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Several works have investigated the impact of urbanisation on carabid activity density
using urban-rural gradients. Such works compared activity density recorded from green
spaces located in different parts of a city and assigned to categories of increasing urban
intensity, which poses two problems: (1) since the gradient is divided into categories, it is
impossible to model continuous variations in biotic responses, and (2) sites representative
of different urbanisation levels are not true segments of the same ecological continuum. To
surpass these problems, we modelled variations in carabid activity density along an urban-
rural transect within a single green space extending from the city centre of Rome to rural
environments. Carabids were sampled by pitfall traps from sites distributed along the en-
tire gradient. We used breakpoint regressions to model how (1) carabid activity density,
(2) carabids/beetles ratio, (3) carabids/insects ratio and (3) carabids/arthropods ratio varied
along the gradient. As already observed for various organisms in urban environments, we
found that activity density of carabids and their contribution to the abundance of beetles,
insects and arthropods, peaked in the middle of the gradient. This supports the intermedi-
ate disturbance hypothesis, according to which moderate urbanisation may favour diver-
sity by increasing habitat heterogeneity.

Keywords: Coleoptera, Carabidae, abundance, urban-rural gradient, urban ecology, Italy.

INTRODUCTION

Increasing urbanisation is considered a major threat to biodiversity (Mc-
Kinngy 2002, 2006, McDonaLp et al. 2013). On the other hand, urban areas
offer many opportunities for biodiversity conservation. First, the high human
density in urban areas allows a reduction of anthropogenic pressures on natu-
ral ecosystems and improves the efficiency of resources uses (WorRLDWATCH
InsTrTUTE 2007, McDONALD et al. 2013), making urban areas ““our last best hope
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for a sustainable future” (ELDREDGE & HoRENsTEIN 2014). Second, the presence
of green spaces within cities may play important roles for the conservation of
many species, including threatened ones (ANGoLD et al. 2006, JoNEs & LEATHER
2012, ApLER & TANNER 2013, Forman 2014, FatToRINT & GaLAsst 2016). Ani-
mal and plant responses to urbanisation are, however, extremely variable:
some taxa are negatively affected, others are favoured (McKinNey 2008, Fat-
TorINT 2011, 2019).

Among invertebrates, carabid beetles (Coleoptera Carabidae) are one of
the best-investigated groups in urban ecology (N1EMELA & Ko1zE 2009, JoNES
& LeaThHER 2012, NEW 2015). Most research has been focused on the response
of carabids to increasing urbanisation by referring to the concept of the urban-
rural gradient. In most cities, urbanisation intensity tends to decrease from
the city centre to the most peripheral areas (McKinNEy 2008, Forman 2014).
Thus, ‘distance from city centre’ is the most commonly used measure for
expressing the gradient and selecting sampling stations along with it (NEw
2015). This spatial gradient is associated with variation in many abiotic and
biotic factors, such as human population density, housing density, proportion
of impervious surfaces, soil compaction, proportion of natural areas, atmos-
pheric pollution, temperatures, incidence of native species, incidence of alien
species, etc. (McDoNNELL & Hans 2008, FatTorint 2019). Research on the in-
fluence of urbanisation on carabid communities has been mostly focused on
variation in species richness and population abundances along the gradient
(NiEMELA & Ko1zE 2009, JoNEs AND LEATHER 2012, NEW 2015). Since carabids
are usually sampled using pitfall traps, which collect surface-active ground-
dwelling animals, the number of collected individuals is in fact a function of
both true population density and carabid movement on the soil surface. Thus,
most research on carabid ecology uses measures of activity density to express
how carabids respond to changes in environmental characteristics (FRencH et
al. 2001, Purtaur et al. 2005, LAFAGE et al. 2014).

Variation in carabid activity density along the urban-rural gradient may
follow different patterns. The most commonly observed pattern seems to be
an increase in activity density from the most urbanised areas to the rural ar-
eas, which is consistent with the idea that urbanisation has negative effects
on most species (NIEMELA et al. 2002, New 2015). However, a hump-shaped
pattern, with the activity density peaking at the middle of the gradient, is also
common (N1EMELA & Kotz 2009). This pattern can be interpreted in the con-
text of the “intermediate disturbance hypothesis’ (ConNELL 1978), in the form
of the disturbance heterogeneity model (PorTER et al. 2001), since an interme-
diate urbanisation might increase habitat heterogeneity and hence resources
diversity and abundance (FaTTorint 2019). A decrease in activity density from
the most to least urbanised areas seems an uncommon situation (NIEMELA &
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Kotze 2009) and might be due to the strong impact of the most tolerant spe-
cies (FaTrrorint 2019).

Available studies on carabid responses to the urban-rural gradient typi-
cally compared values of activity density recorded from different green spaces
assigned to different classes of increasing urban intensity, usually indicated
as “urban”, “suburban”, and “rural” (NiemeLA & K6T1zE 2009, NEW 2015). This
approach has two important limits. First, the gradient is divided into catego-
ries and, therefore, it is impossible to model patterns of continuous variation
along the gradient. Second, because the green spaces selected as representa-
tive of the different levels of urbanisation are located in different parts of the
city, they are not true segments of the same ecological continuum but may
reflect a variety of conditions that cannot be subsumed by a hypothetically
unique gradient.

Rome (Italy) is a large city with an ancient history of urbanisation, yet
approximately half of its area is occupied by green spaces of various size and
characterised by different ecological setting and forms of management. Some
of the largest green spaces are remnants of the former rural ecomosaic known
as “campagna romana”’, a landscape of unrivalled historical and cultural
importance (CeLesTi GRaAPOW & FaNELLI 1993, LucchHEsE & Pignarti 2009).
Among them, particularly important is the “Parco Regionale dell’Appia An-
tica” (Appian Way Regional Park), the largest green space in Rome, extending
from the city centre (where most of the park is embedded in a densely built-up
matrix) to the borders of the city (where the park enters into the “campagna
romana” rural landscape). This peculiar situation offers the intriguing oppor-
tunity of investigating an urban-rural gradient within a single green space,
thus surpassing the problems mentioned above associated with the use of
different green spaces. For this reason, we started a research project using this
green space to study how carabids respond to the urban-rural gradient. To the
best of our knowledge, our research is the first that considered an urban-rural
gradient within a single green space. In particular, in the present paper, we
investigated how total carabid activity density varies along the urban-rural
gradient. We also investigated spatial variations in the contribution of carabid
abundance to the beetle, insect and arthropod communities along the gradient.

METHODS

Study area

With about 3 million inhabitants, Rome is the largest Italian city and ranks third
among those of the European Union, after Berlin and Madrid. Urban Rome is usually de-
fined as the territory of the city encompassed by the great motorway ring (Grande Rac-
cordo Anulare, GRA) that circumscribes an area of about 360 km? (see Farrorint 2011,
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Dr1 PieTrRO et al. 2020). The Appia Antica Regional Park (41° 50" 00” N — 12° 33" 00” E) is
a protected area of about 4,580 hectares, extending from the city centre of Rome to the
neighbouring rural areas of Colli Albani (Fig. 1). The protected area includes archaeologi-
cal zones along the ancient Appian Way, from the centre of Rome to the 10th Mile, includ-
ing the Villa of the Quintilii and the Tombs of Via Latina. The park also includes two other
smaller protected areas, the Caffarella Park and the Park of the Aqueducts.

The Appia Antica Regional Park includes a mosaic of cultivated fields and unculti-
vated areas with different degrees of naturalness. The landscape is dominated by meadows
and, to a lesser extent, by scrublands. Vegetation is mainly represented by the Mediterra-
nean maquis (with Pistacia lentiscus, Rhamnus alaternus, and Euonimus europaeus). Due to
the millenary human presence, ruderal species (such as Sonchus asper, Pteridium aquilinus,
and Cymbalaria muralis), as well as cultivated species (especially Olea europaea and Prunus
dulcis), are widespread. The area also incorporates fragments of wet meadows and ponds,
and, along with watercourses, strips of riparian vegetation with poplars (Populus nigra),
willows (Salix alba), and field elms (Ulmus minor). Detailed information on the vegetation
of the study area can be found in Buccomino and Staniscr (2000) and CescHiN et al. (2006).

Carabid sampling

Within the study area, we designed a transect of about 8 km. Along the transect, we
identified 9 sampling points at increasing distance from the city centre (Fig. 1): the closest site
was at about 5.5 km from the city centre and was surrounded mainly by built-up areas (mini-
mum distance from buildings: 300 m), the farthest site was at about 12 km, and it is near the
GRA, i.e. at the borders of the city. A minimum distance of 500 m separated sampling sites.

Pitfall traps consisted of clear plastic cups (diameter: 9.5 cm, depth: 15 cm) sunk in
the ground with the cup-lip level
with the soil surface and covered by
sloped stones to limit the rainwater
influx and capture of non-target
taxa. Covering stones were elevated
5-7 cm above the ground using four
smaller stones at their corners. Each
trap was filled with 250 mL of beer
with salt, with a drop of unscented
detergent to break the surface ten-
sion. The number of pitfall traps
varied among sites, from a mini-
mum of 3 traps to a maximum of 16

Fig. 1. Map of urban Rome with lo-
cation of the study area (the Appia
Antica Regional Park, dashed area)
and sampling sites (numbers: 1-9).
Map based on the Humanitarian
layer of OpenStreetMap (© Open-
StreetMap contributors): https://
www.openstreetmap.org/copy-
right/en
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traps, depending on site habitat heterogeneity. Moreover, the number of available traps
per site varied because of trap damage and trap loss. Traps within sites were placed at ran-
dom and separated by at least 10 meters from each other, to ensure independent sampling
(N1EMELA & KoTzE 2009).

Sampling was conducted in four autumn sampling periods (from 18th October to 6th
December) and four spring sampling periods (from 7th May to 24th June). Each sampling
period lasted about ten days. We used this temporal distribution of sampling periods at the
turn of two consecutive years because Mediterranean spring climatic conditions and hence
biotic responses, recorded in a given spring-summer, are strongly influenced by those of
the previous autumn-winter (FANFANT et al. 2014). Moreover, this sampling strategy al-
lowed the estimation of activity density that included both autumn and spring breeders
(see Paarman 1970, HOrka 1986, DEN Boer & DEN Boer-Daanjye 1990, BRANDMAYR ef al.
2005). For each trapping period, traps were active for a minimum of 7 days to a maximum
of 12. Variation in trapping duration and time between trapping sessions was due to un-
stable weather conditions. Upon collection, trap content was rinsed with water and stored
in vials with 70% ethanol.

Data analysis

Because the number of active traps and time of their functioning varied among sites
and sampling periods, we standardised carabid abundance as activity density (AD). AD
was calculated as the number of collected carabids divided by the sampling effort, ex-
pressed as the number of traps x number of days/10 (P1zzoLotro et al. 2018). For each site,
we calculated the carabid activity density for the two sampling periods separately (autumn
and spring AD values) and combined (total AD).

We also calculated, for each site and sampling period, the following proportions
(percentages) to express the relative contribution of carabids to the local abundance of
soil surface-active animals: CARCOL = Number of Carabidae/Total number of Coleop-
tera; CARINS = Number of Carabidae/Total number of Insecta; CARART = Number of
Carabidae/Total number of Arthropoda. Although pitfall traps might be less efficient for
arthropods different from carabids, these values can be considered as rough estimates of
the contribution of carabid activity density to the overall activity density of soil dwelling
animals that, at each taxonomic level, have similar behaviours.

To test if AD values had similar spatial variations between seasons, we correlated
site AD values recorded from the two periods by using a Spearman rank correlation coef-
ficient. The same approach was used to test if values of CARCOL, CARINS and CARART
showed similar patterns between seasons.

To test if average (median) carabid AD values varied between seasons, we compared
the average (median) AD values from the two sampling periods by using Wilcoxon tests
for paired samples. The same approach was used to test if average (median) CARCOL,
CARINS and CARART values varied between periods.

To model how activity density varied along the urban-rural gradient, we calculated
the distance of each sampling site from the city centre. “Distance from city centre” is a com-
mon parameter of defining gradients or selecting sampling stations along with them when
taken to correspond with the degree of urbanisation (New 2015). Namely, we measured the
distance of each pitfall trap from the city centre and then calculated the average distance
of the pitfall traps belonging to the same site as the “site distance” (D). Distances were
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6.915

3.454
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Mean
SE

0.868
2.679

0.789
1.744
0.213-6.786

3.008
3.343

0-28.417

5.632
8.502
0-52.369

Median
Range

measured from Piazza
Barberini, which is in-
dicated as a geographic
centroid of the urban
area enclosed in the
GRA (Sarvatr et al.
2016, 2019).

After visual in-
spection revealing a
mid-distance peak, vari-
ation of AD along the
urban-rural ~ gradient
was modelled using a
breakpoint regression
approach. In the break-
point regression (also
known as segmented
regression), the inde-
pendent variable is par-
titioned into intervals,
and a separate line seg-
ment is fit to each inter-
val. The boundaries be-
tween the segments are
breakpoints. Following
this approach, we ap-
plied a discontinuous
model, which combines
two linear relationships
into a single equation:

AD=(b,+b,x D) x (D
<B)+(b,+b,xD)x (D
>B)
where AD and D are
activity density and
distance from the city
centre, respectively; b,
b, b, and b, are esti-
mated parameters; B is
the distance breakpoint,
and (D < B) and (D >
B) are logical variables
that return 1 or 0 if true
or false, respectively.
The parameters were
estimated by using the
Gauss-Newton  algo-
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rithm. The breakpoint was set at 8 km, corresponding to the middle of the gradient. The
same approach was used to model spatial variations in CARCOL, CARINS and CARART
values. Spearman and Wilcoxon tests were conducted using PAST 4.01 (HamMER et al. 2001),
whereas breakpoint regressions were done in STATISTICA v. 6.0 (StatSort Inc. 2001).

RESULTS

We collected 683 Carabidae, 5,311 Coleoptera, 11,565 Insecta, and 21,571
Arthropoda in autumn, and 630 Carabidae, 4,351 Coleoptera, 20,693 Insecta,
and 35,296 Arthropoda in spring, for a total of 1,313 Carabidae, 9,662 Coleo-
ptera, 32,258 Insecta, and 56,867 Arthropoda. Carabidae represented about
12.9% of beetles, 5.9% of insects, and 3.2% of arthropods in autumn, and 14.5%
of beetles, 3.0% of insects, and 1.8% of arthropods in spring. Overall, carabids
accounted for 13.6% of beetles, 4.1% of insects and 2.3% of arthropods.

We found no significant difference in median AD values between sea-
sons (Wilcoxon paired test; Tables 1 & 2). Similarly, we did not find significant
differences between seasons in median values (Wilcoxon paired test) of CAR-
COL, CARINS and CARART (Tables 1 & 2). AD values in autumn followed
the same spatial pattern recorded in spring (Spearman rank correlation test;
Table 2, Fig. 2). Similarly, spatial patterns of CARCOL, CARINS and CARA-
RT values in autumn were correlated (Spearman rank correlation test) with
those observed in spring (Table 2, Fig. 2).

Breakpoint regressions (Table 3, Fig. 3) revealed that AD, CARCOL,
CARINS, and CARART increased significantly from the beginning to the
middle of the gradient, where a peak was detected in all cases (first regres-
sion segment). The second regression segment was not significant in all cases.
However, in the case of AD, the slope (b,) of the second regression was rela-
tively high, suggesting a possible positive trend.

Table 2. Results of tests for differences (Wilcoxon paired test) and correlations (Spear-

man test) in activity density (AD) and ratios of carabid beetles to total number of individ-

ual beetles (CARCOL), insects (CARINS), and arthropods (CARART) between seasons

(autumn versus spring) for nine sites within an urban park at different distance from the

city centre of Rome (Italy). W = Wilcoxon statistic; 7, = Spearman rank correlation coef-
ficient; p = probability. N =9 in all cases.

Differences between medians Correlations
4% p T p
AD 25 0.767 0.950 <0.001
CARCOL 28 0.515 0.867 0.005
CARINS 38 0.066 0.867 0.005
CARART 38 0.066 0.900 0.002

Acta Zool. Acad. Sci. Hung. 66, 2020



28 FATTORINI, S.,, MANTONI, C., BERGAMASCHI, D., FORTINI, L. et al.

Table 3. Results of breakpoint regressions of activity density (AD) and ratios of carabid
beetles to total number of individual beetles (CARCOL), insects (CARINS), and arthro-
pods (CARART) as a function of distance from the city centre of Rome (Italy) (in km). b,

b, b, and b, are estimated parameters.

Estimate Standard Error t-value p-level

AD

b, -20.119 7.088 —-2.839 0.036

b, 3.748 1.105 3.391 0.019

b, —4.039 11.666 -0.346 0.743

b, 0.585 1.063 0.551 0.606
CARCOL

b, -104.960 28.368 -3.700 0.014

b, 19.178 4.424 4.335 0.007

b, 6.481 46.693 0.139 0.895

b, 0.624 4.253 0.147 0.889
CARINS

b, -34.322 8.747 -3.924 0.011

b, 6.308 1.364 4.624 0.006

b, 2.777 14.398 0.193 0.855

b, 0.010 1.311 0.008 0.994
CARART

b, -15.838 4.387 -3.611 0.015

b, 2.964 0.684 4.332 0.007

b, 1.403 7.220 0.194 0.854

b, 0.007 0.658 0.011 0.991

DISCUSSION

Activity density of carabids in urban Rome showed similar values in
autumn and spring. Carabid phenology is known to vary geographically in
response to different climatic conditions (THIELE 1977, BRANDMAYR & ZETTO
1986, Betz 1992, Horranp 2002). Under Mediterranean climate, lowland car-
abid communities appear to have two peaks of activity: a first, usually higher,
peak in autumn (with a prevalence of autumn breeders) and a second, usu-
ally lower peak in spring (ComaNDINT & ViGNA TaGLIANTI 1990). Our results
indicate that overall activity density in spring did not differ significantly from
that recorded in autumn. This can be explained by assuming either a constant
activity density over the year (as recorded by BRanDMAYR & ZETTO 1986 in
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the lowland Mediterranean belt on the Triestine Karst) or the presence of two
similar peaks. In this second circumstance, the spring peak might be similar
to the autumn peak, and not lower as proposed by ComanpInI and VieNa
TacrianTI (1990).

In both seasons, spatial patterns of activity density showed their maxi-
mum in the middle of the gradient, which indicates that variations in climate
conditions did not change the AD spatial patterns. Our analyses based on to-
tal AD values indicate that activity density increased linearly from the begin-
ning of the transect (i.e. in the portion of the park near the city centre) to the
middle, at about 7-8 km from the city centre. This result contrasts with previ-
ous research on urban carabids showing a peak for rural areas (five cases out
of the eight reported in NiemeLA & KoTzE 2009), but is consistent with others
indicating a peak in suburban areas (three cases out of the eight reported in
NieMELA & KO1ZzE 2009). In fact, the eight urban-rural gradients investigated
by NiemeLA and Kotze (2009) divided each gradient into three zones (urban,
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Fig. 2. Spatial variation in activity density (AD, panel A) and ratios of carabid beetles to

total number of individual beetles (CARCOL, panel B), insects (CARINS, panel C), and

arthropods (CARART, panel D) along the urban gradient (km from the city centre) in au-
tumn (brown cricles) and spring (green triangles)
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suburban, rural) and compared activity density between them. Moreover,
these three zones were identified, for each gradient, in different parts of the
city characterised by different urbanisation intensity. Our approach allowed a
more detailed analysis because we did not compare zones at different urbani-
sation intensity, but modelled a continuous spatial gradient within the same
green area from the city centre to rural areas at the border of the city.

More in general, our results are consistent with previous research report-
ing high species abundance values in the middle of the urban-rural gradient.
For example, among vertebrates, BLAIR (1999) reported a peak in bird abun-
dance with intermediate urbanisation levels, while E6Tv6s et al. (2020) found
a higher predation pressure by ground active arthropods on sentinel prey
in moderately disturbed suburban forest habitats, which is consistent with a
higher activity density of these predators.

This middle peak can be explained by the disturbance heterogeneity
model of species richness proposed by PorteRr et al. (2001). According to this
model, a diversity peak in the middle of the gradient is the result of high habi-
tat heterogeneity due to a combination of native and anthropogenic habitats.
ConnNEeLL’s (1978) original formulation of the intermediate disturbance hy-
pothesis proposes that in a community left undisturbed competitive exclusion
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Fig. 3. Spatial variation in total activity density (AD, panel A) and ratios of carabid beetles

to total number of individual beetles (CARCOL, panel B), insects (CARINS, panel C), and

arthropods (CARART, panel D) along the urban gradient (km from the city centre). Red

lines are fitted breakpoint regressions. Explained variances are as follows: R = 0.720 for for
AD, R?=0.794 for CARCOL, R?= 0.830 for CARINS, and R?=0.816 for CARART
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will eventually eliminate all but the late-successional species. However, too
much disturbance also reduces overall diversity by eliminating species un-
able of rapid recolonisation. Thus, there is an optimum degree of disturbance,
which allows the maintenance of a maximum number of species. Therefore,
the model proposed by PorteR et al. (2001), which focuses on spatial heteroge-
neity, is a modified version of ConNELL’s (1978) intermediate disturbance hy-
pothesis, already evoked to explain an intermediate peak in diversity (BLair
& LAunEer 1997, GERMAINE & WakeLinG 2001), and which is more based to
temporal disturbance. It is also known that spatial diversity of urban habitats
enhances species turnover (beta diversity) in plants and insects (ReseLE 1994,
NiemeLA 1999). Thus it would be interesting, in the future, to see if the AD peak
recorded in our study also corresponds to a peak in carabid species richness.

After the peak at about 8 km from the city centre, AD did not change
significantly along the rest of the gradient (regression coefficient not signifi-
cant). However, a certain positive trend is apparent. This suggests that, after
decreasing sharply, AD tends to increase again, albeit slowly. This might sug-
gest higher AD values in more natural areas, outside the urban-rural gradi-
ent, possibly because an enhanced naturalness of the environment promotes
a more evenly distribution of species abundance values.

Carabid relative abundance (as expressed by their proportion to total
beetles, insects, and arthropods) followed the same basic patterns as activity
density. First, average carabid relative abundances did not vary significantly
between the two sampling seasons, which means that carabid beetle contribu-
tion to the overall ground-dwelling beetle, insect and arthropod assemblages
remains substantially the same. Second, carabid relative abundance followed
the same spatial pattern of variation along the urban-rural gradient in the two
sampling periods, which means that the relative contribution of carabids to
total beetle, insect and arthropod abundance in soil-dwelling communities
along the gradient does not change between seasons. Overall, these findings
indicate that carabids play a prominent role in invertebrate community struc-
ture in both autumn and spring along the gradient.

Interestingly, our results are similar to the pattern that can be obtained
by calculating the proportion of carabids to arthropods along the urban-rural
gradient in London (Davis 1978). To this end, we used Davis’ (1978) data of
the number of carabids and number of arthropods trapped in London gardens
at different distances from the city centre and applied a breakpoint regression
approach (we omitted two sites that were clearly anomalous in having too
few individuals of carabids and arthropods, respectively). We obtain that the
proportion of carabids to arthropods (CARART) followed the same pattern
observed in our study area: y = (-2.734+2.254 x D) x (D < 20) + (35.130-0.696 x
D) x (D>20), with R?=0.545 (distance breakpoint set at B =20 km).
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As for activity density, carabid relative abundance (CARCOL, CARINS,
and CARART) increased linearly from the beginning of the transect (i.e. near
the city centre) to the middle, then declined sharply and remain low until the
end of the gradient. This indicates that the relative importance of carabids
in shaping communities of soil-dwelling invertebrates changes along the
gradient, similarly to their activity density. This is not an obvious result. For
example, carabid beetles might have a high activity density, but a low rela-
tive abundance, in a given site, and a low activity density, but a high relative
abundance, in another — if carabids were abundant in the first and scarce in
the second, but other beetles were much more abundant in the first site than
in the second one.

The middle peak of carabid relative abundance (expressed as CARCOL,
CARINS or CARART) can be explained by assuming that local habitat hetero-
geneity promotes their abundance. However, increasing urbanisation has det-
rimental effects more pronounced on these beetles than other members of the
soil-dwelling animal communities, as indicated by the decrease in their rela-
tive abundance with decreasing distance to the city centre. This might be due
to the relative increase in the abundance of other, possibly more generalist
groups. For example, patterns of ant abundance across a gradient from a for-
est community to one associated with urban development in the Lake Tahoe
Basin (USA) varied according to the functional groups (SanForbp et al. 2008).
“Aerator ants” (which construct complex subterranean tunnels) had a hump-
shaped pattern peaking at the middle of the gradient, whereas “decomposer
ants” (which construct their tunnels in woody debris) had a monotonic de-
crease, “compiler ants” (which construct thatch mounds on ground) had a
slightly increasing monotonic pattern, and “generalist ants” had their lowest
abundance in the middle of the gradient (SANForbD et al. 2008). These opposite
patterns in aerator and generalist ants have been interpreted in relation to a
disturbance. In general, the unimodal response in aerators can be considered
the result of spatial heterogeneity created by ground disturbance from human
activities and forest management, whereas the pattern in generalists can be
considered a compensatory effect, due to the ability of generalists to perform
some of the same ecosystem services provided by aerators when they are
absent due to their higher sensitivity to land degradation. Similarly, we can
hypothesise that the decreasing relative abundance in carabid beetles, which
are mainly predators, at increasing urbanisation in our urban-rural gradient
might be associated with an increase in the relative abundance of other func-
tional groups in the total number of beetles, insects, or arthropods. Further
research investigating spatial patterns of different functional groups along the
urban-rural gradient considered in our study is needed to test this hypothesis.
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CONCLUSIONS

We found that carabid beetle activity density was similar in autumn and
spring. This can be explained by assuming either a constant activity density
over the year or the presence of two similar peaks. As already observed for
various organisms in urban environments, we found that carabid activity
density peaked in the middle of the urban-rural gradient. This supports the
intermediate disturbance hypothesis, according to which moderate urbanisa-
tion may favour diversity by increasing habitat heterogeneity. Proportions of
carabids to total beetle, insect or arthropod abundance peaked in the middle
of the gradient, which indicates that intermediate urbanisation favours car-
abids more than most of the other taxa. Our findings regard cumulative activ-
ity density, with no distinction among species or functional groups. Further
research is therefore needed to investigate how different functional groups,
species richness, diversity and individual species activity density respond to
the urban-rural gradient.
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