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Abstract

Purpose of Review Urbanization is increasing worldwide, transforming environmental and habitat parameters, and causing
adverse effects on organisms living in urban habitats. Urban studies on ground beetles are exponentially increasing and cover
all levels of biological organization. Still, to date, there is no comprehensive paper reviewing the impacts of urbanization on
ground beetles at different levels of biological organization.

Recent Findings At the population level, urbanization induces changes in the morphological characters, including fluctuating
asymmetry, physiological condition, behavioral characteristics, seasonal activity, population size, and genetic diversity in ground
beetles. Different species groups (habitat specialists vs. generalists, large vs. small-sized species, poor vs. good dispersers,
predators vs. herbivores) respond differently to urbanization. Community-level changes associated with urbanization include
the abundance, taxonomic as well as functional diversity, community assembly mechanisms, composition, and body size
distribution. At the ecosystem level, urbanization influences several ecosystem processes and functions related to ground beetles,
but data are only available concerning the edge effect and predation.

Summary Urbanization has a considerable effect at various levels of the biological organization on ground beetles living in urban
habitats. However, results—especially at the population and community levels—show inconsistent patterns. This discrepancy
may result from individual responses and different sensitivity of species to urbanization, suggesting the importance of individ-
ualistic and functional approach in future urban studies. To preserve a rich carabid diversity in urban areas, multi-scale
greenspace planning and management schemes are needed; these will also ensure both the recreational and the diversity-
preserving function of urban green spaces.

Keywords Carabids - Environmental changes - Functional groups - Population - Species - Urban biodiversity

Introduction

The earliest urban settlements were developed in
Mesopotamia, Egypt, and eastern Asia, but urbanization is
also one of the basic features of European civilization.
Starting in south-eastern Europe from approximately 700 Bc,
the process of urbanization gradually spread to the entire
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continent [1]. This process means the spatial expansion of
urban land use, the growth of urban population, and the spread
of urban way of life [2]. Urbanization has since spread world-
wide; today, 55% of the human population lives in urbanized
areas, and this trend is predicted to continue [1, 3].
Urbanization as a main form of anthropogenic activities is
an increasingly important force shaping the original, natural
environment by creating patchworks of modified land types.
Therefore, urbanization and the associated environmental im-
pacts have been and continue to be one of the greatest chal-
lenges facing humankind [4].

Urban areas also have profoundly changed environmental
conditions. One of these is the increasing proportion of artifi-
cial surfaces (sidewalks, roads, buildings). These surfaces al-
ter wind and water currents, influencing the microclimate [5].
An urban “heat island” forms, where the mean daily air (and
consequently also soil [6]) temperatures within cities becomes
1-5 °C warmer than in the surrounding, undeveloped area [7].
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As a result of global warming, this climate-related effect will
be even more accentuated, creating greater problems [8].
Other environmental parameters (e.g., humidity [9]) and soil
properties (compactness, soil pH) are also changed by urban-
ization [10]. Furthermore, urbanization increases the deposi-
tion of heavy metals and other pollutants [11], as well as of
nutrients [12].

Modifications in environmental parameters in urban habi-
tats generate stresses on living organisms, resulting in adverse
effects on their activity pattern, spatial distribution, phenolo-
gy, productivity, and biotic interactions [2], with subsequent
modifications of the structure and composition of biotic com-
munities [13, 14]. In addition, the (usually combined) loss,
fragmentation and modification of natural habitats, and the
appearance of exotic, invasive, and generalist species
strengthen the effects of urbanization on living organisms
and their communities [13, 15]. Consequent to these changes,
the ecosystem functions provided by them are also affected
[2]. For example, decomposition and mineralization rates are
usually lower in urban than non-urban habitats [6]. Similarly,
pollination efficiency is often lower in urban environments
than non-urbanized ones [16].

Most research on the impacts of urbanization was per-
formed on birds [17, 18], plants [19, 20], and terrestrial arthro-
pods [2, 21, 22¢]. Of the terrestrial arthropods, ground beetles
(Coleoptera: Carabidae) have been a particularly popular sub-
ject for urbanization studies [23-25]. Ground beetles are high-
ly appropriate objects for such studies because their taxonomy
and ecology are well known, are common in most terrestrial
habitats, and can easily be collected using standard methods
[26]. All these features make them a suitable indicator group
of human-caused disturbance and environmental quality [27].
Urban studies on ground beetles date back to the 1980s (e.g.,
[28]). The number of papers has rapidly increased since the
early 2000s (Fig. 1), likely due to international projects exam-
ining the effects of human-caused disturbance on ecosystems
(e.g., ILTER [29], GLOBENET [30], PREDICTS [31]).
Among these, the GLOBENET (Global Network for
Monitoring Landscape Change) project has a key role, as it
was established to assess and compare landscape changes re-
lated to human activities on a global scale, using a standard
urbanization gradient approach, a standardized field method-
ology (pitfall trapping), and a single group of invertebrates,
the ground beetles [30]. The GLOBENET project used the
gradient approach [10], but was restricted to examine the im-
pact of urbanization on forested habitats. Consequently, when
not otherwise specified, under “urban habitats” we mean “for-
est fragments in urban environments” in this review.
Published studies document various and often profound im-
pacts on ground beetles at various levels of biological organi-
zation [24, 25, 32]. To date, however, there is no review paper
summarizing the effects of urbanization on ground beetles
from the population level, through the (sub)community level
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Fig. 1 The number of published urban studies on ground beetles per year
for the period 1975-2020. The literature search was performed on 4 April
2020 in Web of Science, using the following search terms:
TOPIC = (urbanisation OR urbanization) AND TOPIC = (carabid*).
The fitted second order polynomial curve shows a significant
relationship (5, 30=52.33, p<0.001, R*=0.76)

to the ecosystem level. In the present paper, reviewing 139
published urban studies on ground beetles (Fig. 1), we aim to
fill this gap.

Effects of Urbanization at the Population
Level

Environmental and habitat changes, as well as disturbances
accompanying urbanization (e.g., “heat island” effect, pollu-
tion, poor habitat quality, fragmented and isolated habitat
patches) are manifested in morphological characteristics of
members of urban populations [33].

Of the morphological traits, body size is perhaps the most
important one since it is correlated with many aspects of life
history (reproduction rate, dispersal, development time) but
also has a significant impact on resource use and ecological
interactions [34]. Gray’s increasing disturbance hypothesis
[35] predicts that mean body size should decrease from less
to more disturbed habitats, in the present context from rural to
urban areas. Data are equivocal; changes in ground beetle
body size along urbanization gradients do not seem to show
a consistent pattern [36, 37]. Of the four species studied in and
around Hamburg, Germany, only the size of adult Carabus
nemoralis decreased significantly from the rural area toward
the center of the city [36]. Other studies showed even the
opposite trend, as adult body size in Carabus granulatus
[37], Pterostichus madidus, and Abax parallelepipedus in-
creased significantly with advancing urbanization [38].

Examining morphological traits of four common European
ground beetle species (A. parallelepipedus, Carabus
scheidleri, Carabus violaceus, and Pterostichus
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oblongopunctatus) along an urbanization gradient in and
around the cities of Vienna (Austria) and Debrecen
(Hungary), significant differences in the parameters of
antennomers, the maxillary palpus, the labial palpus, and the
length of the tibia and the elytra were found among rural,
suburban, and urban populations [39]. Results, however, seem
to be inconsistent, as some measured parameters were greater
in urban sites compared with rural ones (greatest length of the
tibia of A. parallelepipedus individuals and greatest length of
the second segment of the antenna and the greatest width of
the third palpomer of the maxillary palpus of C. scheidleri was
measured in urban specimens), while P. oblongopunctatus
showed the opposite tendency (greatest length of the third
segment of the antenna was in rural individuals) [39].

Several morphological traits are symmetrical.
Environmental stress disturbs the developmental stability of
an organism, causing deviations from symmetrical growth
[40]. The measurement of fluctuating asymmetry (FA) quan-
tifies random and non-directional deviations from perfect bilat-
eral symmetry and is regarded as an effective indicator of envi-
ronmental quality or stress [41, 42]. Along gradients from rural
forests to woodlots in the center of Hamburg (Germany), FA
(measured as the difference between the length of the right and
the left elytrum) of ground beetle species increased toward the
city center, indicating a negative effect of urbanization [36].
Similarly, significant asymmetry was found in the lengths and
widths of the third palpomer of the right and left maxillary
palpus and the widths of the second palpomer of the right and
left labial palpus for populations of four species
(A. parallelepipedus, C. scheidleri, C. violaceus, and
P. oblongopunctatus) along urbanization gradients of the cities
of Vienna (Austria) and Debrecen (Hungary) [39]. A study
along a Danish urbanization gradient, measuring eight metric
(Iength of the second and third antennal segments, elytral
length, length of the first tarsus segment, length of the first
and second tibiae, length of the proximal and distal spines on
the first femurs) and one meristic (the number of spines on the
second tibiae) traits of three species (C. nemoralis, Nebria
brevicollis, and Pterostichus melanarius), however, showed
inconsistent results [43]. This discrepancy further deepens the
debate over the applicability of FA to assess environmental
quality or stress [42].

Urbanization-induced environmental stress can also influ-
ence the body condition of individuals, either directly by
changes in behavior patterns (e.g., foraging success) or indi-
rectly through morphological changes (e.g., changes in body
size). Body condition could be a useful signal to characterize
environmental quality, as it provides a flexible feedback about
the physiological state of the individual [44]. Using a condi-
tion index, where the body mass is regressed on body size, and
the residuals provide an estimate of condition, Elek et al. [44]
showed that urban individuals of C. nemoralis had significant-
ly the best condition. The condition index for N. brevicollis,

however, was not significantly different between the rural and
urban habitats. Contrarily, P. melanarius showed significantly
better condition in rural forests than in the urban forest frag-
ments [44].

Individual physiological condition can also affect the resis-
tance to infections and pathogens. Studies investigating rural
and urban habitats simultaneously, however, are few, so there
is a gap in our knowledge about this phenomenon. A study
about infection on ground beetles by phoretic mites found that
the prevalence, mean abundance, mean, and median intensity
of phoretic mites on C. violaceus were significantly higher in
rural forests compared with urban forest fragments [45]. The
studied phoretic mite species use beetles only for transfer and
do not infect and damage them. Thus, the decrease of the
prevalence and mean intensity of these mites in urban habitats
indicates the effect of urbanization on mites, rather than the
impact of urbanization on beetle resistance to infections.

Urbanization can force individuals to change their behavior
in response to changing environmental conditions. Some be-
havioral traits, such as high exploration and high risk-taking,
may help to cope with altered conditions and/or for colonizing
urban habitats [46¢]. Testing exploratory and risk-taking be-
havior of ground beetles living in differently urbanized forests
in Hamburg, Germany, Schuett et al. [46¢°] found that indi-
viduals of urban populations of all four studied species
(A. parallelepipedus, P. oblongopunctatus, C. nemoralis,
N. brevicollis) showed a generally higher level of exploratory
behavior compared with individuals from rural populations.
This pattern, however, was clear only in one of the two years
of field study, raising questions about the consistency of indi-
vidual behavior.

Environmental pollution accompanied by urbanization
may cause serious damage to ecosystems and their inhabiting
organisms. Toxic elements can accumulate in soil and leaf
tissue as well as in consumers and decomposers through the
food chain [11]. Concentrations of toxic elements in leaf litter
differed between rural and urban habitats in Debrecen,
Hungary, indicating a potential for higher accumulation in
urban decomposers. Still, individuals of two generalist preda-
tory ground beetles (C. violaceus and P. oblongopunctatus)
that also feed on decomposers showed no significant differ-
ence in toxic element concentrations according to urbaniza-
tion level [11].

Changes in microclimate associated with urbanization
(e.g., the urban “heat island” effect) could influence the activ-
ity start or change the timing of activity peaks of urban pop-
ulations. Studies on seasonality of ground beetles along a
Danish urbanization gradient identified two main groups
[47, 48]. The first one includes species whose activity profiles
did not differ between rural and urban habitats (N. brevicollis
with bimodal and P. melanarius with unimodal activity pat-
tern). The second group consists of species whose activity
pattern varied remarkably among the differently urbanized
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habitats. Adults of C. nemoralis appeared about 4 weeks ear-
lier in the urban forest patches than the rural ones and showed
a steep autumn activity increase in the rural habitats [47, 48].

Environmental changes caused by urbanization can have
positive, negative, and neutral effects on population sizes [49].
Based on a meta-analysis, many species show consistent re-
sponses across the urbanization gradient and might therefore
be considered urban avoiders or urban exploiters, while nu-
merous others are relatively insensitive to urbanization [25].
Accordingly, the number of individuals in several urban pop-
ulations can be significantly lower (Cychrus caraboides in
southern Finland [50]; Carabus convexus, Ophonus nitidulus,
and P. oblongopunctatus in a Hungarian city [51]), higher
(Pterostichus mannerheimii and P. oblongopunctatus in
Yekaterinburg, Russia [52]; Amara convexior in Berlin,
Germany [53] and Debrecen, Hungary [51]), or about the
same (Pterostichus magus in a Russian megalopolis [52];
Amara saphyrea, Anisodactylus nemorivagus, Bembidion
lampros, Harpalus luteicornis, Notiophilus rufipes,
P. melanarius, Pterostichus niger, and Stomis pumicatus in
eastern Hungary [51]) than their equivalent rural populations.

Fragmentation and isolation as well as lower habitat quality
of remnant urban habitat patches may lead to increased genet-
ic differentiation as a result of founder effects, genetic drift,
demographic bottlenecks, and local selection [54]. Examining
genetic diversity and differentiation of two ground beetle spe-
cies in forests along rural-urban gradients in two cities
(Brussels and Birmingham), based on allozymes, Desender
et al. [55] found that P. madidus populations in Birmingham
expressed significantly higher levels of heterozygosity in
smaller urban and suburban forest patches than in rural forests.
By contrast, the allelic richness of A. parallelepipedus popu-
lations in Birmingham, UK, appeared to be unrelated to the
degree of urbanization surrounding the forest site [55].

Although, as shown, the impact of urbanization can be
detected at the population level in ground beetles, these find-
ings are inconsistent (Table 1). It seems that different species,
and even the same species in different localities, could show
conflicting responses to urbanization, currently preventing to
draw reliable generalizations on population-level responses to
urbanization in ground beetles.

Effects of Urbanization
at the Subcommunity/Species Group Level

Inconsistent population-level results may be due not only to
the diverse responses of ground beetle individuals to urbani-
zation but also to different sensitivity of species to anthropo-
genic environmental changes. Some groups (habitat specialist
species, large-sized species, species with limited dispersal
power) may have narrower tolerance limits and would conse-
quently suffer, while others (generalist and matrix species,
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small-sized species, good dispersers) can benefit from the
changes in habitats and environmental conditions caused by
urbanization. Therefore, urban studies could benefit from an
approach centered on species groups, to evaluate the real ef-
fects of urbanization [25, 32].

Native, habitat specialist species generally are more abun-
dant in rural than in urban forests [56-58] or grasslands [59].
Contrarily, species from the matrix, such as open-habitat spe-
cies in forest patches, are more numerous in urbanized than
rural habitats [56, 58]. Habitat generalist species show various
patterns, as their abundance may be higher [57, 58], lower
[60], or similar [61] in rural than in urban ones. Results from
syntheses of published data support the assumption that spe-
cies with the same habitat affinity show consistent abundance
patterns along urbanization gradients: habitat specialist spe-
cies tend to be more common in rural zones, while matrix
species (e.g., open-habitat species in forested habitats) domi-
nate in the urban areas [24, 25].

Body size may be an important predictor of sensitivity to
environmental hazard. Large-bodied species may be more
vulnerable to disturbance than smaller ones, possibly because
of their lower reproductive output and dispersal power [62].
Therefore, species belonging to different size classes may be
differently impacted by urbanization. Urbanization indeed has
a negative effect on the abundance of large-sized (>
12.51 mm) ground beetles [24, 25, 38, 60, 63, 64], while there
are no uniform patterns regarding medium- and small-sized
species [25, 63, 65].

Dispersal power, connected to the presence or absence of
flight ability, may also be an important trait in changing envi-
ronments. Species with long-winged or wing-dimorphic indi-
viduals may be less prone to decline than those that are exclu-
sively short winged [62]. Indeed, urban habitats are usually
characterized by the dominance of good disperser (long-
winged and wing-dimorphic) species [65], whereas poor dis-
perser (short-winged) species are more common in rural hab-
itats [24, 25, 38].

Another important feature under strong impact by urbani-
zation is the feeding habit. In urban sites, changes in environ-
mental conditions, pollution, and invasion of exotic plants
have potential impacts on food resources of ground-dwelling
arthropods, influencing their abundance either directly or in-
directly [22¢]. Zoophagous (carnivorous or predatory) species,
potential indicators of natural ecosystems, are regarded as the
most sensitive to urbanization-driven disturbance [66].
Results from an extensive meta-analysis clearly show that
urbanization has a negative effect on the abundance of preda-
tory species [25].

Combining habitat specialization, body size, and feeding
habit may be a particularly powerful indicator of urbanization.
In urban habitats, large-bodied forest specialists may
completely disappear, while small-sized forest specialists
and medium-sized habitat generalists show higher abundance
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Table 1 Changes in characteristics of ground beetles with advancing urbanization at the population level

Characteristic, species Detected change Reference number*

Genetic structure

Heterozygosity in Pterostichus madidus Higher 55
Allelic richness of Abax parallelepipedus No change 55
Body size
Abax parallelepipedus Increased 38
Calathus fuscipes No change 36
Carabus granulatus Increased 37
Carabus nemoralis Decreased 36
Leistus rufomarginatus No change 36
Nebria brevicollis No change 36, 38
Pterostichus madidus Increased 38
Morphological parameters
Abax parallelepipedus, tibial length Increased 39
Carabus scheidleri, length of 2nd antennal segment Increased 39
Carabus scheidleri, width of 3rd palpomer of the maxillary palpus Increased 39
Pterostichus oblongopunctatus, length of 3rd antennal segment Decreased 39
Pterostichus oblongopunctatus, left/right difference in elytral length Increased 36
Carabus nemoralis, left/right difference in eight metric and one meristic traits No change 43
Nebria brevicollis, left/right difference in eight metric and one meristic traits No change 43
Pterostichus melanarius, left/right difference in eight metric and one meristic traits No change 43
Condition
Carabus nemoralis Better 44
Nebria brevicollis No change 44
Pterostichus melanarius Worse 44
Infection
Carabus violaceus, infection by phoretic mites Lower 45
Exploratory behavior
Abax parallelepipedus Higher 46
Carabus nemoralis Higher 46
Nebria brevicollis Higher 46
Pterostichus oblongopunctatus Higher 46
Toxic element concentrations
Carabus violaceus No change 11
Pterostichus oblongopunctatus No change 11
Seasonal activity
Carabus nemoralis Earlier emergence 47,48
Nebria brevicollis No change 47, 48
Pterostichus melanarius No change 47, 48
Abundance
Carabus convexus Lower 25,51
Cychrus caraboides Lower 25,50
Ophonus nitidulus Lower 51
Pterostichus niger Lower 25
Pterostichus oblongopunctatus Lower 25,51
Stomis pumicatus Lower 25
Anisodactylus nemorivagus No change 51
Amara saphyrea No change 51
Bembidion lampros No change 25,51
Harpalus luteicornis No change 25,51
Notiophilus rufipes No change 25,51
Pterostichus magus No change 52
Pterostichus melanarius No change 25,51
Pterostichus niger No change 51
Stomis pumicatus No change 51
Amara convexior Higher 25,51, 53
Pterostichus mannerheimii Higher 52
Pterostichus oblongopunctatus Higher 52

*See the reference list

[67]. In contrast, rural habitats are characterized by large- and  habitat species (e.g., Amara brunnea, Leistus ferrugineus,
medium-sized forest specialists and small-sized habitat gener-  and Pterostichus strenuus) are relatively more abundant in
alists [67]. Moreover, macropterous, good disperser open-  urban forest patches than in rural forested areas [68]. By
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synthesizing the results of individual studies, it is clear that
urbanization has the most detrimental effect on the abundance
of large-sized, predatory, or omnivorous forest-specialist spe-
cies [25].

Species richness or diversity of the sub-assemblages of
species with different habitat affinity show fairly uniform pat-
terns along urbanization gradients, although there is a study
reporting no trends [61]. The diversity of forest specialist spe-
cies is higher in rural forests than in urban fragments in both
Northern [63], Western [38], and Eastern Europe [58, 69, 70],
as well as North America [56]. A recent study, using ground
beetle data from nine countries and the Rényi diversity order-
ing method [71], reported a robust relationship in the diversity
of the forest specialist species: at all locations, the sub-
assemblages of these species were unequivocally more di-
verse in the rural than the urban habitats. [32]. The diversity
of open-habitat species increases from the rural forest toward
the urban forest patches [56, 58, 63, 70].

Ground beetles show a generally consistent pattern along
urbanization gradients at the subcommunity/species group
level (Table 2). Some groups of species (habitat specialist,
large-sized, carnivorous species with limited dispersal
power) seem to suffer, while others (small-sized,
omnivorous, or herbivorous, good disperser matrix species)
can benefit from changes in environmental and habitat condi-
tions accompanying urbanization.

Effects of Urbanization at the Community
Level

Several hypotheses are formulated to describe the impacts of
disturbance on biotic communities. The intermediate distur-
bance hypothesis [72] predicts an increase in diversity at in-
termediate levels of disturbance, in moderately disturbed sites.
The increasing disturbance hypothesis [35], on the other hand,
forecasts a decrease in diversity as the level of disturbance
increases. For ground beetles, only one study confirmed the
intermediate disturbance hypothesis, as overall carabid abun-
dance was significantly the highest at the moderately dis-
turbed suburban sites [73]. Other studies generally showed a
decrease in overall abundance from the rural habitats toward
the urban ones, be that in Asia [67] or in Europe [57, 58, 70,
74, 75]. In contrast, ground beetle abundance was significant-
ly lower in rural habitats than in urban ones in a Russian
megalopolis, Yekaterinburg [52, 76]. Furthermore, overall
ground beetle abundance was not significantly different be-
tween rural and urban sites in Bulgaria [75], France [61],
Finland [60], and Canada [75]. The studied Canadian city
(Edmonton), however, was characterized by a numerical dom-
inance of exotic ground beetles, and when these were included
in the analysis, overall abundance increased significantly from
rural to urban sites [75]. A meta-analysis of 18 studies
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concluded that the total number of ground beetles in a com-
munity did not differ between rural and urban sites [25].

Trends in overall species richness or species diversity are
quite similar to those of abundance. Only one study showed
elevated ground beetle diversity in suburban sites, conforming
to the predictions of the intermediate disturbance hypothesis
[73]. Species richness or diversity of ground beetles decreased
from rural to urban areas in Birmingham, UK [38], Brussels,
Belgium [57], Halle, Germany [77], Hamburg, Germany [36],
Helsinki, Finland [68, 75], Hiroshima, Japan [67], Paris,
France [74], and Rennes, France [78]. In Edmonton
(Canada), the mean species richness also significantly de-
creased from rural to urban sites; however, with the inclusion
of introduced species, the difference became non-significant
[75]. In other data sets from Debrecen, Hungary [58, 70],
Helsinki, Finland [60], Pacé, France [61], Sofia, Bulgaria
[75], and Sorg, Denmark [63], there were no significant dif-
ferences in species richness between the rural and urban hab-
itats. Moreover, in General Pueyrredon district (Argentina)
[65], Sore (Denmark) [79], and Yekaterinburg (Russia) [52,
76], there were significantly fewer species or lower diversity
in the rural sites compared with the urban ones. Comparing
ground beetle data from nine locations by diversity ordering
methods, Magura et al. [32] found that overall diversity
showed inconsistent trends by urbanization intensity. In con-
trast, a meta-analysis including data sets from 15 localities
found that urbanization had a negative effect on ground beetle
species richness [25]. Overall, it seems that abundance or spe-
cies richness is not an entirely suitable parameter to indicate
the impacts of urbanization on ground beetles. Even within a
taxonomic group, different sets of species may show differing
tolerances or affinities toward urbanization-driven environ-
mental changes. Thus, due to the often conflicting responses
of species groups to urbanization, the direction of changes of
overall abundance and species richness may be unpredictable.

Functional diversity is a key component of biodiversity, as
it is a good predictor of the functioning, stability, and resil-
ience of both communities and ecosystems [80, 81]. Yet, com-
parisons of functional diversity across differently urbanized
habitats are rare in urbanization studies of ground beetles. A
study in Zurich, Switzerland found a significant decrease in
ground beetle functional diversity from rural to urban areas,
indicating the filtering process that preferred species pre-
adapted to urban conditions [82¢¢].

The knowledge of which species are filtered out from urban
habitats is important to understand community assembly and
to develop management actions to cope with human impacts
during urban development [82¢¢]. In the urban green spaces of
Zurich (Switzerland), strong environmental filtering from a
regional to urban species pool was identified, leading to the
selection of lowland-preferring, winged, drought-tolerant spe-
cies with broad feeding preferences (omnivores) [82¢¢].
Although xerophilic species also dominated in the city of
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Table 2 Changes in abundance and diversity of ground beetles with advancing urbanization at the subcommunity/species-group level
Characteristic, group Detected change Reference number*
Abundance
Native, habitat specialist species Lower 24,25, 56, 57, 58, 59
Matrix species Higher 24,25, 56, 58
Habitat generalist species Lower 60
Habitat generalist species No change 61
Habitat generalist species Higher 57,58
Species of large body size Lower 24, 25, 38, 60, 63, 64
Good disperser (long-winged and wing-dimorphic) species Higher 65
Open-habitat-preferring, good disperser (macropterous) species Higher 68
Poor disperser (short-winged) species Lower 24, 25, 38
Zoophagous (carnivorous or predatory) species Lower 25, 66
Forest specialist species of large body size Lower 67
Forest specialist, predatory or omnivorous species of large body size Lower 25
Forest specialist species of large and medium body size Lower 67
Forest specialist species of small body size Higher 67
Habitat generalist species of medium body size Higher 67
Habitat generalist species of small body size Lower 67
Diversity
Forest specialist species Lower 32, 38, 56, 58, 63, 69, 70
Open-habitat species Higher 56, 58, 63, 70

*See the reference list

Debrecen (Hungary), the co-occurring species were function-
ally and phylogenetically not different from the null model,
indicating that urban communities there were assembled from
the regional species pool by a stochastic (random) process
[83¢¢]. Irrespective of whether species with appropriate traits
and tolerance limits for urban environments are assembled
from the regional pool by deterministic or stochastic process-
es, urban ground beetle communities usually consist of spe-
cies with tolerance of higher temperatures, with better dispers-
al capacities and broader habitat preferences compared with
species from rural communities [74, 84e, 85, 86, 87]. The
species in urban habitats mostly originate from the surround-
ing matrix (agricultural areas, plantations, secondary habitats)
mainly through immigration [88]. These shifts seem to funda-
mentally and consistently alter the species composition in ur-
ban habitats [24, 32]. Indeed, results from Asian [67, 89],
European [38, 58, 63, 68, 73, 84¢], and North-American [56]
studies show that carabid community composition in urban
habitats significantly differ from that of non-urbanized ones.
This is, however, not always the case. One Finnish study did
not show marked differences in community structure along
the urbanization gradient [75], and ground beetles in
Bulgaria and Canada did not separate into distinct rural and
urban communities [75].

From the changes in species composition in urban habitats,
it could be assumed that urbanization will homogenize the
taxonomic composition of ground beetles and create similar
communities in urban habitats [32]. However, this does not
seem to be so. Analyzing species composition of rural and
urban habitats from nine countries (north-western European,
south-eastern European, and locations outside Europe), the
urban communities were more similar to their local rural coun-
terpart than urbanization stages were to each other within the
given geographical region [32]. Urbanization therefore did not
homogenize ground beetle communities, possibly indicating
the influence of local matrix species. However, the immigra-
tion of matrix species into urban habitats seems to be unpre-
dictable. Such stochastic species influx can lead to heteroge-
neous and locally different urban communities, preventing
taxonomic homogenization and the assembly of “urban-spe-
cific” carabid communities [32].

Body size distribution can regulate biotic interactions, thus
influencing ecological networks and functions [90¢]. Higher
ambient temperature causes increased metabolic costs in ecto-
thermic organisms. Thus, it is expected that increased temper-
atures accompanied by urbanization (the urban heat island
effect) will reshape body size distribution in communities,
driving shifts to smaller body sizes [90¢]. Results from
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Belgium [90e, 91], Bulgaria [75], the Czech Republic [28],
Germany [92], Hungary [64, 70], Poland [93], Slovakia
[28], and the UK [38] suggest a general trend that urban com-
munities consist of smaller species than rural ones. A similar
but only marginally significant trend was reported from
Finland [75]. However, no significant changes in body size
were detected in Canada [75] and Germany [36]. A recent
study assumes that shifts to smaller body sizes in urban com-
munities cannot be uniform since body sizes of immigrating
species from the surrounding matrix into urbanized habitats
are unpredictable. Moreover, these matrix species may be
more tolerant of higher ambient temperatures, and therefore,
the temperature-driven phenotypic change in size could be
reduced or eliminated [94¢]. Indeed, by re-analyzing data from
11 countries, there was no general trend toward reduced body
size in carabid communities living in urbanized habitats [94¢].
Stochastic processes (colonization and survival of matrix
species, moreover the survival of habitat specialist species in
urban environment) fundamentally determine the community-
level responses of ground beetles to urbanization, making the
direction of changes in community parameters (abundance,
taxonomic and functional diversity) unpredictable (Table 3).

Effects of Urbanization at the Ecosystem Level

In this context, all biotic interactions between communities,
and ecological processes simultaneously influencing several
communities, are interpreted as phenomena above the com-
munity level and are referred to as ecosystem-level processes.
These include the loss of habitat, reduction of patch size, frag-
mentation, and isolation of remnant habitat patches in urban

areas, which cause changes in abundance and spatial pattern
of species, influencing the composition of communities.
Changes at the population and/or community level can also
force modifications in ecosystem processes and functions.

Organisms occurring in fragments are exposed to condi-
tions similar to those in the surrounding matrix habitat. This
so-called “edge effect” has a substantial impact at population,
community, and ecosystem levels [95]. Management practices
of urban habitats may alter the location and intensity of edge
effects [96]. The abundance of forest specialist carabids was
similar in edges maintained by natural processes and their
interiors, while it was significantly lower in the edges than
interiors of urban forest fragments [97, 98]. The filtering func-
tion of variously maintained edges is fundamentally different.
For forest specialist species, edges maintained by natural pro-
cesses are penetrable, allowing these species to enter and cross
the edges. However, edges created by urbanization are impen-
etrable, blocking the emigration of forest specialists from the
forest fragments, contributing to even higher isolation of these
species [97, 98]. Similarly, the abundance of predatory ground
beetles was higher in natural edges than their forest interiors,
while no similar pattern was detected in edges sustained by
urbanization. These results suggest that structural and envi-
ronmental changes at the edges of urban forest fragments
may have negative effects on ecosystem services like pest
control [99].

Predation, with its community structuring effects, is one of
the most important ecosystem processes [100]. Changes in
habitat quality and the accompanying environmental condi-
tions have serious impacts on predators. Predation pressure
is lower in urban than rural habitats [101] even though this
conclusion is mostly based on predation by vertebrates.

Table 3  Changes in characteristics of ground beetles with advancing urbanization at the community level

Characteristic Detected change Reference number*

Abundance Lower 57, 58, 67,70, 74, 75

Abundance No change 25, 60, 61,75

Abundance Higher 52,76

Species richness or diversity Lower 25, 36, 38, 57, 67, 68, 74, 75, 77, 78
Species richness or diversity No change 58, 60, 61, 63, 70, 75

Species richness or diversity Higher 52, 65,76, 79

Functional diversity Lower 82

Community assembly Became stochastic 83

Community composition Became different 38, 56, 58, 63, 67, 68, 73, 84, 89
Community composition No change 75

Taxonomic homogenization None 32

Community weighted mean body size Decreased 28, 38, 64, 70, 75, 90, 91, 92, 93, 94
Community weighted mean body size No change 36,75, 94

Community weighted mean body size Increased 94

*See the reference list
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Table 4 Changes in ecosystem-level characteristics of ground beetles with advancing urbanization

Characteristic

Detected change Reference number*

Filter function of edges for forest specialist species
Filter function of edges for predatory species
Predation pressure

Predation pressure

Got impermeable 97

Got impermeable 98
Lower 101, 102
No change 102

*See the reference list

Measuring predation pressure along an urbanization gradient
in Denmark using artificial caterpillars, it was found that
chewing insects, mostly ground beetles, showed higher pre-
dation pressure in rural forests compared with urban forest
fragments [102]. Likewise, along a riverside urbanization gra-
dient in Hungary, arthropod attacks on sentinel prey on tree
trunks decreased from rural to urban habitats [103]. At ground
level, however, predation pressure was not significantly dif-
ferent [103]. Apart from pest control, ground beetles are in-
volved in other ecosystem services, such as weed control
through seed predation [104], and scavenging [105], but there
are no studies on these services in urban environments.

At the ecosystem level, so far only edge effects and preda-
tion pressure have been studied. Difference in the dispersal
filter function of natural versus urbanization-generated edges
is well documented. Predation pressure by invertebrate pred-
ators (mostly ground beetles) shows some trends to decrease
as urbanization advances, but this is based on two studies
only, and even within those, the trend is not unequivocal
(Table 4).

Preserving Ground Beetle (and Invertebrate)
Diversity in Urban Areas

Urban green areas not only have recreational importance but
substantially contribute to the quality of urban life [106]. In
addition, they provide suitable habitats for numerous species,
increasing urban biodiversity [58, 63, 106]. The currently
dominant intense urban habitat management, including fre-
quent mowing, strong pruning, and removal of decaying
wood, however, is one of the leading causes of homogeniza-
tion and impoverishment of urban arthropod assemblages
[107]. Abandoning these practices, and adopting a “soft” man-
agement such as practiced in Denmark, will have a positive
effect not only on ground beetle diversity [63] but on other
invertebrates as well. It is also worth remembering that ground
beetle larvae are more sensitive to environmental (mainly soil)
conditions than adults [26], and providing suitable develop-
mental conditions for larvae will dampen density fluctuations
and thus reduce population extinction in habitat fragments.
Comparing carabid assemblages under compact versus
conventional urban planning forms in Western France showed

the superiority of the compact design to preserve carabids:
both the total abundance and the abundance of large species
was significantly higher in the compact neighborhood design
(with concentrated, higher housing density, but larger and
more connected public green spaces and hedgerows) com-
pared with the conventional design that had lower housing
density, but less dense and more fragmented public green
spaces and hedgerows [108]. High-density development over
a small area (compact development) minimizes the impacts of
a given human population on ground beetles also in Canada
[109]. At the landscape scale, landscape composition and the
configuration of natural areas are key issues for species sur-
vival in urban habitat fragments [110]. This requires the ap-
plication of the metapopulation concept, and landscape-scale
thinking, considering not only the maintenance and/or resto-
ration of high quality source habitats but the conservation or
creation of effective corridors or stepping stones promoting
species dispersal between matrix habitats and urban fragments
[78, 111, 112].

This leads to the need of a holistic, multi-scale management
and planning scheme to adequately conserve and restore bio-
diversity in urbanized areas [106]. At the habitat scale, con-
servation of existing urban green spaces [59, 77, 113], reduc-
ing the intensity of management operations [53], switching to
ecologically oriented management [59], and improving the
quality of these green spaces by modifying their size [57]
and/or shape to increase the core area and reduce edge effects
[114], and by ecological restoration that creates structurally
and compositionally diverse vegetation [111, 113] can pro-
mote diverse urban invertebrate communities. At the city
scale, establishment of semi-natural habitat patches
[111,113], reconnecting of urban green spaces [49, 53, 59],
and a paradigm shift in urban planning [106] can assist to
preserve and enhance not only carabids but urban biodiversity
in general.

Conclusions
The available evidence confirms that urbanization has a sub-

stantial effect at all levels of biological organization on ground
beetles living in urban green spaces.
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At the population level, changes in environmental and hab-
itat parameters caused by urbanization enforce shifts in mor-
phological characteristics of ground beetles, size variation,
and body condition. However, direct evidence, e.g., by com-
paring fat reserves between individuals living in urban versus
rural populations, is still missing. Urbanization may also have
an impact on behavioral traits, such as exploration and risk-
taking. Environmental changes by urbanization (e.g., heat is-
land effect, pollution) may be manifested in changes of sea-
sonal activity and toxic element accumulation. Moreover, en-
vironmental changes can intensify the effects of habitat alter-
ation (fragmentation, isolation, habitat deterioration),
influencing the size and genetic diversity of urban popula-
tions. Population-level effects, however, show inconsistent
patterns. This may result from different species responses,
but also from differences in the urbanization gradients that
are not rigorously defined or characterized. Thus, simulta-
neous population-level studies using the same methodology
along identical, well-characterized urban gradients are
essential.

Different sensitivity to urbanization may contribute to in-
consistencies in the available population-level results. At the
subcommunity/species group level, ground beetles show a
consistent pattern along urbanization gradients: habitat spe-
cialist, large-sized, carnivorous species with limited dispersal
power seem to suffer, while small-sized, omnivorous, or her-
bivorous, good disperser matrix species benefit from
urbanization-induced changes in environmental and habitat
conditions.

At the community level, the urbanization-driven changes
constitute a strong environmental filter, enabling only species
with traits and tolerance limits appropriate for urban environ-
ment to become members of the urban species pool. However,
it is not guaranteed that these filtered species can permanently
survive and maintain viable populations in urban habitats.
This depends on the landscape configuration, management
intensity, and their dispersal characteristics. At the same time,
some habitat specialist species are also able to adapt to urban
conditions and thus survive in urban habitats. These stochastic
processes fundamentally determine the abundance, the taxo-
nomic and functional diversity of the community. Currently,
the functional approach is quite neglected in urban ground
beetle ecology, so more studies are needed on this topic.

Of the ecosystem processes relevant for ground beetles, so
far only edge effects and predation have been quantitatively
studied. Other important processes, such as competition, the
role of pathogens, or parasitism, remain unexplored. As ur-
banization also alters the species composition of spiders [115,
116], ants [69, 117], and rove beetles [81], which are strong
competitors of ground beetles [26], studies on intraguild com-
petition would be informative.

To preserve ground beetle diversity in urban areas, a holis-
tic, multi-scale management at multiple (habitat, city, and

@ Springer

landscape) scales is needed. At the habitat scale, conversion
to ecologically oriented management aimed at improving hab-
itat quality, at the city scale, establishing, reconnecting of
urban green spaces, and compact city planning, while at the
landscape scale, optimal landscape composition and configu-
ration considering the dynamics of sources, corridors, and
fragments can preserve and enhance the diversity of not only
carabids but other organisms as well.
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