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Diversity Patterns in Iberian Calathus (Coleoptera, Carabidae: Harpalinae):

Species Turnover Shows a Story Overlooked by Species Richness
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ABSTRACT We assessed the relationships between diversity patterns of Iberian Calathus and
current environmental gradients or broad-scale spatial constraints, using 50-km grid cells as sampling
units. We assessed the completeness of the inventories using nonparametric estimators to avoid
spurious results based on sampling biases. We modeled species richness and beta diversity, using spatial
position, and 23 topographical, climatic, and geological variables as predictors in regression and
constrained analysis of principal coordinates modeling. Geographical situation does not seem to affect
Calathus species richness, because no spatial pattern was detected. The environmental variables only
explained 23% of the variation in richness. Spatial and environmental predictors explained a large part
of the variation in species composition (58%). The fraction shared by both groups of variables was
relatively large, but the pure effect of each model was still important. Our results show that it is
necessary to assess the completeness of inventories to avoid drawing false conclusions. Also, Iberian
Calathus represent a clear example of the need for combined analyses of species richness and beta
diversity patterns, because the lack of patterns in the former does not imply the invariance of biotic
communities.
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Most studies on patterns of species richness and beta
diversity have been conducted on well-studied ver-
tebrate and plant groups (Baquero and Telleria 2001,
Lobo et al. 2001, Rodriguez and Arita 2004, Rodriguez
et al. 2005, Gaston et al. 2007, Montoya et al. 2007,
Svenning and Skov 2007b, Whittaker et al. 2007), even
though the highest levels of biodiversity are found
among invertebrates (Erwin 1991, Odegaard 2000). In
the Palaearctic region, despite existing work on Eu-
ropean Lepidoptera (Dennis et al. 1998, Hawkins and
Porter 2003) or Coleoptera groups as dung beetles
(Lobo et al. 2002, Lobo and Martin-Piera 2002, Lobo
et al. 2004, Cabrero-Saiiudo and Lobo 2006) and long-
horn beetles (Baselga 2008), more invertebrate stud-
ies of this type are still needed. However, inverte-
brates are rarely selected as study organisms in
biogeographical research because of the scarcity of
published faunistic information. The lack of informa-
tion leads to geographical biases in biodiversity pat-
terns derived from raw databases (Hortal et al. 2007),
and it is obvious that biased biodiversity patterns could
produce spurious correlations with environmental
and spatial variables. It is thus important to determine
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to what extent the inventories are complete, a meth-
odology that has been widely explored (Soberén and
Llorente 1993, Soberén et al. 2000, Hortal et al. 2001,
Martin-Piera and Lobo 2003, Petersen et al. 2003,
Meier and Dikow 2004, Baselga and Novoa 2006, Hor-
tal et al. 2006, Lobo 2008).

In those regions for which the sampling effort could
be considered adequate, the assessment of species
richness (alpha diversity) and the variation in species
composition (beta diversity) can be addressed as a
means of determining which factors are responsible of
diversity patterns. The relative importance of current
and past environmental conditions, neutral processes
and the evolutionary history of taxa as causal drivers
of diversity patterns have not yet been clarified (Rick-
lefs 2006). Strong correlations have been found be-
tween species richness patterns and current environ-
mental conditions (Hawkins et al. 2003, Whittaker et
al. 2007). However, the causal link is not clear and,
although richness-environment correlations are
strong, they could simply result because both variables
are similarly structured in space (Bahn and McGill
2007, Currie 2007). In the case of beta diversity, much
less research has been devoted to its large-scale pat-
terns (but see Rodriguez and Arita 2004, Qian et al.
2005, Gaston et al. 2007, McKnight et al. 2007, Qian and
Ricklefs 2007, Baselga 2008), but variation in species
composition is usually also related to environmental
gradients. However, purely spatial patterns indepen-
dent of climatic conditions are in general more marked
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in composition (Qian et al. 2005, Baselga and Jiménez-
Valverde 2007, Baselga 2008) than in richness patterns,
suggesting a greater importance of neutral dispersion
and historical effects on beta diversity. Also, historical
factors such as past climate (Svenning and Skov 2007b,
Aratjo et al. 2008), climatic stability (Hawkins et al.
2006), and postglacial recolonization processes (He-
witt 2004, Svenning and Skov 2007a) have been shown
to be correlated with the observed patterns of species
richness and beta diversity (Graham 2006). Therefore,
macroecological analyses such as this one need to
consider the influence of environmental factors (both
present and past ones) and historical factors as neutral
dispersal processes or evolutionary patterns in biodi-
versity patterns (Ricklefs 2006).

The following macroecological analysis concen-
trates on the species of a large ground beetle genus
that are present in the Iberian Peninsula and the
Balearic Islands (Fig. 1A). The genus Calathus Bonelli
consists of 177 species arranged in 10 subgenera. It is
represented throughout Holarctica and in the moun-
tains of the northern portion of both the Oriental and
Neotropical Regions (Ball and Bousquet 2001). Al-
though recorded from many different types of habi-
tats, most of the members of this genus, including,
above all, those with the most restricted distributions,
are associated with upland areas. In the Iberian Pen-
insula, there are 23 species, 14 (70%) of which are
endemic to the peninsula (Gafdn and Novoa 2005).
The presence of so many endemic species is closely
linked to the role of the Iberian Peninsula as glacial
refuge, because glaciated areas are obviously affected
by episodes of extinction (Willis and Niklas 2004) and
are less prone to witness quite as many speciation
processes (Ribera and Vogler 2004). The Iberian Pen-
insula was able to conserve much of its fauna during
this period, but once the ice retreated, the Pyrenees
and other barriers halted the spread of many Iberian
elements into the rest of Europe (Hewitt 1999, 2004).
Iberian Calathus assemblages are thus a good model to
assess the relevance of different factors on richness
gradients and turnover processes for taxa with a great
proportion of southern endemics. This kind of taxa
represents the most peculiar faunas of Europe and is
the main source of European biodiversity as well.

In sum, this study aims to assess the interrelation
between diversity patterns and current environmental
gradients or broad-scale spatial constraints that could
reflect historical diversification processes, dispersal
limitation, or stochastic colonization events. There-
fore, a spatially explicit analysis was performed,
searching for the pure effects of environment or spa-
tial position and the shared effects of the spatially
structured environmental gradients (Borcard et al.
1992). The rationale is that spatial variables submitted
after environmental ones can aid in detection of ef-
fects that have not been accounted for, such as geo-
graphical or historical effects (Ricklefs 2006), as well
as to measure the spatial structure of the environmen-
tal variables. The latter is important because the biotic
variation explained by the shared fraction of environ-
ment and space cannot be unambiguously attributed
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to any of the predictors (Currie 2007). This analysis
aims to test (1) the relevance of data quality (i.e.,
inventory completeness) on the modeling of biodi-
versity—environment relationships and (2) the two
following hypotheses: richness gradients of Iberian
Calathus are related with contemporary water and
energy variables, as has been found in other taxonomic
groups (Hawkins et al. 2003); and species turnover
patterns in Iberian Calathus are independent of rich-
ness gradients, being determined by both environ-
mental factors and spatial constraints that reflect
dispersal limitation of assemblages.

Materials and Methods

Analysis of the Completeness of Existing Invento-
ries. To describe patterns of diversity and analyze its
causes, good-quality data are essential. Biological in-
ventories must be complete enough to reflect real
patterns of biodiversity, because the use of incomplete
inventories can lead to erroneous conclusions (Gotelli
and Colwell 2001). As a first step, a database contain-
ing all records—from collections and from the existing
bibliography—for each species was built. Each record
contained the following fields: species, locality, Uni-
versal Transversal Mercator (UTM) coordinates, date,
and collector or bibliographical source. Any change in
a field creates a new record. Greater sampling effort
produces more records (Martin-Piera and Lobo 2003,
Lobo 2008); thus, the number of records was used as
asurrogate or proxy for the sampling effort carried out.
In total, 5,475 records—2,864 from studied material
(10,864 individuals) and 2,607 from bibliographical
sources—were included. All records with erroneous
or doubtful data were excluded.

Once the database was complete, each record was
situated on a map of the Iberian Peninsula and the
Balearic Islands divided up into 50-km UTM grid cells
(275 grid cells of 2,500 km?) using IDRISI (CLARK
LABS 2000) to assess the presence and the number of
records for each species in each grid cell. The ob-
served richness in each grid cell is provided in Fig. 1B.
A total of 80 grid cells with less than eight records or
with a land surface area of <1,390 km? were omitted
from the analysis. To quantify the degree of complete-
ness of the inventories from each grid cell, the four
nonparametric estimators recommended by Hortal et
al. (2006) were calculated: ICE, Chao 2, Jackknife 1,
and Jackknife 2. These estimators were computed us-
ing EstimateS 7.5 (Colwell 2005). The mean of these
four estimators was taken as a good estimate of the real
species richness of each grid cell. An arbitrary cut-off
point was established, whereby those grid cells in
which the observed species richness was equal to or
>85% of the estimated species richness were consid-
ered to be well sampled: the inventories for these grid
cells were thus used in the subsequent analyses.

Species Richness Analysis. Taking into account only
well sampled grid cells and their estimated species
richness, a total of 25 spatial (UTM X and Y coordi-
nates), topoclimatic (factors related to altitude, tem-
perature, and precipitation), and geological (percent-
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Fig. 1. Study area and geographical patterns of species richness and species composition using 50-km UTM grid cells as

sampling units. (A) Study area and main physiographic features cited in the text. (B) Scores of observed species richness
(gray tones). (C) Scores of estimated completeness (gray tones) and grid cells lacking enough data (white). (D) Scores of
estimated species richness in well sampled grid cells (gray tones) and grid cells discarded for analyses (white). (E) Main
faunal groups yielded by the cluster analysis based on the NMDS performed with Simpson similarity measure. (F) Secondary
faunal groups yielded by the former analysis using a more restricted cut-off point.

age of acidic and basic rocks) variables (Table 1) were
analyzed to test their relative importance in deter-
mining species richness in the genus Calathus. The
climatic variables were obtained from WorldClim 1.4
layers (Hijmans et al. 2005), and mean values were
calculated for each grid cell (with a resolution of 8.3

km) using IDRISI (CLARK LABS 2000). Geological
variables were obtained by digitizing an Iberian map
(Instituto Geografico Nacional 1995). As spatial vari-
ables, the nine terms of a third degree polynomial of
the X and Y coordinates were used (trend surface
analysis, see Legendre and Legendre 1998).
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Table 1. Description of predictor variables used in the analyses
Code Description

X Mean UTM X coordinate

Y Mean UTM Y coordinate

Alt Mean altitude

Alt_Range Altitudinal range

BIOI1 Annual mean temperature

BIO2 Mean diurnal range (mean of monthly maximum
temperature — minimum temperature)

BIO3 Isothermality (BIO2/BIO7) (x100)

BIO4 Temperature seasonality (SD X 100)

BIO5 Maximum temperature of the warmest month

BIO6 Minimum temperature of the coldest month

BIO7 Temperature annual range (BIO5-BIO6)

BIOS Mean temperature of the wettest quarter

BIO9 Mean temperature of the driest quarter

BIO10 Mean temperature of the warmest quarter

BIO11 Mean temperature of the coldest quarter

BIO12 Annual precipitation

BIO13 Precipitation of the wettest month

BIO14 Precipitation of the driest month

BIO15 Precipitation seasonality (coefficient of variation)

BIO16 Precipitation of the wettest quarter

BIO17 Precipitation of the driest quarter

BIO18 Precipitation of the warmest quarter

BIO19 Precipitation of the coldest quarter

Acid Percentage of surface occupied by acid rocks

Basic Percentage of surface occupied by basic rocks

The relationships between estimated species rich-
ness and the 25 predictor variables were performed by
calculating multiple regression models (Legendre and
Legendre 1998) with Statistica 6.0 (StatSoft 2001).
First of all, simple regression models were constructed
for the estimated richness against linear, quadratic,
and cubic equations of each variable to determine
independently significant relationships for each one.
Using only those variables that were significant in the
simple regressions, a new model for each group of
variables (space, topography, climate, and soils) was
constructed with variables selected for each of the
final models by means of a backward stepwise proce-
dure. Finally, a partition of the variance explained by
a complete model (space + topography + climate +
soils) was performed to determine both the pure and
combined effects of each group of variables (Leg-
endre and Legendre 1998). Such an approach allows
us to calculate how much of the total variance is
explained, as well as identify the portions of explained
variability that are shared by different sets of variables
and those that are independent (Borcard et al. 1992).

As an assessment of the effect of sampling biases on
the observed richness patterns and how these biases
could affect the picture of spatial and environmental
correlates, we have also performed the same simple
regression models mentioned above, but using the 233
grid cells with at least one record. Therefore, we tested
for the relationship between observed richness with
linear, quadratic, and cubic functions of each spatial
and environmental variable. Just for comparison, be-
cause we consider these relationships to be spurious
because of sampling biases, a multiple regression
model was constructed using a backward stepwise
procedure, but variation was not partitioned.
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Species Turnover Analysis. The variation in the spe-
cies composition (beta diversity) between well-sam-
pled grid cells was analyzed. On the basis of a pres-
ence-absence matrix of the species found in each grid
cell, a distance matrix using Simpson’s index of beta
diversity (Bg.) was calculated using PAST v. 1.77
(Hammer et al. 2001). This index has the property of
being independent of richness gradients between grid
cells and thus can be used to search for differences in
species composition that are not caused by differences
in species richness (Koleff et al. 2003). This is a way
of guaranteeing that richness patterns (alpha diver-
sity) do not bias the observed patterns of species
turnover (beta diversity) (Baselga 2007, 2008).

An ordination of the grid cells was based on the
faunal distance matrix, which was submitted to a non-
metric multidimensional scaling analysis (NMDS)
(Legendre and Legendre 1998) performed with Sta-
tistica 6.0 (StatSoft 2001). The number of dimensions
was selected using a scree-plot procedure: stress value
decreased from 0.227 for two dimensions to 0.092 for
six dimensions. Finally, five dimensions were ex-
tracted (stress = 0.109). The position of each grid cell
in all five dimensions was submitted to a cluster anal-
ysis to identify the main faunal groups. A dendrogram
was drawn with Statistica 6.0, taking the Euclidean
distance in that five-dimensional space as the mea-
surement of resemblance between the grid cells and
an unweighted pair-group average as the linkage rule.
The significance of the faunal groups yielded by the
cluster analysis was assessed by means of the ANOSIM
tests computed with R (R Development Core Team
2006) using the vegan package (Oksanen et al. 2007).

Next, the spatial and environmental variables influ-
encing patterns of beta diversity were searched for. A
constrained analysis of principal coordinates (CAP)
was performed in R using the “capscale” command of
the vegan package (Oksanen et al. 2007) to analyze the
relationships between variation in species composi-
tion in the studied grid cells and two sets-spatial and
environmental of predictor variables. CAP was se-
lected as the-ordination procedure because it allows
any dissimilarity index to be used as a measurement of
distance. Thus, B,;,.., which is not influenced by rich-
ness variation, can be selected.

The same predictor variables were used as in the
richness analysis, considering all the environmental
variables as a single set (climate + altitude + geology).
As spatial variables, the nine terms of a third degree
polynomial of the X and Y coordinates were used
(trend surface analysis, see Legendre and Legendre
1998). These variables were used as predictors to ex-
plain the ordination and yielded a spatial and an en-
vironmental model. Given that the order of inclusion
of the variables in the model affects the significance
obtained from the permutation tests (vegan command
“permutest”; Oksanen et al. 2007), the amount by
which the explained variation was reduced because of
the elimination of a single variable (compared with
the complete model) was tested before the final anal-
ysis. This allowed the variables to be ranked in order
of their independent contribution to the total variance
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in the response variable (from greatest to least). The
variables were introduced into the model in this order
and their significance calculated using permutation
tests. Only significant variables were retained (P <
0.05) to avoid overfitting caused by the inclusion of
nonsignificant terms. Finally, to calculate the fractions
of variation explained by each model a partial CAP was
performed, eliminating the effects of each model (co-
variable) on the other to determine the pure effect of
each one (Borcard et al. 1992).

Results

Completeness of Inventories. The inventories of 72
grid cells reached a degree of completeness =85%
(Fig. 1C) and thus were considered to be well sam-
pled. It is clear that the majority of well-sampled
squares coincide with the mountainous regions of the
Galaico-Duriense massif, the Basque Mountains, the
Pyrenees, the Spanish Central System, the Catalonian
Mountains, and both Iberian systems. In addition, a
clear difference between the north and the south of
the Peninsula in terms of the sampling effort is shown:
in the south, only the Sierra Nevada and the northeast
of the Betic Mountains can be said to have been well
sampled. Elsewhere, it is clear that the Balearic Islands
have not been well prospected and that only the Sierra
de Monchique has been well sampled in the southwest
of the Peninsula.

These results show that there are many areas of the
Iberian Peninsula and Balearic Islands that to date
have been insufficiently prospected and whose biodi-
versity is still relatively poorly known. On the basis of
the analysis of the completeness of the inventories, we
can elicit the fact that the situation of the best sampled
areas is slightly biased to mountainous regions (mean
altitude of all grid cells = 663 m asl, mean altitude of
well sampled grid cells = 833 m), a difference being
significant (¢ = 3.30, P = 0.001). Likewise, sampling
effort is biased to the northern half of the Iberian
Peninsula (mean Y of all grid cells = 4,503,673 m, mean
Y of well sampled grid cells = 4,567,361 m, t = 2.21, P =
0.03).

Patterns of Species Richness. Figure 1D shows the
estimated richness of each of those well-sampled grid
cells. The analysis of the well-sampled grid cells
showed that only altitude, altitudinal range, annual
mean temperature (Biol), daily temperature range
(Bio2), mean temperature of the wettest season
(Bio8), mean temperature of the coldest season
(Bioll), and the percentage of acidic rocks (Acid)
were significant when they were regressed indepen-
dently against estimated species richness (Table 2).
With the exception of the model for Bio2, which es-
tablished a quadratic relationship with estimated rich-
ness, all the other relationships with richness were
linear, with positive correlations for Alt and Acid and
negative for Biol, Bio8, and Bioll.

Nevertheless, geographical situation did not seem
to affect Calathus species richness, because no spatial
pattern correlated to latitude or longitude was de-
tected. Environmental models for topography (with
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Table 2. Relationships between predictors and estimated spe-
cies richness and models for each group of variables, considering

only well-sampled grid cells (n = 72)

Variable Function (sign)  R? (%) F df P
X NS 3.7 2.684 1,70 0.106
Y NS 1.0 0.708 1,70 0.403
XY NS 3.0 218 1,70 0.145
X2 NS 41 299 1,70 0.088
¥ NS 1.0 0.67 1,70 0.415
XY NS 3.7 2.70 1,70 0.105
Xy? NS 24 1.70 1,70 0.196
X3 NS 4.2 310 1,70 0.083
) NS 0.9 064 1,70 0.427
Alt Linear (+) 7.2 5405 1,70 0.023
Alt_range Linear (+) 12.3 9.80 1,70 0.003
Biol Linear (—) 6.5 4848 1,70 0.031
Bio2 Quadratic (+, =) 95 3604 269  0.032
Bio3 NS 0.4 0.308 1,70 0.581
Bio4 NS 0.5 0.350 1,70 0.556
Bio5 NS 1.3 0.890 1,70 0.349
Bio6 NS 52 3.825 1,70 0.054
Bio7 NS 0.3 0244 1,70 0.623
Bio8 Linear (—) 15.7 13.054 1,70 0.001
Bio9 NS 0.0 0.001 1,70 0.976
Biol0 NS 42 3.075 1,70 0.084
Bioll Linear (—) 6.7 5.020 1,70 0.028
Biol2 NS 2.3 1.665 1,70 0.201
Biol3 NS 2.4 1.738 1,70 0.192
Biol4 NS 0.1 0.104 1,70 0.748
Biol5 NS 0.0 0.001 1,70 0.970
Biol6 NS 2.4 1.725 1,70 0.193
Biol7 NS 0.2 0.146 1,70 0.704
Biol8 NS 0.0 0.002 1,70 0.966
Biol9 NS 0.0 0.002 1,70 0.966
Acid Linear (+) 9.2 7125 1,70 0.009
Basic NS 0.3 0.176 1,70 0.676
Model for T  Alt_range 12.3 9.80 1,70 0.003
Model for C Bio8 15.7 13.054 1,70 0.001
Model for G Acid 92 7.125 1,70 0.009
Model for T~ Alt_range + Bio8 22.8 6.711 3,68 <0.001
+C+G + acid

T, C, and G are the topographic, climatic, and geological models,
respectively.
NS, not sigificant.

Altand Alt_Range), geology (Acid), and climate (Biol,
Bio8, and Biol1) were constructed; the backward step-
wise procedure only retained Alt_Range in the topo-
graphic model and Bio8 in the climatic model.

A complete environmental model built with all
three variables only explained 23% of the variation in
richness, leaving 77% unexplained (Fig. 2A). The pure
effect of topography independent of climate and ge-
ology explained 5.8% of the variation in richness and
other relatively important fraction were the shared
effects between climate with geology (5.2%) and cli-
mate and topography (4.1%). The remaining fractions
explained smaller amounts of the variation in richness.
As the lack of spatial structure in the dependent vari-
able suggests, the residuals of the environmental
model also lack any spatial structure and were not
significantly related to any of the nine terms of a trend
surface analysis (all R* < 0.01, F, 5, < 0.65, P > 0.42).
Also, residuals were not spatially autocorrelated. Mo-
ran’s I test computed in SAM (Rangel et al. 2006) for
eight distance classes yielded values of Morans’s [
between —0.095 and 0.063 (all P > 0.11).
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Fig. 2. (A) Partitioning of the variation (%) in species
richness among groups of explanatory variables: T, C, and G
are the topographic, climatic, and geological models, respec-
tively. (B) Partitioning of the variation (%) in faunal com-
position among groups of explanatory variables: E and S are
the environmental and spatial models, respectively. In both
cases, U is the unexplained fraction and gray tones are pro-
portional to the amount of explained variation.

Richness Patterns Derived from Incompletely Sam-
pled Grid Cells. The analysis of all grid cells with at
least one record showed a different picture (Table 3).
Considering this data, the variation in species richness
was significantly related with almost all the variables
considered as potential predictors, with exception of
longitude (X), its quadratic and cubic terms and its
interaction with latitude (Y), daily temperature range
(Bio2), temperature seasonality (Bio4), temperature

Table 3. Relationships between predictors and observed spe-
cies richness, considering all grid cells with at least one record (n =

232)

Variable Function (sign) R (%) F df P

X NS 0.5 120 1,231 0.274
Y Linear (—) 7.7 1917 1,231 <0.001
XY NS 1.5 3.55 1,231 0.061
X2 NS 0.5 112 1231 0.291
¥ Linear (—) 7.6 19.00 1,231  <0.001
XY NS 0.9 202 1,231 0.156
Xy? Linear (—) 2.5 599 1,231 0.015
X3 NS 0.4 0.85 1,231 0.358
Y Linear (—) 75 18.78 1,231  <0.001
Alt Linear (+) 19.1 5463 1,231 <0.001
Alt_range  Quadratic (+, —) 134 17.82 2,230  <0.001
Biol Cubic (+, —, +) 27.5 2897 3229 <0.001
Bio2 NS 0.0 001 1,231 0.905
Bio3 Linear (—) 2.0 466 1,231 0.032
Bio4 NS 0.1 022 1,231 0.637
Bio5 Linear (—) 11.2 29.03 1,231  <0.001
Bio6 Linear (—) 189 53.68 1231 <0.001
Bio7 NS 0.0 008 1,231 0.775
Bio8 Cubic (—, +, —) 22.1 21.66 3,229 <0.001
Bio9 Cubic (+, —, +) 17.2 1586 3,229 <0.001
Biol0 Linear (—) 20.1 5805 1,231 <0.001
Bioll Linear (—) 22.0 65.09 1,231 <0.001
Biol2 Linear (+) 49 1199 1,231 0.001
Biol3 Linear (+) 1.9 446 1,231 0.036
Biol4 Quadratic (+, —) 15.5 21.06 2,230 <0.001
Biol5 Linear (—) 10.1 2587 1,231  <0.001
Biol6 Linear (+) 1.7 398 1231 0.047
Biol7 Quadratic (+, —) 14.8 1997 2230 <0.001
Biol8 Quadratic (+, —)  1L1 1434 2230 <0.001
Biol9 Quadratic (+, —) 11.1 1434 2230 <0.001
Acid Linear (+) 2.1 485 1,231 0.029
Basic NS 0.1 020 1,231 0.657

NS, not significant.
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annual range (Bio7), and percentage of basic rocks
(Basic). Therefore, the use of all available data with-
out considering the completeness of inventories yields
significant relationship between the observed species
richness and latitude, altitude, temperature, precipi-
tation, and the percentage of acid rocks. A complete
model with variables selected using a backward step-
wise procedure explained 41.4% of the variation in
richness (F = 14.18; df = 11,221; P < 0.001).

Patterns of Beta Diversity. The dendrogram built
after performing a five-dimensional NMDS (stress =
0.109) yielded five main faunal groups present in the
72 grid cells in the Iberian Peninsula that were ana-
lyzed (Fig., 1E; ANOSIM R = 0.707, P < 0.001): (1)
Pyrenees, Basque Mountains, and central part of the
Cantabrian mountains; (2) Galaico-Duriense massif;
(3) western part of the northern Iberian Mountains,
eastern part of the Cantabrian Mountains and Sierra
de Monchique; (4) a less well-defined group that en-
compasses mountainous areas in the Betic and Peni-
betic Mountains, the Sistema Central, the Catalonian
mountains, the southern part of the northern Iberian
Mountains, eastern part of the Galaico-Duriense mas-
sif, and parts of the northern Meseta; and (5) southern
part of the Iberian Mountains and some parts of the
Ebro Valley.

Nevertheless, if we restricted the cut-off point, the
first four faunal groups were subdivided (Fig. 1F;
ANOSIM R = 0.799, P < 0.001) and yielded a total of
10 groups: (1) central and eastern Pyrenees; (2) west-
ern Pyrenees, Basque Mountains, and central part of
the Cantabrian Mountains; (3) mountainous areas of
the Galaico-Duriense massif; (4) coastal areas in the
northeast of the Peninsula; (5) eastern part of the
Cantabrian Mountains; (6) western part of the north-
ern Iberian Mountains and Sierra de Monchique; (7)
western part of the Betic Mountains, the Sistema Cen-
tral, part of the northern Iberian Mountains, some
areas of the Galaico-Duriense massif, and a small part
of the Cantabrian Mountains; (8) mountainous areas
of the Mediterranean coastline; (9) eastern part of
Betic and Penibetic Mountains and some areas of the
northern Meseta; and (10) the southern Iberian
Mountains and parts of the Ebro Valley.

After describing the patterns in the variation of
species composition (beta diversity), the factors that
determine this variation were analyzed. Faunal com-
position was not significantly related with richness
(pseudo-F = 0.35, P = 0.359), and as such, the patterns
of beta diversity are not correlated to the patterns of
alpha diversity (species richness). The analysis
showed that the two groups of variables used (spatial
and environmental) yielded significant contributions
to the explanation of the variation in species compo-
sition (Table 4). Regarding spatial variables, all the
terms of the third grade polynomial of X and Y coor-
dinates (with the exception of Y and X*) were signif-
icant, whereas for the environmental variables, Alt,
Biol, Bio2, Bio5, Bio8, Biol0, Bioll, Biol2, Biol4, Biol5,
Biol6, Biol7, and Acid were significant. Nonetheless,
to avoid spurious interpretations caused by comparing
models with different numbers of predictor variables,
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Table 4. Relationships between predictors and beta diversity
and models for each group of variables, considering only well-
sampled grid cells

Variable Inertia Variation Pseudo-F P
(%)

X 141.5 14.32 7.88 <0.001
Y 14.3 1.45 0.8 0.083
XY 138.1 13.98 7.69 <0.001
X2 115 1.16 0.64 0.19

Y? 27.5 2.78 1.52 0.006
X2y 27.9 2.82 1.55 <0.001
Xy? 32.7 3.31 1.82 0.001
X3 20.6 2.09 1.7 0.001
Y2 43.1 4.36 2.4 <0.001
Alt 31.9 3.23 241 0.001
Biol 47.7 4.83 3.61 <0.001
Bio2 109.4 11.07 8.27 <0.001
Bio3 2.71 0.27 0.21 0.937
Bio4 0 0.00 0 >0.999
Bio5 46.1 4.67 3.49 <0.001
Bio6 6.1 0.62 0.46 0.562
Bio7 0 0.00 0 >0.999
Bio8 29.3 2.97 1.53 0.01

Bio9 5.8 0.59 0.44 0.603
Biol0 29.7 3.01 2.24 <0.001
Bioll 93.8 9.49 71 <0.001
Biol2 20 2.02 1.51 0.015
Biol3 8.2 0.83 0.62 0.318
Biol4 18.8 1.90 1.42 0.017
Biol5 73.8 747 5.58 <0.001
Biol6 27 2.73 2.04 0.001
Biol7 21.1 2.14 1.6 0.005
Biol8 10.8 1.09 0.82 0.173
Biol9 0 0.00 0 >0.999
Acid 7.2 0.73 0.55 0.433
Basic 24.5 2.48 1.85 0.002
Model for S 441.2 44.66 3.34 <0.001
Model for E 401.3 40.62 2.83 <0.001
Model for S + E 572.7 57.97 2.86 <0.001

S and E are the spatial and environmental models, respectively.

only the first seven variables ranked in terms of the
amount of variation explained (Alt, Biol, Bio2,
Bioll, Biol5, Biol7, and Basic) were included in the
model. In the spatial model the variables X, XY, Y2,
X?Y, XY?, X*, and Y® were included. Both models
were significant (spatial model, pseudo-F = 3.34,
P < 0.001; environmental model, pseudo-F = 2.83,
P < 0.001; Table 4).

The overall model explained a large part of the
variation (58%) and, although the fraction shared by
both groups of variables (environment and space) is
relatively large (27%; Fig. 2B), the pure effect of each
model is still fairly important (17% explained by the
spatial model and 13% by the environmental model).
The variables that remained significant in the partial
models and, as such, were responsible for the pure
effects of each model, were Bioll and Basic in the en-
vironmental model, whereas in the spatial model, all
the variables remained significant.

Discussion

The analysis of biodiversity patterns in Iberian Ca-
lathus yielded two main findings: (1) our view of
macroecological patterns may be compromised by the
quality of data and (2) the conjoint analysis of species
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richness and beta diversity improve our understanding
of biotic patterns because the variation in species
richness and composition could have different struc-
tures.

The need for assessment of the quality of biotic
inventories has been widely recognized, given that, as
the number of individuals sampled increases, so does
the number of species detected (Bunge and Fitz-
patrick 1993, Colwell and Coddington 1994). More-
over, when we compare inventories from different
areas, we must take into account the fact that neither
the sampling effort, nor the techniques used in each
case, will necessarily be the same. Thus, to be able to
carry out comparisons, richness data from the studied
inventories need to be standardized (Palmer 1990,
Gotelli and Colwell 2001, Walther and Moore 2005),
for if we fail to estimate the completeness of inven-
tories before carrying out analyses such as those per-
formed here, we run the risk of drawing false conclu-
sions. A clear example of this danger can be seen in the
relationship that exists between species richness of
Calathus and abiotic predictors. On the basis of the
crude data (Fig. 1B), species richness seems to be
strongly structured by latitudinal, altitudinal, temper-
ature, and precipitation factors (Table 3). However,
after performing the completeness analysis and con-
sidering only well-sampled grid cells, it becomes clear
that, in fact, the effects of these variables are not that
important (Table 2). Therefore, it seems that latitu-
dinal and especially altitudinal sampling biases have
produced a spurious pattern in the observed species
richness, which seems to be correlated with abiotic
factors. However, when this effect was removed by
considering only well-sampled grid cells, we failed to
find clear geographical or environmental pattern in
the variation of species richness. Geographical sam-
pling biases, showed by our completeness analysis,
have probably been caused by the oversampling pro-
duced in hotspots and areas close to recorders’ bases
(Dennis and Thomas 2000) and reflect the historical
structure in the way that species distributions are
shown along time (Lobo et al. 2007, Hortal et al. 2008).
Altitudinal biases may be explained because upland
areas have always held a greater fascination for cara-
bidologists because of the possibilities of discovering
new endemic species. However, latitudinal biases
might be because of the fact that most of the material
in the main Iberian collections comes from field work
carried out in the Spanish Central System mountains
(Museo Nacional de Ciencias Naturales, Madrid,
Spain) and the Catalonian Mountains and the
Pyrenees (Museu de Zoologia, Barcelona, Spain). It
should be noted that some of the cells discarded from
our analyses could actually be poor areas instead of
rich but incompletely surveyed cells. This possibility
is based in that taxonomists usually do not publish the
absence of species, so the lack of information could be
reflecting real poor regions. In this case, differences
between patterns derived from raw and good-quality
data would be less marked. However, this uncertainty
will remain until further studies discriminate poor
areas from poorly surveyed ones.
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Thus, if we are to discover the true diversity pat-
terns of the genus Calathus in the Iberian Peninsula
and use this information to carry out more conclusive
studies from conservationist, ecological, and biological
points of view, it is vital that we increase sampling
effort in the least studied areas (e.g., both the northern
and southern Mesetas, the Ebro Valley, the Betic
Mountains, the southern half of Portugal, and the
Balearic Islands). Until then, by selecting only well-
sampled regions, thereby using only good-quality data
(Hortal et al. 2004, Hortal and Lobo 2005), and dis-
carding incomplete inventories to avoid reaching spu-
rious conclusions, it is still possible to analyze diversity
patterns and their relationship with certain environ-
mental factors and spatial limitations. From the study
of richness patterns we can deduce that, for Iberian
Calathus, species richness is not strongly environmen-
tally nor spatially structured throughout the areas
studied, given that the model obtained explains only a
small part of the variance (23%) despite the high
number of potential predictors tested in our analysis.
In fact, richness patterns are completely unrelated to
the geographical situation, in part because of the fact
that in those areas in which there are more endemic
species with restricted distributions, there are also
fewer wide-ranging species (and vice versa). Never-
theless, in mountain areas with a larger percentage of
acid rocks and lower temperatures during the wettest
season of the year, the number of Calathus species is
slightly greater. The effect of topography may be be-
cause of the fact that the number of endemic Calathus
species in the Iberian Peninsula is high (70%) and that
the majority are associated with upland areas. As well,
the wettest months of the year tend to correspond
to the spring and autumn, critical periods that coincide
with the appearance of the imagos and the breeding
season in many Calathus species. Although Thiele
(1977), who only studied central Europe, where there
are fewer species and local endemisms, affirmed that
Calathus species are thermophilous, the Iberian spe-
cies of the genus tend to prefer cooler temperatures
during these seasons. Although our models explained
a small amount of the variance in species richness
(23%), the greatest part of the explained variation can
be attributed to the pure effect of topography and the
fractions shared by the models for topography and
temperature and for temperature and soil type. In the
former, the covariation between altitude and temper-
ature is clear (at greater altitude temperatures are
lower). Likewise, areas with low temperatures during
the wettest season of the year and a high percentage
of acid rocks seem to favor diversity in the genus
Calathus.

In contrast to the small influence of environmental
and spatial variables in species richness patterns, when
we analyze beta diversity, the model explains 58% of
the variation. Most of this explained variation is caused
by the fraction shared by the spatial and environmen-
tal models (27%), a product of the fact that geograph-
ical position is linked to temperature and rainfall:
along a northwest to southeast axis, temperatures in-
crease and rainfall decreases. Areas of higher temper-
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atures and less precipitation seem to harbor fewer
localized endemisms and a greater number of species
with wide-ranging distributions. Nevertheless, the ex-
istence of two relatively important pure fractions in-
dicates that (1) environmentally similar cells tend to
have similar species compositions, but (2) spatially
separated cells may in fact have different species com-
positions despite having similar environmental condi-
tions. Although it may not influence richness patterns,
it is interesting to note that geographical situation
greatly affects patterns of species composition. Con-
sidering the high number of environmental factors
included in our analyses, we assume that the pure
spatial fraction reflects other biological processes as
speciation, dispersal limitation, and stochastic coloni-
zation events. Therefore, the importance of the spatial
fraction (17%) seems to indicate that historically there
have been limitations on species dispersal that pre-
vented the colonization by species of environmentally
favorable areas, a situation that has been observed
in Iberian Chrysomelidae (Baselga and Jiménez-
Valverde 2007). The pure effect of environmental
variables is also relatively important (13%) and is in-
fluenced by the mean temperature of the coldest sea-
son of the year and by the percentage of basic rocks:
the species with the broadest distributions seem to be
most frequent in areas with the highest average tem-
peratures during the coldest season of the year and
largest percentages of basic rocks. It is worth noting
that the percentage of basic rocks does not follow
either a latitudinal or a longitudinal gradient.

To conclude, we should emphasize that the statis-
tical techniques that enable this type of biogeograph-
ical analysis to be performed would be of no use if they
were not supported by complete faunal and taxonomic
studies providing good-quality data. A lack of such
datais arecurrent problem in invertebrate studies, and
sampling efforts must be increased in areas whose
biodiversity is relatively unknown if we are to under-
take ambitious biogeographical studies on species
richness and beta diversity. The lack of taxonomic and
geographical data on species (Linnean and Wallacean
shortfalls, according to Whittaker et al. 2005) is one of
the greatest obstacles toward the advancement of
knowledge of biodiversity and its origins. Thus, taking
into account the fact that we find problems of com-
pleteness even in one of the most studied of all beetle
families, the Carabidae, it is vital that more taxonomic
and faunal studies of invertebrate groups be under-
taken. Finally, Iberian Calathus represent a clear ex-
ample of the need for combined analyses of species
richness and beta diversity patterns, because species
richness does not reflect species composition, and the
lack of patterns in the former does not imply the
invariance of biotic communities.
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