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ABSTRACT

Aim Recent coarse-scale studies have shown positive relationships between the
biodiversity of plants/vertebrates and the human population. Little is known
about the generality of the pattern for invertebrates. Moreover, biodiversity and
human population might correlate because they both covary with other factors
such as energy availability and habitat heterogeneity. Here we test these two non-
mutually exclusive mechanisms with ant species-richness data from the Fauna
Europaea.

Location Forty-three European countries/regions.

Methods We derived mixed models of total, native and exotic ant species
richness as a function of human population size/density, controlling for country
area, plant species richness (as a proxy for habitat heterogeneity), and mean
annual temperature and precipitation (variables related to energy availability).

Results Ant species richness increased significantly with increasing human
population. This result was confirmed when controlling for variations in country
area. Both for human population size/density and for ant species richness, there
were positive correlations with temperature but not with precipitation. This
finding is in agreement with the energy-availability hypothesis. However, we
observed a negative latitudinal gradient in ant and plant species richness, although
not in human population size/density. Plant species richness was positively
correlated with ant species richness but not with human population size/density.
Thus, there is evidence that this type of habitat heterogeneity can play a role in the
observed latitudinal gradient of ant species richness, but not in the positive
correlation between ant species richness and human population. The results were
confirmed for the 545 native and the 32 exotic ant species reported, and we
observed a good correlation between exotic and native ant species richness.

Main conclusions Ant species richness in European countries conforms to six
macroecological patterns: (1) a negative latitudinal gradient; and a positive (2)
species—energy relationship, (3) species—area relationship, (4) correlation with
plant species richness, (5) exotic—native species richness correlation, and (6)
species—people correlation. There is some evidence for the energy-availability
hypothesis, but little evidence for habitat heterogeneity as an explanation of the
large-scale human population—ant biodiversity correlation. This correlation has
implications for the conservation of ant diversity in Europe.
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INTRODUCTION

Many recent studies have documented a positive relationship
between species diversity and human population size or
density over coarse scales of analysis. This at first sight
surprising pattern has been illustrated for plants (McKinney,
2001; Aragjo, 2003; Keith & Warren, 2007) and vertebrates
(Balmford et al., 2001; Aratjo, 2003; Diniz-Filho et al., 2006)
and thus seems to be a common biogeographical pattern
(Gaston, 2005).

However, with the exception of some analyses on butterflies
in North America and Australia (Luck et al, 2004), little is
known about the generality of the pattern for invertebrates
(Luck, 2007). Invertebrates are notoriously species-rich yet
understudied organisms (Oliver & Beattie, 1993). For the
positive large-scale species—people correlation to be a general
pattern, it needs to apply also to invertebrates, because these
form the vast majority of the Earth’s biodiversity (Colwell &
Coddington, 1994). It is also important to investigate this issue
for invertebrates, as they may be associated to the presence of
human beings differently from plants and vertebrates, given
their different body sizes, life histories and experienced spatial
scales.

Moreover, the large-scale human-biodiversity correlation
may disappear when controlling for confounding factors such
as species introductions (McKinney, 2001, 2006a) and envi-
ronmental productivity (Vazquez & Gaston, 2006; Fjeldsa,
2007). In fact, in a previous analysis this correlation became
negative when controlling for productivity (Ding et al., 2006).
There is thus a need for further studies of the species richness—
people relationship controlling for potentially covarying fac-
tors.

We use data collated as part of the Fauna Europaea (2004)
project to test for a human population—biodiversity correlation
among European countries for ants (Hymenoptera: Formici-
dae). Ants are a ubiquitous and key component of ecosystems
(Holldobler & Wilson, 1990; Kaspari et al., 2000a; Wilson &
Holldobler, 2005). They play a role in functions such as
predation, herbivory, decomposition, soil turnover and seed
dispersal. Moreover, ants have been often used as indicators of
ecosystem health (Andersen & Majer, 2004; Stephens &
Wagner, 2006; Underwood & Fisher, 2006).

Europe is a region with a relatively high human population
and with a generally lower number of species relative to other
continents, due to its distance from the tropics, and the barrier
to species migration posed by mountain ranges parallel to the
equator during the repeated glaciation events. For example,
Costa Rica alone has more ant species (827; Longino, 2007)
than the whole of Europe (577; Fauna Europaea, 2004).
However, in Europe there are regions of high plant biodiversity
(e.g. the Mediterranean hotspot; Vogiatzakis et al., 2006),
which can be reasonably expected to show a high ant species
diversity as well. Moreover, the spatial distribution of species
occurrences is relatively well known in Europe, given the high
number of taxonomists and the long tradition of research on
biodiversity. Nonetheless, with some exceptions, pan-Euro-
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pean biogeographical studies have been rare, possibly because
of the political and linguistic fragmentation of the different
countries. This fragmentation provides an opportunity to test
for two mechanisms that have been suggested to explain
observed large-scale species—people relationships: habitat het-
erogeneity and energy availability. On the one hand, regions
with higher human population size may also contain a higher
variety of habitats, which in turn often correlates well with
species richness (habitat heterogeneity hypothesis; Fjeldsa,
2007; Luck, 2007; Moreno-Rueda & Pizarro, 2007). On the
other hand, regions with higher human density may also have
a more favourable climate, both for people and for (ant)
species (energy-availability hypothesis; Aradjo, 2003; Evans
et al., 2006; Luck, 2007).

In this study, we test whether there is a correlation between
ant species richness and the human population size/density of
European countries, and whether these two variables increase
with (1) plant species richness, as plant species richness can be
an indicator of habitat heterogeneity; and (2) mean annual
temperature and precipitation, as predicted by the hypothesis
that the presence of both species and people is positively
correlated with energy availability. The two mechanisms are
not mutually exclusive. Habitat heterogeneity is a strong
broad-scale predictor of vascular plant species richness (Zhao
& Fang, 2006; Barthlott et al., 2007; Kreft & Jetz, 2007). Plant
species, in turn, are an important component of the habitats of
ants, and the structural heterogeneity of plant communities
has been shown to be positively related to ant species richness
(Rico-Gray et al., 1998; Ribas et al., 2003; Ribas & Schoereder,
2007). Mean annual temperature is related to the energy
availability of individuals, species and ecosystems, and is
hypothesized to drive metabolic and, ultimately, speciation
rates (Brown ef al., 2004; Kaspari, 2004; Sanders et al., 2007).
Precipitation has been shown to be a limiting factor for ant
species richness in studies of semi-arid regions (Gustavo et al.,
1994; Bestelmeyer & Wiens, 2001; Sanders et al., 2003; but see
Pfeiffer et al., 2003).

MATERIALS AND METHODS

We based our analysis on the estimates of ant species richness
for European countries provided by the Fauna Europaea
(2004) project. This data base is the outcome of a project
funded by the European Union and was coordinated by the
Zoological Museum of Amsterdam (the Netherlands). The
data base was generated by the Zoological Museum of
Copenhagen (Denmark) and validated at the Muséum
National d’Histoire Naturelle in Paris (France). The project
involved more than 400 taxonomic experts. While there may
be identification errors, differences in sampling effort among
countries, new discoveries and advances in taxonomy (Ward,
2005; Schlick-Steiner et al., 2006; Seifert, 2006), the various
effects may well cancel each other out. For example, the
current figure for ant species richness for Austria is the same as
that in the data base, despite many recent updates in the
checklist. There are some slight differences in the current
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numbers for at least another 13 countries, but using these
updated data instead of those from the Fauna Europaea did
not lead to any qualitative changes in the results of the
analyses, and quantitative changes did not alter any of the
conclusions drawn. We thus avoided using partly updated data
from some countries, and instead analysed the data of the
Fauna Europaea for consistency’s sake.

Native or exotic status of ant species was assessed on the
basis of McGlynn (1999), Heinze et al. (2006), Bolton (2007),
Bolton et al. (2007), Espadaler et al. (2007) and Seifert (2007).
This resulted for the countries analysed, in 545 native and 32
exotic ant species (Cardiocondyla emeryi, Cardiocondyla nuda,
Hypoponera opaticeps, Lasius neglectus, Linepithema humile,
Linepithema melleum, Monomorium monomorium, Monomori-
um pharaonis, Pachycondyla darwinii, Paratrechina bourbonica,
Paratrechina  braueri, Paratrechina flavipes, Paratrechina
longicornis, Paratrechina vividula, Pheidole anastasii, Pheidole
cellarum, Pheidole flavens, Pheidole kraepelini, Pheidole mega-
cephala, Pheidole symbiotica, Plagiolepis allaudi, Solenopsis
geminata, Strumigenys lewisi, Strumigenys rogeri, Tapinoma
melanocephalum, Technomyrmex detorquens, Tetramorium
bicarinatum, Tetramorium caldarium, Tetramorium insolens,
Tetramorium lanuginosum, Tetramorium lucayanum, and
Tetramorium simillimum).

Human population size and density (referring to 2005), area
and geographical coordinates of European countries/regions
analysed were obtained from publicly accessible websites
(EUROSTAT). We used both human population size and
density in analyses, as both have been shown not to be
independent of country area (Pautasso & Weisberg, 2008).
Moreover, human population density may not be indicative of
a number of environmental impacts that are better approxi-
mated by human population size. For example, for European
countries there is a strong positive correlation between the
total municipal waste produced and their human population
size, but a weak one with their human population density (our
unpublished observations). Mean annual temperature and
precipitation were obtained from a global 10" latitude x 10
longitude data set of mean monthly climate variables for the
period 1961-90 (New et al., 2002). Estimates of vascular plant
species richness were obtained from Gleich et al. (2000).

We followed the political entities used in the Fauna
Europaea as closely as possible, but left out some countries
in case of unreasonably low (zero or a few units) ant species
richness estimates (Bosnia Herzegovina, Croatia, Faroe Islands,
Franz Josef Land, Iceland, Novaya Zemlya, San Marino,
Selvagens Islands, Svalbard Islands and Vatican City). We also
omitted data for the Azores, Balearics, Canaries, Channel
Islands, Cyclades, Dodecanese, Madeira and North Aegean
Islands, as they may be affected by speciation events occurring
in island groups. For a given area (and population size), island
groups may tend to have disproportionately more species than
the same area (and population size) of mainland because of
speciation events due to the inherent fragmentation between
different islands of island groups. However, repeating the
analyses including data from Atlantic and Western Mediter-
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Table 1 Maximum, minimum, mean, median, standard devia-
tion and total ant and plant species richness, area (103 kmz),
human population (Pop, 10° individuals) and density (Dens,

n km™?), mean annual temperature (Temp, °C) and precipitation
(Prec, mm) in the 43 European countries analysed.

Ants Plants  Area Pop Dens Temp Prec
Max 285 5600 604 83,252 16,000 19.2 1387
Min 16 530 0.002 28 14 0.7 481
Mean 91 2500 130 13,150 627 9.7 777
Med 78 2100 48 5180 109 9.1 696
SD 58 1330 164 19,700 2519 4.6 235

Total 577 12,500 5600 565,000 101 - -

ranean groups of islands (we did not have reliable environ-
mental data for the Eastern Mediterranean groups of islands)
did not lead to any qualitative differences in results, and
quantitative differences did not lead to any change in the
conclusions. Given that an estimate of ant species richness was
available for Corsica, Crete, Sardinia and Sicily, these islands
were considered apart from mainland France, Greece and Italy.
Given that a separate estimate was available for Northern
Ireland and for the rest of the UK, these two regions were
analysed separately. Russia was not included in analyses as
there was an estimate for ant species richness in only four
parts of Russia (for which area and human population size
were not known). The data set analysed comprised 43 political
geographical entities (Table 1; Appendix SI in Supporting
Information).

Analyses were run in sas ver. 9.1. The correlation of ant
species richness with human population size/density was
analysed on its own and controlling for variations among
countries in (1) area; (2) area and plant species richness; and
(3) area, plant species richness, and mean annual temperature
and precipitation. Additional models were run to test whether
there were latitudinal gradients in human population size/
density, and ant and plant species richness. We also analysed
the relationship of ant species richness with plant species
richness and the two climatic variables without including
human population size/density in models. Numbers of ant
[total, native and exotic (+1); for one country (Liechtenstein)
no exotic ant species was reported] and plant species, human
population size and density, area, and precipitation were log-
transformed prior to analysis to conform to the requirement of
a normal distribution. Mean annual temperature was Boltz-
mann-transformed as usually done in recent studies of the
metabolic theory of ecology (e.g. Sanders et al, 2007). A
negative correlation of a variable with Boltzmann-transformed
temperature implies a positive correlation of the same variable
with untransformed temperature, as the Boltzmann-trans-
formed temperature is obtained by calculating 1/kT, where T is
temperature in Kelvin. Spatial autocorrelation was controlled
for using mixed models with exponential covariance structure
(as in e.g. Pautasso & Weisberg, 2008). Results from non-
spatial and spatial models are generally consistent, but we
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present only the more robust results that take into account a
potential spatial non-independence of data (Dormann, 2007).
There may be spatial autocorrelation among countries in
survey intensity, climate and species presence due to easier
dispersal at closer distance. Model complexity and fit were
assessed on the basis of the Akaike information criterion (AIC;
Johnson & Omland, 2004).

RESULTS

Ant species richness significantly increased with increasing
human population size (Fig. 1a) and with increasing area
(Fig. 1b). This followed from the positive, although less than
proportionate, relationship between human population size
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Figure 1 Relationship between total ant species richness and

(a) human population size; (b) area; (c) plant species richness for
the European countries analysed.
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and area [n =43, r* = 0.82, logpop = 3.60 + 0.66 logarea,
slope standard error (SSE) = 0.05, P < 0.0001]. However, ant
species richness increased significantly with increasing human
population size also when controlling for variations in area
(Table 2).

This result was also confirmed when controlling for
variations in plant species richness among countries (Table 2).
In this model, country area dropped out as a significant
explanatory variable, whereas ant species richness increased
significantly with increasing plant species richness. This
significant increase in ant species richness with plant species
richness was also present when not controlling for the other
factors (Fig. 1c).

The significant increase in ant species richness with
increasing human population size and plant species richness
was confirmed when controlling for temperature and precip-
itation (Table 2), which were not factors significantly associ-
ated with ant species richness, also when not controlling for
the other factors (Fig. 2a,b).

The above results were confirmed when replacing human
population size with density. The only difference was that, in
the case of human population density, country area was still a
significant factor in models of ant species richness as a function
of area and plant species richness (Table 3).

When not including human population size or density in
models (Table 4), ant species richness declined significantly
with Boltzmann-transformed temperature. This was also the
case when including plant species richness as an explanatory
variable. Plant species richness was not a significant factor in
these models without human population size or density. This
was also the case when not including the climatic variables as
an explanatory variable (Table 4).

We tested for the presence of simple nonlinear relationships
by adding the square terms of all predictor variables in the
models. Square terms of all predictor variables were non-
significant in models of ant species richness as a function of
human population size/density, country area, plant species
richness, temperature and precipitation.

As for the interrelationships between the explanatory vari-
ables, human population size increased with country area,
decreased with Boltzmann-transformed temperature, and did
not vary significantly with variations in precipitation (n = 43,
* = 0.85, logpop = —8.04 + 0.73 logarea — 2.27 boltz + 0.47
logprec, SSE = 0.05, 0.87, 0.49, P < 0.0001, P = 0.01, 0.35).
Plant species richness did not vary significantly with variations in
human population size, increased with country area, decreased
with Boltzmann-transformed temperature, and increased with
precipitation (1 =2, r* = 0.51, logplantspp = —5.97 — 0.06
logpop + 0.24  logarea — 1.60  boltz + 0.54  logprec,
SSE = 0.09, 0.07, 0.48, 0.26, P = 0.53, 0.0003, 0.002, 0.04).
These models gave consistent results when replacing human
population size with human population density; the only
difference was that human population density declined with
area instead of increasing.

If, instead of using temperature and precipitation, latitude
was included in models, this factor significantly explained

Journal of Biogeography 35, 2195-2206

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd



Ants and people in Europe

Table 2 Mixed models of total ant species richness (logspp) as a function of (a) human population size (logpop) and area (logarea);
(b) human population size, area and plant species richness (logplant); and (c) human population size, area, plant species richness,
Boltzmann-transformed mean annual temperature (boltz), and mean annual precipitation (logprec) in the European countries analysed.

n ? AIC logspp logpop logarea logplant boltz logprec
(a) 43 0.42 -17.2 y =021 +0.15a (£0.06) +0.12b (+0.04)
p 0.01 0.008
(b) 42 068 —214 y=-101  +027a(£0.07)  —0.07b (£0.07)  +0.40c (£0.17)
P 0.001 0.32 0.02
(c) 42 0.71 —24.1 y = —5.06 +0.22a (£0.08) —0.03b (+0.07) +0.39¢ (+0.16) —0.95d (+0.67) —0.02e (£0.26)
P 0.006 0.67 0.02 0.16 0.94

AIC, Akaike’s information criterion.
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variations in ant species richness, but not on its own (Fig. 2¢)
and only when not including plant species richness in models
(n = 43, * = 0.67, logspp = 1.42 + 0.15 logpop + 0.11 logar-
ea — 0.03 lat, SSE = 0.06, 0.04, 0.01, P = 0.01, 0.01, 0.03). This
is because plant species richness was also negatively related to
latitude (n = 42, r* = 0.68, logplantspp = 3.51 — 0.06 log-
pop + 0.25 logarea — 0.02 lat, SSE =0.06, 0.06, 0.01,
P =0.33, P < 0.0001, P = 0.0009). These models were entirely
consistent when replacing human population size with human
population density.

Unlike ant species richness, human population size did not
vary significantly with latitude in a model controlling for
variations in country area (n =43, 1 =0.83, log-
pop =3.93 + 0.68 logarea — 0.01 lat, SSE = 0.05, 0.01,
P < 0.0001, P =0.37). Human population density too, did
not vary significantly with latitude in a model controlling
for variations in country area, but instead of increasing
with country area, it declined (n =43, > = 0.56,
logd = 3.93 — 0.32 logarea — 0.01 lat, SSE = 0.05, 0.01,
P < 0.0001, P = 0.37).

There was a good positive correlation between exotic
and native ant species richness (n = 43, = 0.33, logexo-
tic = —0.48 + 0.56 lognative, SSE = 0.10, P < 0.0001) and
between exotic and total ant species richness (n = 43,
* = 0.36, logexotic = —0.54 + 0.59 logspp, SSE = 0.10,
P < 0.0001). There was a nearly perfect positive correlation
between native and total ant species richness (n = 43,
= 0.997, lognative = —0.04 + 1.01 logspp, SSE = 0.01,
P < 0.0001). When repeating all analyses carried out for total
ant species richness by replacing it with native and with exotic
ant species richness, the results for the two subsets were
remarkably consistent with those already presented for total
ant species richness. These additional analyses are provided in
Appendix S2. In both cases (native and exotic ant species
richness) we observed:

(1) A significantly positive correlation with human popula-
tion, which is robust to controlling for area, plant species
richness, temperature and precipitation.

(2) A significantly negative relationship with Boltzmann-
transformed temperature (although not in models including
human population), but none with precipitation.
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Table 3 Mixed models of total ant species richness (logspp) as a

function of (a) human population density (logd) and area (logarea);

(b) human population density, area and plant species richness (logplant); and (c) human population density, area, plant species richness,
Boltzmann-transformed mean annual temperature (boltz), and mean annual precipitation (logprec) in the European countries analysed.

n . AIC logspp logd logarea logplant boltz logprec
(a) 43 0.43 —-17.4 y =0.20 +0.15a (+0.06) +0.27b (+0.03)
p 0.01 0.0001
(b) 42 068  -21.7  y=-102  +0.27a (+0.07)  +0.19b (£0.04) +0.41c (£0.17)
P 0.0006 0.0001 0.02
(c) 42 0.71 —24.3 y =-5.00 +0.23a (£0.08) +0.19b (+0.04) +0.40c (+0.16) —0.94d (£0.67) —0.02e (+0.26)
P 0.006 0.0001 0.02 0.17 0.93

AIC, Akaike’s information criterion.

Table 4 Mixed models of total ant species richness (logspp) as a

function of (a) area (logarea) and plant species richness (logplant);

(b) area, Boltzmann-transformed mean annual temperature (boltz) and mean annual precipitation (logprec); and (c) area, plant species
richness, Boltzmann-transformed mean annual temperature and mean annual precipitation in the European countries analysed.

2

n r AIC logspp logarea logplant boltz logprec
(a) 42 0.56 -13.3 y = 0.06 +0.18b (+0.04) +0.27¢ (+0.17)
P 0.0001 0.13
(b) 43 0.50 —21.1 y=-7.32 +0.24b (+0.02) ~1.69d (£0.65) +0.16e (£0.25)
P 0.0001 0.01 0.52
(c) 42 0.61 -19.9 y=—485 +0.18b (+0.04) +0.28¢ (+0.17) —1.70d (+0.68) +0.14e (+0.27)
P 0.0001 0.11 0.02 0.60

AIC, Akaike’s information criterion.

(3) A negative latitudinal gradient (as for plant species
richness, but unlike for human population size/density).

For exotic/native ant species richness too, using human
population density instead of size did not lead to any
differences in results. The only qualitative difference between
native and exotic ant species richness was that plant species
richness was a significant factor in models of native ant species
richness as a function of human population size/density, plant
species richness and climatic variables. On the contrary, plant
species richness was a non-significant factor in the same model
for exotic ant species richness. Exotic ant species richness thus
appeared to be driven by human population size alone (for
exotic ant species richness, adding plant species richness and
climatic variables did not substantially improve the r* and AIC
of models as it did for native and total ant species richness).

DISCUSSION

There is a positive correlation between ant species richness and
human population density/size for European countries.
Human population size explains more variance in ant species
richness among European countries than country area, and the
positive ant species—people correlation is robust to controlling
for variations in country area, plant species richness, temper-
ature and precipitation. These results are confirmed when
replacing human population size with human population
density in the models.

There is some evidence that this correlation can be explained
by a correlation of both species richness and people with
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energy availability (Herbers, 1989; Kaspari et al., 2000b;
Novotny et al., 2006), as both for human population size
and for ant species richness there are significant positive
correlations with temperature when controlling for country
area. When including human population size/density in this
model, temperature drops out as a significant predictor of ant
species richness, suggesting that variations in temperature are
concurrent with variations in human population size and in
ant species richness, and thus play a role in the observed
species—people correlation.

In Europe there is a mismatch between temperature and
latitude due to the milder climate in western countries made
possible by the Gulf Stream (although latitude explains 85% of
the variation in mean annual temperature among the countries
analysed). Ant species richness decreases significantly with
increasing latitude, but this is not the case for human
population size/density. Ant species richness has been shown
to increase with declining latitude for: (1) the New World from
New Hampshire to Brazil (Jeanne, 1979; see also Kusnezov,
1957); (2) islands of East Asia (Terayama, 1992); and
(3) Northern Europe (Cushman et al, 1993). The same
pattern has been confirmed for New England (Gotelli &
Ellison, 2002), as well as Australia, Madagascar, and North and
South America (Kaspari ef al., 2004). The available data
provide evidence that the latitudinal gradient in ant species
richness of European countries can be explained by variations
in temperature, as ant species richness is significantly related to
temperature when controlling for country area. However, there
is no significant correlation between ant species richness and
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latitude when controlling for variations in plant species
richness. These findings suggest that the latitudinal gradient
in ant species richness could be, at least in part, a consequence
of the latitudinal gradient in plant species richness, as the latter
variable is negatively correlated with latitude on its own. The
latitudinal gradient is obviously a one-dimensional simplifica-
tion of a two-dimensional pattern, but the ant species richness
of the European countries analysed does not show any
significant variation with varying longitude.

As for the hypothesis that habitat heterogeneity might
explain the spatial correlation of ant species and human
population size, we find that ant species richness is positively
correlated with plant species richness, as predicted. However,
plant species richness is not significantly correlated with
human population size/density (contrary to the findings of
Araujo, 2003, for Europe using a much narrower study grain,
50 x 50-km grid cells). Hence, the increase of ant species
richness with human population size/density in European
countries is not explained by a positive correlation of both
variables with plant species richness. This result is obtained
controlling for the climatic variables in the models, so it is
robust to any influence of energy availability on human
population size/density, ant and plant species richness. How-
ever, plant species richness provides only a rough measure of
habitat heterogeneity as perceived by ants (Englisch er al,
2005; Barrow et al., 2006; Arnan et al., 2007), and it is possible
that habitat heterogeneity in terms of topographical relief and
different types of land use could contribute to explaining the
observed positive ant species—people correlation. Nonetheless,
there is no evidence for a significant association of the range in
temperature, precipitation and altitude with ant species
richness (our unpublished observations). These ranges in
temperature, precipitation and altitude are a good estimate of
the topographical heterogeneity of a country and, unlike plant
species richness, are not correlated with absolute temperature
(our unpublished observations).

The positive correlation of ant species richness with plant
species richness in European countries (which is robust to
controlling for variation in country area, human population
size/density, temperature and precipitation) is interesting in its
own right. It makes biological sense, as the biodiversity of
consumers can reasonably be expected to track variations in
the diversity of producers. However, there are only a few
studies documenting a correlation between plant and insect
species over large extents and with a large study grain (e.g.
Gaston, 1992; Wolters et al., 2006; Rodrigues & Brooks, 2007;
Qian & Ricklefs, 2008). Examples of regional correlations of
plant species richness with the diversity of other taxa come
from California (Hawkins & Porter, 2003), China (Zhao et al.,
2006; Qian, 2007), sub-Saharan Africa (Kissling et al., 2007)
and the Cape Floristic Region, South Africa (Wright &
Samways, 1998). For ants, no correlation with plant species
richness was reported in a north-south transect in Mongolia
(Pfeiffer et al., 2003). The positive cross-taxon correlation
between ants and plants in Europe can be explained, at least in
part, by both variables responding positively to energy
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availability, as both ant and plant species richness increase
with increasing temperature when controlling for country area.
However, while ant species richness is not significantly
associated with precipitation, plant species richness also
increases with increasing precipitation, suggesting that in this
bioregion the distribution of plant species is more water-
limited and that of ants is more temperature-limited.

A positive species—area relationship has been reported for
ants from many regions of the world (Goldstein, 1975;
Boomsma et al., 1987; Terayama, 1992; Woinarski et al.,
1998; Wetterer, 2002; Kaspari et al., 2003; Schoereder et al.,
2004; Botes et al., 2006). For European countries, with area
spanning more than five orders of magnitude, the positive ant
species—area relationship is robust to controlling in the model
for variations in latitude and human population. However,
there is no significant relationship between ant species richness
and country area when controlling for variations in plant
species richness and human population size. This finding
confirms that area per se might not have a direct influence on
species richness, but might often correlate with other factors
positively associated with species richness (Douglas & Lake,
1994; Ricklefs & Lovette, 1999; Johnson et al., 2003).

The positive correlation between exotic and native ant
species richness is in agreement with other coarse-scale studies
(Sax, 2001; Davies et al, 2005, McKinney, 2006a). The
consistency of the results for total, native and exotic ant
species strengthens their generality, although this would need
to be tested in other regions. For total, native and exotic ants:
(1) we observe a significantly positive correlation between ant
species richness and human population size/density, which is
robust to controlling for area, plant species richness, temper-
ature and precipitation; (2) we show that ant species richness is
significantly related to temperature (although not in models
including the human population parameters), but not to
precipitation; (3) we confirm that ant species richness shows a
negative latitudinal gradient (as for plant species richness, but
unlike human population size/density); and (4) we find that
using human population density instead of size does not lead
to any differences in the results. The finding that plant species
richness is a significant factor in models of native ant species
richness as a function of human population size/density, plant
species richness and climatic variables, whereas it is a non-
significant factor for exotic ant species richness in the same
models, suggests that exotic ant species richness is less
determined by environmental variables and is mainly governed
by species introductions, which occur more frequently in
countries with higher human population size.

Estimated ant species richness in European countries
conforms to six macroecological patterns commonly reported
in the literature: (1) a negative latitudinal gradient
(e.g. Rohde, 1992); (2) a positive species—energy relation-
ship (e.g. Currie, 1991); (3) a positive species—area relationship
(e.g. Lomolino, 2000); (4) a positive correlation with plant
species richness (e.g. Morrison, 1998); (5) a positive correla-
tion between exotic and native species richness (e.g. Gilbert &
Lechowicz, 2005); and (6) a positive species richness—people
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correlation (see Introduction). There is some evidence that the
positive ant species richness—people relationship observed can
be explained by both factors covarying with energy availability
(Aragjo, 2003; Koh et al., 2006; Luck, 2007), as both ants and
human population size are positively related to temperature.
Although there is evidence for an important role of plant
species richness in the variations of ant species richness among
European countries, there is little evidence that the ant
species—people correlation can be explained by a correlation
of both variables with habitat heterogeneity. We do not make
any causal inference from the positive ant species—people
correlation observed, that is, we do not argue that higher
numbers of human beings in European countries result in a
higher number of ant species in the same countries. Both
factors covary with temperature, and there might be other
factors that covary with ant species richness and human
population size that should be further explored. These include
topographical and geological diversity. However, it is also
possible that a more numerous presence of human beings may
favour ant species richness through beneficial processes such as
the creation of a more diverse habitat mosaic (e.g. Andren,
1994), the effect of which, however, may possibly be partly
counterbalanced by decreases in landscape connectivity (Stef-
fan-Dewenter & Tscharntke, 2002; Dauber & Wolters, 2004).

One important issue that we could not address with the
available data is whether sampling effort might be positively
related to human population size/density. Although recent
studies suggest that sampling bias might not be an explanation
for positive species—people relationships of British birds and
American plants (Evans et al., 2007; Pautasso & McKinney,
2007), the issue of sampling bias is specific to each data set, so
that each data set needs to be tested against such an influence.
Comparing the data from the Fauna Europaea data base and
the currently available data, we notice that the change [both
positive (due to species discovery) and negative (due to
taxonomic reconsideration)] in ant species richness is not
significantly related to human population size or density (our
unpublished observations). Future work could also investigate
whether other measures of energy availability are correlated
with ant species richness, and could address the effect of
factors such as the proportion of different habitat types, the
altitudinal range, and the degree of urbanization on the
reported findings (Glaser, 2006; Dunn et al, 2007). There
might be a positive ant species richness—human population
size/density correlation at the country level, but we need to
know whether this positive correlation persists using a
narrower grain of analysis, as such a correlation has been
reported to be scale-dependent, at least for butterflies, plants
and vertebrates (Hardy & Dennis, 1999; Pautasso, 2007;
Pautasso & Chiarucci, 2008). Unfortunately, at present it is
not possible to inquire whether there is any scale-dependence
in the observed ant species richness—people correlation in
Europe, because only patchy data are available for European
provinces.

From an educational point of view, the broad-scale corre-
lation of ant biodiversity and human population size at the
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level of European countries is a positive finding (Turner et al.,
2004; Balmford & Bond, 2005). However, the coexistence of
high numbers of people and ant species is also a challenge from
a conservation perspective, as urbanization and human
disturbance often result in extinction and homogenization
processes (Balmford, 1996; Lopez-Moreno et al., 2003; Lessard
& Buddle, 2005; Yamaguchi, 2005; Holway & Suarez, 2006;
McKinney, 2006b; Olden & Rooney, 2006). Given that
anthropogenic influence on land use is one of the most
important issues in biodiversity conservation, we need an
increase in people’s awareness of the diversity of ants, and
better strategies to enable both humans and ant colonies to
thrive in today’s human-modified landscapes.

ACKNOWLEDGEMENTS

Many thanks to the many people involved in the compilation
of the Fauna Europaea data base, to H. Kreft for help in
retrieving climatic data, to M. Bertaglia, K. Evans, K. Gaston,
T. Hirsch, O. Holdenrieder, S. Jackson, M. Jeger, M. McKin-
ney, I. Parmentier, G. Powell, I. Procaccia, A. Rodrigues,
N. Russell, C. Steck, L. Vazquez, P. Warren and P. Weisberg for
insights and discussions, and to F. Gennaro, R.J. Whittaker
and anonymous reviewers for helpful comments on a previous
version of the draft.

REFERENCES

Andersen, AN. & Majer, J.D. (2004) Ants show the way Down
Under: invertebrates as bioindicators in land management.
Frontiers in Ecology and the Environment, 2, 291-298.

Andren, H. (1994) Effects of habitat fragmentation on birds
and mammals in landscapes with different proportions of
suitable habitat — a review. Oikos, 71, 355-366.

Araujo, M.B. (2003) The coincidence of people and biodi-
versity in Europe. Global Ecology and Biogeography, 12, 5—
12.

Arnan, X., Rodrigo, A. & Retana, J. (2007) Uncoupling the
effects of shade and food resources of vegetation on Medi-
terranean ants: an experimental approach at the community
level. Ecography, 30, 161-172.

Balmford, A. (1996) Extinction filters and current resilience:
the significance of past selection pressures for conservation
biology. Trends in Ecology and Evolution, 11, 193—196.

Balmford, A. & Bond, W. (2005) Trends in the state of nature
and their implications for human well-being. Ecology Letters,
8, 1218-1234.

Balmford, A., Moore, J.L., Brooks, T., Burgess, N., Hansen,
L.A., Williams, P. & Rahbek, C. (2001) Conservation con-
flicts across Africa. Science, 291, 2616-2619.

Barrow, L., Parr, C.L. & Kohen, J.L. (2006) Biogeography and
diversity of ants in Purnululu (Bungle Bungle) National
Park and Conservation Reserve, Western Australia. Austra-
lian Journal of Zoology, 54, 123-136.

Barthlott, W., Hostert, A., Kier, G., Koper, W., Kreft, H.,
Mutke, J., Rafigpoor, M.D. & Sommer, J.H. (2007)

Journal of Biogeography 35, 2195-2206

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd



Geographic patterns of vascular plant diversity at conti-
nental to global scales. Erdkunde, 61, 305-315.

Bestelmeyer, B.T. & Wiens, J.A. (2001) Local and regional-scale
responses of ant diversity to a semiarid biome transition.
Ecography, 24, 381-392.

Bolton, B. (2007) Taxonomy of the dolichoderine ant genus
Technomyrmex Mayr (Hymenoptera: Formicidae) based on
the worker caste. Contributions of the American Entomolog-
ical Institute, 35, 1-150.

Bolton, B., Alpert, G., Ward, P.S. & Naskrecki, P. (2007)
Bolton’s catalogue of ants of the world: 1758-2005. Harvard
University Press, Cambridge, MA.

Boomsma, J.J., Mabelis, A.A., Verbeek, M.G.M. & Los, E.C.
(1987) Insular biogeography and distribution ecology of
ants on the Frisian islands. Journal of Biogeography, 14, 21—
37.

Botes, A., McGeoch, M.A., Robertson, H.G., van Niekerk, A.,
Davids, H.P. & Chown, S.L. (2006) Ants, altitude and
change in the northern Cape Floristic Region. Journal of
Biogeography, 33, 71-90.

Brown, J.H., Gillooly, J.F., Allen, A.P., Savage, V.M. & West,
G.B. (2004) Toward a metabolic theory of ecology. Ecology,
85, 1771-1789.

Colwell, R.K. & Coddington, J.A. (1994) Estimating terrestrial
biodiversity through extrapolation. Philosophical Transac-
tions of the Royal Society B: Biological Sciences, 345, 101—
118.

Currie, D. (1991) Energy and large-scale patterns of animal-
and plant-species richness. The American Naturalist, 137,
27-49.

Cushman, J.H., Lawton, J.H. & Manly, B.F.J. (1993) Latitu-
dinal patterns in European ant assemblages — variation in
species richness and body size. Oecologia, 95, 30-37.

Dauber, J. & Wolters, V. (2004) Edge effects on ant community
structure and species richness in an agricultural landscape.
Biodiversity and Conservation, 13, 901-915.

Davies, K.F., Chesson, P., Harrison, S., Inouye, B.D., Mel-
bourne, B.A. & Rice, K.J. (2005) Spatial heterogeneity
explains the scale dependence of the native—exotic diversity
relationship. Ecology, 86, 1602-1610.

Ding, T.S., Yuan, HW., Geng, S., Koh, C.N. & Lee, P.F. (2006)
Macro-scale bird species richness patterns of the East Asian
mainland and islands: energy, area and isolation. Journal of
Biogeography, 33, 683—693.

Diniz-Filho, J.A.F., Bini, L.M., Pinto, M.P., Rangel, T.F.L.V.B.,
Carvalho, P. & Bastos, R.P. (2006) Anuran species richness,
complementarity and conservation conflicts in Brazilian
Cerrado. Acta Oecologica, 29, 9-15.

Dormann, C.F. (2007) Effects of incorporating spatial auto-
correlation into the analysis of species distribution data.
Global Ecology and Biogeography, 16, 129—138.

Douglas, L. & Lake, P.S. (1994) Species richness of stream
stones: an investigation of the mechanisms generating the
species—area relationship. Oikos, 69, 387-396.

Dunn, R.R., Sanders, N.J., Fitzpatrick, M.C., Laurent, E., Les-
sard, P., Agosti, D., Andersen, A.N., Bruhl, C., Cerda, X.,

Journal of Biogeography 35, 2195-2206

Ants and people in Europe

Ellison, A.M., Fisher, B.L., Gibb, H., Gotelli, N.J., Gove, A.,
Guenard, B., Janda, M., Kaspari, M., Longino, J.T., Majer, J.,
McGlynn, T.P., Menke, S., Parr, C.L., Philpott, S.M., Pfeif-
fer, M., Retana, J., Suarez, A.V. & Vasconcelos, H.L. (2007)
Global ant (Hymenoptera: Formicidae) biodiversity and
biogeography — a new database and its possibilities. Myr-
mecological News, 10, 77-83.

Englisch, T., Steiner, EM. & Schlick-Steiner, B.C. (2005) Fine-
scale grassland assemblage analysis in Central Europe: ants
tell another story than plants (Hymenoptera: Formicidae;
Spermatophyta). Myrmecologische Nachrichten, 7, 61-67.

Espadaler, X., Tartally, A., Schultz, R., Seifert, B. & Nagy, C.
(2007) Regional trends and preliminary results on the
local expansion rate in the invasive garden ant, Lasius
neglectus (Hymenoptera, Formicidae). Insectes Sociaux, 54,
298-301.

Evans, K.L., van Rensburg, B.J., Gaston, K.J. & Chown, S.L.
(2006) People, species richness and human population
growth. Global Ecology and Biogeography, 15, 625-636.

Evans, K.L., Greenwood, J.J.D. & Gaston, K.J. (2007) The
positive correlation between avian species richness and
human population density in Britain is not attributable to
sampling bias. Global Ecology and Biogeography, 16, 300—
304.

Fauna Europaea (2004) Fauna Europaea database. Available at:
http://www.faunaeur.org (last accessed August 2007).

Fjeldsd, J. (2007) The relationship between biodiversity and
population centres: the high Andes region as an example.
Biodiversity and Conservation, 16, 2739-2751.

Gaston, K.J. (1992) Regional numbers of insect and plant
species. Functional Ecology, 6, 243-247.

Gaston, K.J. (2005) Biodiversity and extinction: species and
people. Progress in Physical Geography, 29, 239-247.

Gilbert, B. & Lechowicz, M.J. (2005) Invasibility and abiotic
gradients: the positive correlation between native and exotic
plant diversity. Ecology, 86, 1848-1855.

Glaser, F. (2006) Biogeography, diversity, and vertical distri-
bution of ants (Hymenoptera: Formicidae) in Vorarlberg,
Austria. Myrmecologische Nachrichten, 8, 263-270.

Gleich, M., Maxeiner, D., Miersch, M. & Nicolay, F. (2000) Life
counts: eine globale Bilanz des Lebens. Berlin Verlag, Berlin.

Goldstein, E.L. (1975) Island biogeography of ants. Evolution,
29, 750-762.

Gotelli, N.J. & Ellison, A.M. (2002) Biogeography at a regional
scale: determinants of ant species density in New England
bogs and forests. Ecology, 83, 1604—1609.

Gustavo, A., Brener, F. & Ruggiero, A. (1994) Leaf-cutting ants
(Atta and Acromyrmex) inhabiting Argentina — patterns in
species richness and geographical range sizes. Journal of
Biogeography, 21, 391-399.

Hardy, P.B. & Dennis, RL.H. (1999) The impact of urban
development on butterflies within a city region. Biodiversity
and Conservation, 8, 1261-1279.

Hawkins, B.A. & Porter, E.E. (2003) Does herbivore diversity
depend on plant diversity? The case of California butterflies.
The American Naturalist, 161, 40—49.

2203

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd



B. C. Schlick-Steiner et al.

Heinze, J., Cremer, S., Eckl, N. & Schrempf, A. (2006) Stealthy
invaders: the biology of Cardiocondyla tramp species.
Insectes Sociaux, 53, 1-7.

Herbers, J.M. (1989) Community structure in north tem-
perate ants: temporal and spatial variation. Oecologia, 81,
201-211.

Holldobler, B. & Wilson, E.O. (1990) The ants. Springer,
Berlin.

Holway, D.A. & Suarez, A.V. (2006) Homogenization of ant
communities in mediterranean California: the effects of
urbanization and invasion. Biological Conservation, 127,
319-326.

Jeanne, R.L. (1979) A latitudinal gradient in rates of ant pre-
dation. Ecology, 60, 1211-1224.

Johnson, J.B. & Omland, K.S. (2004) Model selection in
ecology and evolution. Trends in Ecology and Evolution, 19,
101-108.

Johnson, M.P., Frost, N.J., Mosley, M.W.]., Roberts, M.F. &
Hawkins, S.J. (2003) The area-independent effects of habitat
complexity on biodiversity vary between regions. Ecology
Letters, 6, 126—132.

Kaspari, M. (2004) Using the metabolic theory of ecology to
predict global patterns of abundance. Ecology, 85, 1800—
1802.

Kaspari, M., Alonso, L. & O’Donnell, S. (2000a) Three energy
variables predict ant abundance at a geographical scale.
Proceedings of the Royal Society B: Biological Sciences, 267,
485-489.

Kaspari, M., O’Donnell, S. & Kercher, J.R. (2000b) Energy,
density, and constraints to species richness: ant assemblages
along a productivity gradient. The American Naturalist, 155,
280-293.

Kaspari, M., Yuan, M. & Alonso, L. (2003) Spatial grain and
the causes of regional diversity gradients in ants. The
American Naturalist, 161, 459—477.

Kaspari, M., Ward, P.S. & Yuan, M. (2004) Energy gradients
and the geographic distribution of local ant diversity. Oec-
ologia, 140, 407—413.

Keith, M. & Warren, M. (2007) Can anthropogenic variables
be used as threat proxies for South African plant richness?
Bothalia, 37, 79-88.

Kissling, W.D., Rahbek, C. & Boehning-Gaese, K. (2007) Food
plant diversity as broad-scale determinant of avian frugivore
richness. Proceedings of the Royal Society B: Biological Sci-
ences, 274, 799-808.

Koh, CN., Lee, P.F. & Lin, R.S. (2006) Bird species richness
patterns of northern Taiwan: primary productivity, human
population density, and habitat heterogeneity. Diversity and
Distributions, 12, 546—-554.

Kreft, H. & Jetz, W. (2007) Global patterns and determinants
of vascular plant diversity. Proceedings of the National
Academy of Sciences USA, 104, 5925-5930.

Kusnezov, N. (1957) Numbers of species of ants in faunae of
different latitudes. Evolution, 11, 298-299.

Lessard, J.P. & Buddle, C.M. (2005) The effects of urbanization
on ant assemblages (Hymenoptera: Formicidae) associated

2204

with the Molson Nature Reserve, Quebec. Canadian Ento-
mologist, 137, 215-225.

Lomolino, M.V. (2000) Ecology’s most general, yet protean
pattern: the species—area relationship. Journal of Biogeogra-
phy, 27, 17-26.

Longino, J.T. (2007) Costa Rica ants. Available at: http://
www.antweb.org/costarica.jsp (last accessed August 2007).
Lopez-Moreno, LR., Diaz-Betancourt, M.E. & Landa, T.S.
(2003) Social insects in human environments — ants in the
city of Coatepec (Veracruz, Mexico). Sociobiology, 42, 605—

621.

Luck, G.W. (2007) A review of the relationships between
human population density and biodiversity. Biological Re-
views, 82, 607-645.

Luck, G.W., Ricketts, T.H., Daily, G.C. & Imhoff, M. (2004)
Alleviating spatial conflict between people and biodiversity.
Proceedings of the National Academy of Sciences USA, 101,
182-186.

McGlynn, T.P. (1999) The worldwide transfer of ants: geo-
graphical distribution and ecological invasions. Journal of
Biogeography, 26, 535-548.

McKinney, M.L. (2001) Effects of human population, area, and
time on non-native plant and fish diversity in the United
States. Biological Conservation, 100, 243-252.

McKinney, M.L. (2006a) Correlated non-native species rich-
ness of birds, mammals, herptiles and plants: scale effects of
area, human population and native plants. Biological Inva-
sions, 8, 415—425.

McKinney, M.L. (2006b) Urbanization as a major cause of
biotic homogenization. Biological Conservation, 127, 247—
260.

Moreno-Rueda, G. & Pizarro, M. (2007) The relative influence
of climate, environmental heterogeneity, and human pop-
ulation on the distribution of vertebrate species richness in
south-eastern Spain. Acta Oecologica, 32, 50-58.

Morrison, L.W. (1998) The spatiotemporal dynamics of
insular ant metapopulations. Ecology, 79, 1135-1146.

New, M., Lister, D., Hulme, M. & Makin, I. (2002) A high-
resolution data set of surface climate over global land areas.
Climate Research, 21, 1-25.

Novotny, V., Drozd, P., Miller, S.E., Kulfan, M., Janda, M.,
Basset, Y. & Weiblen, G.D. (2006) Why are there so many
species of herbivorous insects in tropical rainforests? Science,
313, 1115-1118.

Olden, J.D. & Rooney, T.P. (2006) On defining and quanti-
fying biotic homogenization. Global Ecology and Biogeogra-
phy, 15, 113-200.

Oliver, I. & Beattie, A.J. (1993) A possible method for the
rapid assessment of biodiversity. Conservation Biology, 7,
562-568.

Pautasso, M. (2007) Scale dependence of the correlation be-
tween human population presence and vertebrate and plant
species richness. Ecology Letters, 10, 16-24.

Pautasso, M. & Chiarucci, A. (2008) A test of the scale-
dependence of the species abundance people correlation for
veteran trees in Italy. Annals of Botany, 101, 709-715.

Journal of Biogeography 35, 2195-2206

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd



Pautasso, M. & McKinney, M.L. (2007) The botanist effect
revisited: plant species richness, county area, and human
population size in the United States. Conservation Biology,
21, 1333-1340.

Pautasso, M. & Weisberg, P.J. (2008) Negative density—area
relationships: the importance of the zeros. Global Ecology
and Biogeography, 17, 203-210.

Pfeiffer, M., Chimedregzen, L. & Ulykpan, K. (2003)
Community organization and species richness of ants
(Hymenoptera/Formicidae) in Mongolia along an ecological
gradient from steppe to Gobi desert. Journal of Biogeography,
30, 1921-1935.

Qian, H. (2007) Relationships between plant and animal
species richness at a regional scale in China. Conservation
Biology, 21, 937-944.

Qian, H. & Ricklefs, R.E. (2008) Global concordance in
diversity patterns of vascular plants and terrestrial verte-
brates. Ecology Letters, 11, 547-553.

Ribas, C.R. & Schoereder, J.H. (2007) Ant communities,
environmental characteristics and their implications for
conservation in the Brazilian Pantanal. Biodiversity and
Conservation, 16, 1511-1520.

Ribas, C.R., Schoereder, J.H., Pic, M. & Soares, S.M. (2003)
Tree heterogeneity, resource availability, and larger scale
processes regulating arboreal ant species richness. Austral
Ecology, 28, 305-314.

Ricklefs, R.E. & Lovette, 1.J. (1999) The roles of island area per
se and habitat diversity in the species—area relationships of
four Lesser Antillean faunal groups. Journal of Animal
Ecology, 68, 1142-1160.

Rico-Gray, V., Garcia-Franco, J].G., Palacios-Rios, M.,
Diaz-Castelazo, C., Parra-Tabla, V. & Navarro, J.A. (1998)
Geographical and seasonal variation in the richness of
ant—plant interactions in Mexico. Biotropica, 30, 190-200.

Rodrigues, A.S.L. & Brooks, T.M. (2007) Shortcuts for
biodiversity conservation planning: the effectiveness of
surrogates. Annual Review of Ecology, Evolution, and
Systematics, 38, 713-737.

Rohde, K. (1992) Latitudinal gradients in species diversity —
the search for the primary cause. Oikos, 65, 514-527.

Sanders, N.J., Moss, J. & Wagner, D. (2003) Patterns of ant
species richness along elevational gradients in an arid
ecosystem. Global Ecology and Biogeography, 12, 93—102.

Sanders, N.J., Lessard, J.-P., Fitzpatrick, M.C. & Dunn, R.R.
(2007) Temperature, but not productivity or geometry,
predicts elevational diversity gradients in ants across
spatial grains. Global Ecology and Biogeography, 16, 640—
649.

Sax, D.F. (2001) Latitudinal gradients and geographic ranges of
exotic species: implications for biogeography. Journal of
Biogeography, 28, 139-150.

Schlick-Steiner, B.C., Steiner, F.M., Moder, K., Seifert, B.,
Sanetra, M., Dyreson, E., Stauffer, C. & Christian, E. (2006)
A multidisciplinary approach reveals cryptic diversity in
Western Palearctic  Tetramorium ants (Hymenoptera:

Journal of Biogeography 35, 2195-2206

Ants and people in Europe

Formicidae). Molecular Phylogenetics and Evolution, 40, 259—
273.

Schoereder, J.H., Galbiati, C., Ribas, C.R., Sobrinho, T.G.,
Sperber, C.F., DeSouza, O. & Lopes-Andrade, C. (2004)
Should we use proportional sampling for species—area
studies? Journal of Biogeography, 31, 1219-1226.

Seifert, B. (2006) Temnothorax saxonicus (Seifert, 1995) stat.n.,
comb.n. — a parapatric, closely-related species of T. sordid-
ulus (Miller, 1923) comb.n. and description of two new
closely-related species, T. schoedli sp.n. and T. artvinense
sp.n., from Turkey (Hymenoptera: Formicidae). Myrmeco-
logische Nachrichten, 8, 1-12.

Seifert, B. (2007) Die Ameisen Mittel- und Nordeuropas. Lutra,
Tauer.

Steffan-Dewenter, 1. & Tscharntke, T. (2002) Insect commu-
nities and biotic interactions on fragmented calcareous
grasslands — a mini review. Biological Conservation, 104,
275-284.

Stephens, S.S. & Wagner, M.R. (2006) Using ground
foraging ant (Hymenoptera: Formicidae) functional groups
as bioindicators of forest health in northern Arizona
ponderosa pine forests. Environmental Entomology, 35, 937—
949.

Terayama, M. (1992) Structure of ant communities in East
Asia: 1. Regional differences and species richness. Bulletin of
the Biogeographical Society of Japan, 47, 1-31.

Turner, W.R., Nakamura, T. & Dinetti, M. (2004) Global
urbanization and the separation of humans from nature.
BioScience, 54, 585-590.

Underwood, E.C. & Fisher, B.L. (2006) The role of ants in
conservation monitoring: if, when, and how. Biological
Conservation, 132, 166—182.

Vazquez, L.B. & Gaston, K.J. (2006) People and mammals in
Mexico: conservation conflicts at a national scale. Biodiver-
sity and Conservation, 15, 2397-2414.

Vogiatzakis, I.N., Mannion, A.M. & Griffiths, G.H. (2006)
Mediterranean ecosystems: problems and tools for conser-
vation. Progress in Physical Geography, 30, 175-200.

Ward, P.S. (2005) A synoptic review of the ants of California
(Hymenoptera: Formicidae). Zootaxa, 936, 3—68.

Wetterer, J.K. (2002) Ants of Tonga. Pacific Science, 56, 125—
135.

Wilson, E.O. & Hélldobler, B. (2005) The rise of the ants: a
phylogenetic and ecological explanation. Proceedings of the
National Academy of Sciences USA, 102, 7411-7414.

Woinarski, J.C.Z., Reichel, H. & Andersen, AN. (1998)
The distribution of ants on the Wessel and English
Company Islands, in the seasonal tropics of Australia’s
Northern Territory. Australian Journal of Zoology, 46, 557—
578.

Wolters, V., Bengtsson, J. & Zaitsev, A.S. (2006) Relationship
among the species richness of different taxa. Ecology, 87,
1886—-1895.

Wright, M.G. & Samways, M.]J. (1998) Insect species richness
tracking plant species richness in a diverse flora: gall-insects

2205

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd



B. C. Schlick-Steiner et al.

in the Cape Floristic Region, South Africa. Oecologia, 115,
427-433.

Yamaguchi, T. (2005) Influence of urbanization on ant dis-
tribution in parks of Tokyo and Chiba City, Japan. IL
Analysis of species. Entomological Science, 8, 17-25.

Zhao, S.Q. & Fang, J.Y. (2006) Patterns of species richness for
vascular plants in China’s nature reserves. Diversity and
Distributions, 12, 364—372.

Zhao, S.Q., Fang, J.Y., Peng, C.H. & Tang, Z.Y. (2006) Rela-
tionships between species richness of vascular plants and
terrestrial vertebrates in China: analyses based on data of
nature reserves. Diversity and Distributions, 12, 189—194.

SUPPORTING INFORMATION

Additional supporting information may be found in the online
version of this article:

Appendix S1 Data used in the analyses.
Appendix S2 Additional models for native and exotic ant
species richness.

Please note: Wiley-Blackwell is not responsible for the content
or functionality of any supporting information supplied by the
authors. Any queries (other than missing material) should be
directed to the corresponding author for the article.

BIOSKETCHES

Birgit Schlick-Steiner and Florian Steiner are interested in the conservation, invasion biology, phylogeny, phylogeography,

population genetics, social organization, systematics and taxonomy of ants.

Marco Pautasso is interested in network epidemiology, landscape pathology and conservation biogeography.

Editor: Kate Parr

2206

Journal of Biogeography 35, 2195-2206

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd



