2000a, c, 2002a,
2004b). A complete list of references on the Galician
leaf beetles is available in Baselga and Novoa (2006).
The state of knowledge of the Galician inventory,
along with its degree of completeness based on esti-
mates of species richness, are described in Baselga and
Novoa (2006). In total, 276 species were recorded
from Galicia (Baselga and Novoa 2006, and references
therein), and a species richness between 290 and 323
was estimated using different accumulation models
(Baselga and Novoa 2006). Galicia is mostly located
within Eurosiberian region (Fig. 1), but some south-
eastern areas are included in the Mediterranean re-
gion (Izco 1987, Rivas-Martinez 1987). Also, impor-
tant altitudinal gradients exist between coastal
habitats and inland mountains (=~2,000 m). Therefore,
Galician leaf beetle fauna is not a homogeneous as-
semblage but the combination of distinct local com-
munities associated with different environments
(Baselga and Novoa 2000a, ¢, 2002a).

Distinctness among local faunas is produced by the
change in the identities of species or the spatial turn-
over. Beta diversity captures this fundamental facet on
the spatial pattern of biodiversity, but different kinds
of measures can be applied to presence-absence data
(Koleff et al. 2003): “broad sense” measures (i.e., ex-
tensively used Jaccard or Dice indices) incorporate
differences in composition attributable to species
richness gradients, whereas “narrow sense” measures
focus on compositional differences independent of
richness gradients. Following Koleff et al. (2003), the
latter should be preferred. This is especially true if the
compared local inventories are incompletely and un-
evenly sampled, because “richness gradients” could be
the reflection of sampling effort. However, incom-
pletely sampled fauna are the only available informa-
tion for almost all invertebrate groups, especially for
highly species-rich taxa such as Chrysomelidae, and
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the use of such data is currently the only way to assess
biodiversity patterns. Several studies have shown that
the results of such analyses depict robust and inter-
pretable patterns (Hortal et al. 2000, Hortal et al. 2001,
Summerville et al. 2001, Brehm and Fiedler 2004).

This study aims to identify which local fauna require
further sampling effort, and, taking into account the
available data, to describe the regional faunistic het-
erogeneity of Galician Chrysomelidae assessing beta
diversity among inventories and its differences in the
proportions of chorotypes contributing to each local
fauna.
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Fig. 1. Studied area and sampling localities. (a) Location
of the studied area in the northwest of the Iberian peninsula.
Galicia (shadowed) is located in the boundary between Eu-
rosiberian and Mediterranean phytogeographic regions (dis-
continuous line). (b) Galician areas selected for the com-
parison of local faunas. The squared pattern corresponds to
the 10-km UTM grid (zone 29T, 100-km squares MH, NG,
NH, NJ, PG, PH, and PJ). Each inventory is composed of
several localities marked with the same symbol. See Materials
and Methods for further explanation.
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Materials and Methods

Sampling, Eight local faunas were used in this study
to analyze regional heterogeneity of beetle popula-
tions (Fig. 1): coastal dunes and associated marshes
(Dun, noted as A in Baselga and Novoa 2006), agri-
cultural landscape near Santiago de Compostela (San,
B), Atlantic mixed forest of low altitude in Fragas del
Eume Natural Park (Eum, C), medium-altitude moun-
tain ranges of Dorsal Gallega (Dor, D) and Larouco
(Lar, E), the temperate valley of the Sil River (Sil, G),
and high mountain ranges of Ancares (Anc, F) and
Eixo-Segundera (Seg, H). UTM coordinates (10-km
squares) of each sampling area are reported in Fig, 1.
Larouco, Sil Valley, and Eixo-Segundera are located in
the Mediterranean phytogeographic region; all the
others in the Eurosiberian region (Izco 1987, Rivas-
Martinez 1987). Samplings were carried out between
1996 and 2001, and each area was visited a minimum
of five and a maximum of 15 different days between
February and October. Each sampling day consisted of
5-8 h of direct collecting in two to four different
localities from the same area. Beetles were collected
by sweeping and beating their host plants, including
herbaceous vegetation, scrubs, and trees.

Analytical Methods. To assess the completeness of
the inventories, both asymptotic model and nonpara-
metric estimators (ICE, Chao 2 and jackknife of first
order) were used (Colwell and Coddington 1994).
The rarefaction curve and the nonparametric estima-
tors were generated with Estimate$ 6.0 software (Col-
well 2000), randomizing the sample order 100 times.
Database records were used as a sampling-effort sur-
rogate (Soberén et al. 2000, Hortal et al. 2001, Martin-
Piera and Lobo 2003). Each record is comprised of the
following fields: species name, locality, date, host
plant, number of specimens, and collector. Any dif-
ference in any database field value gives rise to a new
database record, so increments of the number of
records provide correlative increments of the sam-
pling effort (Martin-Piera and Lobo 2003). Thereafter,
the asymptotic Clench function was fitted to the
smoothed curve (Soberén and Llorente 1993, Hortal
etal. 2004):S ) =ae/1 +be,where S, is the number
of species found per sampling effort unit ¢, and a and
b are the parameters of the function. The latter were
adjusted to the data of each curve by means of a
Simplex and Quasi Newton method (StatSoft 2001).
The predicted asymptote is calculated as a/b.

Simpson’s index (B;,,) was used as beta diversity
measure (Koleff et al. 2003): B,;,, = min (b, ¢) / [min (b,
¢) + a], where a is the total number of species that
occur in both areas, b is the total number of species
that occur in the first area but not in the second, and
cis the total number of species that occur in the second
area but not in the first. This index was selected be-
cause it focuses on compositional differences inde-
pendent of species richness gradients, and thus it is a
narrow sense measure of turnover (Koleff et al. 2003).
A distance matrix was constructed with B, for each
pair of faunas, and thereafter used in a nonmetric
multidimensional scaling (NMDS) (Legendre and
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Legendre 1998), generated with STATISTICA 6.0
(StatSoft 2001). The ordination space was reduced to
three dimensions (stress, 0.0089), because the
screeplot showed a small decrease of the stress values
with the addition of further dimensions (Legendre
and Legendre 1998). Thereafter, the matrix for these
three dimensions versus the eight inventories was
used in a cluster analysis, to recover the major groups
of local fauna. The tree was constructed with Clustan
Graphics 6.03 (Clustan 2003), weighting the three
variables after the respective decrease of stress ex-
plained by each dimension and then grouping the
faunas by using Euclidean distance and single linkage.

The selection of this specific methodology is based
on the need to work with incomplete inventories. For
this reason, we have used both asymptotic model and
nonparametric estimators to assess the degree of com-
pleteness of each sampling site (Colwell and Cod-
dington 1994). Simpson’s index was selected as beta
diversity measure because of itsindependence of rich-
ness gradients (Koleff et al. 2003), and NMDS was
chosen as ordination method because it can be applied
to any distance matrix (B, in this case), and it is able
to represent objects in a small number of dimensions
with a minimum loss of information (Legendre and
Legendre 1998). Finally, the clustering methodology
based on NMDS values tries to avoid the subjectivity
in the selection of the agglomeration method (weight-
ed/unweighted, average/centroid linkage) when the
dendrogram is constructed directly after the distance
matrix.

Distribution Patterns. Biogeographic types used in
this study are those assigned to each species in Baselga
and Novoa (2006), following the chorotypes proposed
by Vigna Taglianti et al. (1992) and then grouping
them into four major categories: Iberian elements
(Ibe), for species endemic from the Iberian Peninsula;
Mediterranean elements (Med), for species wide-
spread in the Mediterranean countries; Eurosiberian
elements (Eur), for species widespread in Europe, or
Europe and the Siberian range; and finally, the wide
range elements (WR), for species widespread in all or
a great part of the Palaearctic region, and reaching
parts of both Eurosiberian and Mediterranean areas.
These major divisions are established to make clear
the contrast between Eurosiberian (septentrional)
and Mediterranean (meridional) contributions to
Galician fauna that is located across the Eurosiberian-
Mediterranean boundary. The other two categories
are neutral regarding this aspect, because almost all
Iberian elements are present in both sides of Eurosi-
berian-Mediterranean limit, and WR elements that
reach both regions.

Results

Richness. The Galician inventory nearly reached
completion, because between 85 and 95% of the pre-
dicted taxa were recorded in the region (Baselga and
Novoa 2006). However, the state of completeness is
not homogeneous for all the local inventories (Table
1). Observed richness ranges from 73 species in the
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Table 1. Number of species recorded (S obs), estimates of
species richness (S), and percentage of the estimated value re-
corded for each local fauna

Area S obs Clench ICE Chao 2 Jackknife 1 %S
asymptote recorded
Dun 113 160.8 137.1 137.8 147.9 70.3-82.4
San 104 143.6 1279 1371 137.9 72.4-81.3
Eum 87 137.6 1164 1122 119.9 63.2-77.6
Dor 83 159.2 1353 159.3 127.7 52.1-65.0
Lar 73 154.1 104.7 95.9 107.7 47.4-76.1
Sil 103 211.0 1704 1871 159.7 48.9-64.5
Anc 141 200.9 176.5 1734 186.9 70.2-81.3
Seg 77 154.8 110.8 98.3 111.8 49.7-78.4

Larouco range to 141 in the Ancares range, and the
completeness of the inventories varies from 47.4 to
76.1% in Larouco to 70.3 to 82.4% in the coastal dunes.
The highest estimated value of richness is 160-211
species for Sil Valley and 173-201 species for Ancares
range. A high richness also was estimated for the
coastal dunes with 137-161 species, a group of sam-
pling points occupying a small area compared with the
other localities.

Heterogeneity. To assess beta diversity among the
local faunas of leaf beetles in Galicia, we compared the
eight areas, considering the presence data reported in
Baselga and Novoa (2006). The distance matrix using
Bsim is presented in Table 2. The NMDS generated
after this matrix is shown in Fig. 2. Sil Valley leaf
beetles are unique compared with the other faunas
considered here, because this area is strongly discrim-
inated from all other inventories by dimension 1 (Fig.
2). The other groups seem less delimited in the NMDS,
but inland mountain ranges of Larouco, Ancares, and
Eixo-Segundera are located in the positive values of
dimension 1, whereas the other areas are located in the
negative section.

Major groups of Galician faunas were recovered by
a cluster analysis, by using the matrix for faunas versus
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Table 2.
index (B.in)

Beta diversity between inventories by using Simpson’s

Dun San Eum Dor  Lar Sil Anc  Seg

Dun 0.0000 0.3846 0.4713 0.3976 0.4384 0.5340 0.3982 0.4545
San  0.3846 0.0000 0.3218 0.2892 0.3151 0.5825 0.2500 0.3766
Eum 04713 0.3218 0.0000 0.3494 0.3973 0.5747 0.1954 0.4805
Dor 0.3976 0.2892 0.3494 0.0000 0.4110 0.6024 0.2289 0.5065
Lar 0.4384 0.3151 0.3973 0.4110 0.0000 0.4247 0.1781 0.3562
Sil 05340 0.5825 0.5747 0.6024 0.4247 0.0000 0.3883 0.5065
Anc  0.3982 0.2500 0.1954 0.2289 0.1781 0.3883 0.0000 0.2597
Seg 0.4545 0.3766 0.4805 0.5065 0.3562 0.5065 0.2597 0.0000

dimensions produced by the NMDS. The dendrogram
constructed from this matrix shows three major fau-
nistic groups (Fig. 3). The most isolated fauna is the
fauna from the Sil Valley, as pointed by the ordination
method. The other two clusters are the southern and
eastern mountain ranges of Ancares, Larouco, and
Eixo-Segundera, and the low- and medium-altitude
areas closer to the Atlantic coast: coastal dunes, San-
tiago, Eume Natural Park, and Dorsal Gallega.
Biogeographic Patterns. The whole Galician fauna
of leaf beetles is comprised of about the same pro-
portion of Eurosiberian (19.2%) and Mediterranean
(19.6%) elements. The most abundant taxa are the
wide range elements (45.7%), whereas Iberian ende-
misms represent 15.2%. If we analyze the spatial het-
erogeneity, these percentages vary among the differ-
ent areas (Fig. 4). WR elements reach their greatest
values near 62% in coastal dunes and Santiago,
whereas they become <50% in Ancares, Eixo-Segun-
dera, or Eume. The Iberian endemisms follow the
inverse distribution with only 7.1 and 11.5% in coastal
dunes and Santiago, respectively, but approach 20% in
Eixo-Segundera and Eume Natural Park. The propor-
tion between Med and Eur elements changes from an
unambiguous Mediterranean-type fauna in Sil Valley
(Med, 29.4%; Eur, 9.8%) to a distinct Eurosiberian-
type in Eume Natural Park (Med, 10.2%; Eur, 21.6%).

Dimension 1 vs. Dimension 2 vs. Dimension 3
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Fig. 2. Ordination of Galician local faunas by means of a NMDS based on Simpson’s measure of beta diversity (stress,

0.0089).
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Fig. 3. Dendrogram from the cluster analysis, con-
structed after the matrix for faunas versus dimensions pro-
duced by the NMDS. Euclidean distance and single linkage
were used.

Discussion

The leaf beetle fauna of Galicia is well sampled, and
the completeness of the inventory is very high (85-
95%) (Baselga and Novoa 2006) due to the accumu-
lation of a great number of complementary samplings.
However, this saturation is more difficult to get at a
smaller scale because of the great number of samplings
that would be required for each local area, and thus
some of the analyzed local inventories are not so
complete, with a proportion of recorded species rang-
ing between 47.4 and 76.1% (Larouco) and 70.3 and
82.4% (coastal dunes). Therefore, further sampling
efforts are needed, especially in Dorsal Gallega,
Larouco, Sil Valley, and Eixo-Segundera, to describe
regional faunistic heterogeneity more accurately. Al-
though they are incomplete, the available inventories
represent significant percentages of the leaf beetle
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communities. Moreover, the selection of a beta diver-
sity measure independent of the species richness dif-
ferences should minimize the bias produced by the
uneven sampling effort. For these two reasons, we
consider that the computed beta diversity measures
between the compared areas should reflect the actual
heterogeneity. Further sampling effort in the areas
here considered, as well as the addition of new areas
to the analysis would improve our knowledge of the
beta diversity patterns of leaf beetles in the Eurosi-
berian-Mediterranean boundary of northwestern
Spain, but currently available data are suitable to de-
scribe the major patterns.

Three major groups are found by the NMDS and
cluster analysis. Isolation of leaf beetle fauna from Sil
Valley (Figs. 2 and 3) is clearly due to environmental
factors (i.e., temperature and precipitation), because
no geographical barriers are interposed between this
area and neighbor mountain ranges of Eixo-Segundera
or Ancares. Although other areas, as Larouco and
Eixo-Segundera, are located in the phytogeographic
Mediterranean region, many Mediterranean elements
should be restricted to Sil Valley (Fig. 4), and many
Eurosiberian elements reach the mountains of
Larouco and Eixo-Segundera due to their higher al-
titude. Therefore, the two latter elements are grouped
together with Ancares, which is located in the Euro-
siberian phytogeographic region, to form a cluster of
transitional faunas living in mountain areas from both
sides of the Eurosiberian-Mediaterranean boundary
but with a zoogeographic composition similar to other
Eurosiberian areas (Fig. 4). Hence, it should be em-
phasized that although the Larouco and Eixo-Segun-
dera ranges are included into the phytogeographic
Mediterranean region together with the Sil Valley,
only the latter area has an unambiguous Mediterra-
nean-type Chrysomelidae fauna. In the other group,
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Fig. 4. Percentages of chorotypes found in each local fauna. Abbreviations are explained in text.
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coastal dunes and marshes also present a unique fauna
due to the special conditions of these environments
(e.g., salinity and extreme aridity in sand dunes), but
also share with other inventories some widely distrib-
uted species associated with wetlands. For this reason,
coastal dunes are grouped with the inland Eurosibe-
rian areas, although Mediterranean elements are very
abundant (19.5%) due to the temperate climate and
the aridity of sand dunes.

In summary, this study shows that zoogeographic
distribution of leaf beetle faunas in northwestern
Spain do not fit exactly the standard phytogeographic
zonation (Izco 1987, Rivas-Martinez 1987). Among
the studied localities only Sil Valley has a distinct
Mediterranean-type fauna, whereas other assem-
blages located in the Mediterranean phytogeographic
region are grouped with the Eurosiberian inventories.
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