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bstract

The activity–density pattern of frequent carabid species was studied using pitfall traps in forest patches along an urbanisation gradient defined
n terms of the ratio of the built-up area to the natural habitat. We predicted that the activity–density of the forest specialist carabid species should
ecrease from rural sites to the more altered urban ones. We also predicted, that there is no unique pattern for the generalist species, because
he activity–density pattern is controlled by their autecological characteristics in a complex interaction with the environmental variables, and
rbanisation/disturbance level. Moreover, we identified the environmental factors responsible for the observed variation in carabid activity–density.

As predicted, the activity–density of two forest specialist species (Carabus convexus, Pterostichus oblongopunctatus) decreased significantly from
ural sites to urban ones. The activity–density of the generalist species, Amara convexior, was higher in the heavily disturbed urban sites. The gen-
ralist species, Ophonus nitidulus, was significantly more abundant in the rural sites. The other five frequent generalist species (Notiophilus rufipes,
terostichus melanarius, Harpalus luteicornis, Pterostichus niger, Stomis pumicatus) showed no significant changes in activity–density along the

radient. The two open-habitat species (Anisodactylus nemorivagus, Bembidion lampros) also showed no significant changes in activity–density
long the gradient. Canonical correspondence analysis highlighted that the variation in the activity–density of the studied species was related to the
ollowing environmental factors: ground temperature, air temperature, relative humidity, leaf-litter cover, cover of decaying wood material, herbs,
hrubs, and to the amount of prey items.

2008 Elsevier B.V. All rights reserved.
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. Introduction

Today, most people are city dwellers and roughly 80% of the
uman population of developed countries lives in and around
ities (United Nations, 2004). Increasing urbanisation changes
large number of factors, including temperature (Hawkins et

l., 2004), utilisable carbon (Pouyat et al., 2002) and nitrogen
evels (Zhu and Carreiro, 2004), leaf-litter decomposition rates
McDonnell et al., 1997), soil properties (Pouyat et al., 1995),
rampling intensity (Grandchamp et al., 2000), numbers of

xotic, invasive and generalist floral and faunal species (Weifeng
t al., 2006; Godefroid and Koedam, 2003), habitat loss and frag-
entation (Gibbs and Stanton, 2001; Gibb and Hochuli, 2002).

∗ Corresponding author. Tel.: +36 52 529 920; fax: +36 52 529 940.
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In 1998, an international initiative, the Globenet programme
Global Network for Monitoring Landscape Change), com-
enced to assess and compare the impact of urbanisation

Niemelä and Kotze, 2000; Niemelä et al., 2000). As the
ffects of urbanisation on biodiversity can be explored most
ffectively through investigations along rural-to-urban gradi-
nts (McDonnell et al., 1997), the Globenet programme also
mployed this gradient approach. The Globenet programme
sed a common, standardised methodology (pitfall trapping)
nd a common invertebrate taxon (carabid beetles; Coleoptera:
arabidae) to analyse how invertebrate assemblages vary across

he different parts of the world along the rural–urban gradi-
nts (Niemelä et al., 2000). Carabid beetles were selected as

he focal taxon because they are fairly easy to collect and pre-
erve, diverse and abundant, taxonomically and ecologically
ell known and their relatively short generation times mean that

hey may respond quickly to anthropogenic effects (Lövei and

mailto:magura@www.hnp.hu
dx.doi.org/10.1016/j.landurbplan.2008.01.005
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underland, 1996). All these features of carabid beetles make
hem a reliable monitoring group (McIntyre, 2000; Rainio and
iemelä, 2003).
Globenet programme results concerning carabid beetles have

een published from Belgium, Bulgaria, Canada, Denmark,
ngland, Finland, Hungary and Japan (Alaruikka et al., 2002;
iemelä et al., 2002; Ishitani et al., 2003; Venn et al., 2003;
agura et al., 2004b, 2005b; Elek and Lövei, 2005, 2007;
aublomme et al., 2005; Tóthmérész and Magura, 2005; Sadler

t al., 2006). Up to now, these studies have analysed how
pecies richness and activity–density of carabid assemblages
ary along the rural–urban gradients, but neglected to investi-
ate the occurrence pattern of individual carabid species across
he gradients. However, analysing variations in activity–density
t the species level along the rural–urban gradient is extremely
mportant, because urbanisation first affects the population level,
nd changes at population levels generate alteration afterwards
n the community level.

The aim of this study was to investigate the effects of
rbanisation on the occurrence pattern of carabid beetles along
rural–urban gradient and to identify environmental factors

esponsible for the observed occurrence pattern. We tested the
ollowing predictions: (1) increasing disturbance of the forested
abitats affects the forest specialists; we hypothesised that the
ctivity–density of the forest specialist carabid species should
ecrease from the less modified forested rural sites to the more
ltered urban ones; (2) there is no clear, unique activity–density
attern along the rural–urban gradient for the generalist species.
t is controlled by numerous factors; the autecological charac-
eristics of these species are in a complex interaction with the
nvironmental variables and the urbanisation/disturbance level.

. Materials and methods

.1. Study area and sampling methods

Carabid beetles were studied along a rural–urban gradient in
ebrecen, the second largest city of Hungary (Magura et al.,
004b). The rural, suburban and urban sampling areas were all
art of a once-continuous forest (Nagyerdő Forest Reserve) bor-
ering the city. All areas were situated in continuous patches
f old (older than 100 yr) native Convallario-Quercetum forest
ssociation. The criteria for distinguishing sampling areas (rural,
uburban, urban) were the ratio of the built-up area to the natu-
al habitats measured by the ArcView GIS programme using an
erial photograph. In the rural area the built-up area was 0%, in
he suburban area it was approximately 30%, while in the urban
rea the built-up area exceeded 60%. In the urban area, several
aths with asphalt surfaces had been created and the shrub layer
as strongly thinned resulting in a park character, while in the

uburban area the fallen trees were removed.
Distance between the sampling areas was at least 1 km. Four

ites, at least 50 m from each other (in order to achieve inde-

endency, see Digweed et al., 1995), were selected within each
ampling area. Carabid beetles were collected at each of them
sing pitfall traps, randomly placing ten traps at least 10 m apart
rom each other at each site. This resulted in a total of 120 traps

e
a

f
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cattered along the rural–urban gradient (3 area × 4 sites × 10
raps). Each pitfall trap was at least 50 m from the nearest forest
dge, in order to avoid edge effects (Molnár et al., 2001). The
itfall traps were unbaited, consisting of plastic cups (diameter
5 mm, volume 250 ml) containing 75% ethylene glycol as a
illing–preserving solution. The traps were covered with bark
ieces to protect them from litter and rain (Spence and Niemelä,
994). Trapped beetles were collected fortnightly from the end
f March to the end of November, 2001. For analysis we pooled
amples from the 8 month period.

Eight environmental factors were measured that can affect the
istribution of carabids (Thiele, 1977; Lövei and Sunderland,
996). Ground temperature at 2 cm depth, air temperature on
he soil surface and relative humidity on the soil surface were

easured in each site monthly on the morning of a typical
unny day. The statistical analyses were based on the averages
f the monthly measures for the 12 sites. We also estimated the
ercentage cover of leaf litter, decaying wood material, herbs
nd shrubs in each site within a 10 m × 10 m quadrat. We also
ounted the number of other invertebrates (other Coleoptera,
hilopoda, Diplopoda, Gastropoda, and Isopoda) in each trap
f the sites as a measure of the amount of potential prey for
arabids (Sergeeva, 1994). For analysis we pooled the amount
f preys in the 12 sites for the whole year.

.2. Data analyses

To test differences in the activity–density of the frequent
pecies (which made up at least 1% of the total catch) among
he three sampling areas (rural, suburban and urban), and among
he 12 sites, nested analyses of variance (ANOVA) were per-
ormed using data from the individual traps (sites nested within
he sampling areas). Habitat preference (forest, generalist and
pen-habitat species) of the frequent carabids was determined
ased in literature (Hůrka, 1996) in order to test predictions for-
ulated above. Normal distribution of the data was achieved

y log(x + 1) transformation (Sokal and Rohlf, 1995). When
NOVA revealed a significant difference between the means,

he Tukey test was performed for multiple comparisons among
eans.
The relationships between the environmental measurements

nd the activity–density of the frequent species were examined
sing the detrended canonical correspondence analysis by sec-
nd order polynomials (DCCA) calculated by the CANOCO
ackage (Ter Braak, 1986; Ter Braak and Šmilauer, 1998). Biplot
caling in the ordination was symmetric (focusing both on the
nter-species and inter-samples distances), and the number of
arabid individuals was log(x + 1) transformed.

. Results

The total carabid catch consisted of 2140 individuals repre-
enting 50 species. The number of individuals of 12 species each

xceeded 1% of the total catch. For further data on the collected
ssemblages, see Magura et al. (2004b).

Of the frequent species, three species could be identified as
orest specialist species (Amara saphyrea, Carabus convexus,
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terostichus oblongopunctatus), seven as generalist species
Amara convexior, Harpalus luteicornis, Notiophilus rufipes,
phonus nitidulus, Pterostichus melanarius, Pterostichus niger,
tomis pumicatus) and two as open-habitat species (Anisodacty-
us nemorivagus, Bembidion lampros). The forest specialist C.
onvexus disappeared completely from the urban area. From the

ural area the generalist P. melanarius was missing. In the sub-
rban area the open-habitat species B. lampros was not caught.
he open-habitat species A. nemorivagus was present only in

he urban area.

d
n
g
t

able 1
ested ANOVA showing differences in activity–density (log x + 1 transformed) of the

mong the 12 sites

pecies Source of variation d.f.

orest specialist species
Amara saphyrea Areas 2

Sites 9
Error 108

Carabus convexus Areas 2
Sites 9
Error 108

Pterostichus oblongopunctatus Areas 2
Sites 9
Error 108

eneralist species
Amara convexior Areas 2

Sites 9
Error 108

Harpalus luteicornis Areas 2
Sites 9
Error 108

Notiophilus rufipes Areas 2
Sites 9
Error 108

Ophonus nitidulus Areas 2
Sites 9
Error 108

Pterostichus melanarius Areas 2
Sites 9
Error 108

Pterostichus niger Areas 2
Sites 9
Error 108

Stomis pumicatus Areas 2
Sites 9
Error 108

pen-habitat species
Anisodactylus nemorivagus Areas 2

Sites 9
Error 108

Bembidion lampros Areas 2
Sites 9
Error 108

esults of the Tukey test indicate which area(s) differ(s) significantly (p < 0.05) from
pecies was significantly higher in the rural area than in the urban and suburban areas
an Planning 86 (2008) 134–140

All the three forest specialist species were more abundant in
he rural and suburban areas than in the urban one. This differ-
nce was not statistically significant for A. saphyrea (Table 1 and
ig. 1). Of the seven generalist species, only two species showed
ignificant variation in activity–density along the urbanisation
radient (Table 1). A. convexior was significantly more abun-

ant in the urban sites, while O. nitidulus was significantly more
umerous in the rural sites (Table 1 and Fig. 1). The other five
eneralist species were non-significantly more frequent either in
he urban sites (N. rufipes, P. melanarius), in the suburban sites

twelve frequent carabid species along the rural–suburban–urban gradient and

MS F p Tukey test

0.1143 2.5858 ns
0.0442 1.7164 ns
0.0258

0.7496 8.1775 <0.05 U < S = R
0.0917 2.1833 <0.05
0.0420

9.4888 12.1881 <0.01 U < S < R
0.7785 6.5148 <0.001
0.1195

0.4526 4.3899 <0.05 U > S = R
0.1031 2.7165 <0.01
0.0380

0.1225 2.6590 ns
0.0461 2.8056 <0.01
0.0164

0.1870 2.5584 ns
0.0731 2.9678 <0.01
0.0246

0.3681 4.5458 <0.05 U = S < R
0.0810 4.8581 <0.001
0.0167

0.2191 1.1006 ns
0.1990 18.0396 <0.001
0.0110

0.0761 1.3449 ns
0.0566 3.2159 <0.01
0.0176

0.1556 4.0765 ns
0.0382 2.0288 <0.05
0.0188

0.2096 2.4459 ns
0.0857 6.0052 <0.001
0.0143

0.2038 1.8688 ns
0.1090 6.2397 <0.001
0.0175

the others; for example U = S < R indicates that the activity–density of the given
(these two areas, however, were not different).
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ig. 1. Average number of individuals (±S.E.) of the species that showed signi
onvexus and Pterostichus oblongopunctatus are forest specialist species, while
H. luteicornis), in the rural sites (P. niger) or in the suburban and
ural sites (S. pumicatus) (Table 1). The open-habitat species (A.
emorivagus, B. lampros) were more abundant in the urban sites,
lbeit the differences were statistically not significant (Table 1).

ig. 2. DCCA for the twelve frequent carabid species which activity–density
ade up at least 1% of the total catch and for the 12 sites. Filled squares represent

he studied sites (U1–U4: urban sites, S1–S4: suburban sites, and R1–R4: rural
ites). The arrows denote the increase of the value of the studied environmental
actors (GTemp: ground temperature at 2 cm depth; ATemp: air temperature on
he surface; RHumid: relative humidity on the surface; Leaf: cover of leaf litter;
Wood: cover of decaying wood material; Herbs: cover of herbs; and Shrubs:
over of shrubs). Filled circles and the seven-letter abbreviations indicate the
pecies (e.g. amaconv: Amara convexior).
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variation in activity–density along the studied urbanisation gradient. Carabus
ra convexior and Ophonus nitidulus are generalist species.

A triplot graph of the DCCA showed that there was a marked
eparation among the sites along the rural–urban gradient based
n the activity–density of the twelve frequent species. The four
rban sites differed from the suburban and rural sites which were
ore similar to each other (Fig. 2). Furthermore, the urban sites
ere characterised by higher ground and air temperatures. The

uburban sites had a higher relative humidity and cover of leaf
itter and shrubs, and the rural sites had higher amounts of decay-
ng wood material, herbs and preys (Fig. 2). The triplot graph
lso demonstrated, that four species (A. convexior, A. nemoriva-
us, B. lampros, P. melanarius) were associated with the urban
ites of higher ground and air temperature, while N. rufipes was
ntermediate between urban and suburban sites. Two species (C.
onvexus and P. oblongopunctatus) favoured the moderate or
ess disturbed suburban and rural sites, while S. pumicatus pre-
erred the suburban sites (Fig. 2). Three species (A. saphyrea,
. nitidulus, P. niger) were characteristic of the rural sites with
igher amounts of decaying wood, more herbs and prey items,
hile H. luteicornis was associated with the suburban sites with
igh shrub cover (Fig. 2).

. Discussion

Our results showed that only four species (C. convexus, P.
blongopunctatus, A. convexior, and O. nitidulus) of the twelve
requent species responded significantly to the urbanisation.

owever, non-significant changes at the species level could

ccumulate and may have caused significant alterations at the
ommunity level. The multivariate analysis in this study showed
hat urban sites differed from the suburban and rural sites. The
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uburban and rural sites were quite similar to each other. These
esults are coherent with other studies which emphasised that
rbanisation caused a pronounced change of carabid assem-
lages (Alaruikka et al., 2002; Niemelä et al., 2002; Ishitani et
l., 2003; Venn et al., 2003; Magura et al., 2004b, 2005b; Weller
nd Ganzhorn, 2004; Gaublomme et al., 2005; Tóthmérész and
agura, 2005).
Two of the three forest specialist species, C. convexus and

. oblongopunctatus, responded significantly to urbanisation, as
hey occurred in lower number in the heavily disturbed urban
ites than in the moderately or slightly disturbed suburban and
ural sites. Other studies conducted in the frame of the Globenet
rogramme confirmed our results, as they also showed that the
verall number of individuals of the forest specialist species is
ignificantly lower in the urban sites than in the suburban and
ural sites (Magura et al., 2004b, 2005b; Gaublomme et al., 2005;
óthmérész and Magura, 2005).

In our study, the activity–density of C. convexus and P.
blongopunctatus decreased as ground temperature and air tem-
erature on the surface increased. These species are xerophilic
nd prefer sites with higher temperature (Thiele, 1977; Turin et
l., 2003). These forest specialist species may be more sensitive
o the habitat alteration rather than to changes in temperature.
round and air temperature were higher in the urban habitats

heat island effect; Hawkins et al., 2004), but the higher tem-
erature was accompanied with considerable habitat structure
lterations. Consequently, these forest specialist species avoided
hese habitats. Sampling woodlots in the city centre of Ham-
urg and its rural borders, Weller and Ganzhorn (2004) also
emonstrated that P. oblongopunctatus was more numerous in
he suburban and rural sites than in the urban ones. Similar
esult was published by Gaublomme et al. (2005) studying forest
atches in and around Brussels.

In our study the third most frequent forest specialist species,
. saphyrea, showed preference for the rural sites. More-
ver, numbers increased with increasing amount of decaying
ood materials. In Hungary, this species favours moist forests

Szél, 1996). As decaying wood material offers microsites
ith favourable humidity conditions, the positive relationship
etween the activity–density of the A. saphyrea and the amount
f decaying wood materials is reasonable.

Of the generalist and open-habitat species, only A. con-
exior was significantly more numerous in the urban sites, as
xpected. Other three species (A. nemorivagus, B. lampros, P.
elanarius) also occurred in higher number in the urban sites.
ll these species are related to the urban sites with higher
round and air temperature. The linking to these sites could be
xplained by their preference for microsites with higher tem-
erature and/or by rapid colonisation of the new microsites
stablished by urban disturbances (thinning, creating of paths).
. convexior, A. nemorivagus and B. lampros are xerophilic
pecies (Thiele, 1977; Lindroth, 1985; Szél, 1996), while P.
elanarius is eurythermic (Thiele, 1977) but macropterous
Hůrka, 1996). Therefore, it is a good coloniser of newly created
icrosites. Grandchamp et al. (2000) also showed that P. mela-

arius was strongly dominant in the heavily disturbed (trampled)
ites.

A

D

an Planning 86 (2008) 134–140

The generalist O. nitidulus was numerous in the rural sites.
urthermore, its activity–density increased with the increas-

ng amount of decaying wood, herbs and prey items. As this
pecies is partially phytophagous (Larochelle, 1990) and occurs
n slightly shaded habitats such as light deciduous forests
Lindroth, 1985), its association with the above habitat factors
s logical.

The generalist species, P. niger, preferred the rural sites. The
mount of decaying wood material, herbs and prey items were
ositively related to its activity–density. P. niger is a generalist
redator and scavenger (Larochelle, 1990). Thus, the positive
elationship between its activity–density and the amount of prey
tems is to be expected. Moreover, an increased herb cover
an also increase the amount of invertebrate prey available for
redatory carabids and can provide a more uniform resource
istribution in time (Niemelä and Spence, 1994; Niemelä et
l., 1994, 1996). This species is hygrophilic (Thiele, 1977) and
refers wet habitats (Szél, 1996). Decaying wood may pro-
ide favourable microsites with higher humidity, shelter against
redators, and sites for aestivation, hibernation, egg and lar-
al development (Thiele, 1977). Weller and Ganzhorn (2004)
lso showed that P. niger occurred exclusively in the rural
ites.

The activity–density of S. pumicatus increased with rela-
ive humidity, cover of leaf litter and decreased with ground
nd air temperature. These relationships are expected, because
his species is eurythermic and hygrophilic (Thiele, 1977).
everal studies emphasised that more leaf litter may provide
oister microclimate and better protection against environmen-

al extremes (Koivula et al., 1999; Magura et al., 2004a, 2005a;
aboada et al., 2004).

This species-level study found that one third of the frequent
pecies showed significant changes along the rural–urban gra-
ient, while in the case of the other species only trends were
ecognisable. Therefore, we propose that the widespread prac-
ice of drastic alteration of habitat structure in parks (by strong
hinning and removing decaying wood material) and creat-
ng only asphalt-covered paths should be avoided (Magura et
l., 2004b). These practices are accompanied by unfavourable
hanges in the microclimatic, abiotic and biotic conditions that
ave a direct harmful effect on the forest specialist carabid
pecies. Moreover, creating sealed paths has indirect effects
hrough habitat loss, fragmentation and isolation (Didham et
l., 1996). Reduction in the habitat area, fragmentation and
solation cause considerable changes in the composition of
arabid assemblages (Davies and Margules, 1998). Therefore,
here is a growing need for appropriate management strategies
hich simultaneously consider recreational, economic and con-

ervation criteria (Gilbert, 1989). Habitat management which
inimises the modification of habitat structure and tries to
imic natural processes could serve both the demands of city-

wellers and the maintenance of biodiversity.
cknowledgements
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ůrka, K., 1996. Carabidae of the Czech and Slovak Republics. Kabourek, Zlin.
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iemelä, J., Kotze, J., Ashworth, A., Brandmayr, P., Desender, K., New, T.,
Penev, L., Samways, M., Spence, J., 2000. The search for common anthro-
pogenic impacts on biodiversity: a global network. J. Insect Conserv. 4,
3–9.
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óthmérész, B., Magura, T., 2005. Affinity indices for environmental assessment
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