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Abstract: This article presented the results of a compagatialysis of carabid species compositions (Coézapt
Carabidae) in urban green areas of the City ofibyBastern Poland. In this study, the occurremzeabundance
of ground beetles were analysed according to hgtrigderence and dispersal ability. A total of @babid species
were found in the three green areas. Obviouslyhifle species richness of ground beetles in thengmy of the
Lublin is determined by the mostly undeveloped diplain of the river Bystrzyca. The species richnebs
carabids and their relative abundance decreadeeimdsemblage of green areas under the effecolafie of
green patches and fragmentation of the semi-naamdbkcape elements in the urban environment. @hstsrand
open-habitat species significantly prevailed ingiten areas. The prevailing of riparian and fosgscies at
floodplain sites of the river Bystrzyca demonstlatiee existence of a connection of the carabidnalslsge with
landscape of river valley. The Saski Park and gtRyry” are more influenced by urbanization (fragrtegion,
isolation of green patches) and recreation thepisistent with the significant prevalence of opahitats species
in the carabid beetle assemblage.
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Introduction

The growth of populated areas and the transformatb landscapes have been
important factors from the second half of thd' 2@ntury to the present. The expansion of
cities is accompanied by reduced ratio of greeresidential zones. Urban ecosystems are
characterized by high-density human habitatiorerigé transportation processes, and only
remnants of natural habitats [1, 2]. At the sammeti permanent contamination is
experienced in the territory of modern settlemehtsugh atmospheric precipitation and
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dust settling [3, 4]. Pollutants can be influenaeertebrates [5]. As noted Mclintyre et al.
[6] the invertebrate diversity decreases with iasieg level of pollution. The considerable
isolation of urban green areas (parks, squaresiefloeds, grass spots and water bodies)
from the ecosystems surrounding the cities leadsdecrease in biological diversity [7, 8].
According to the modern trends, the majority of thenspeople become isolated from the
nature. The citizen’s isolation from nature in mlegalises is accompanied by
psychological discomfort [9]. Thus, nowadays th@amance of green areas as location for
recreational activities is obvious. Currently, g are aimed at combining the residential
areas with green planting to a greater extent. Wewethis task can be fulfilled in two
ways: by construction of artificial green zonegdas! of natural ones or by conservation of
native landscape fragments amidst the buildings.

A study of the arthropod assemblage structure mmayige more general insights into
the phenomenon of urbanization [1]. Several paperscerning this aspect have been
published, dealing with the diversity of ground the® in urban landscapes [10-18]. The
majority of research is focused on the study of diands in cities (parks, remains of
natural forests) [19-21], and very rarely - opemitas - such as meadows or grasslands
[22, 23].

In this article, the results of a comparative asialyof the structure of ground beetle
assemblages and species richness in the green afrahe Lublin are presented; the
well-known approach of urban-rural gradient has betn adopted. The questions
discussed in this paper are: (1) whether the lapmselements determines the species
composition of ground beetles assemblages andespechness in urban green areas; (2)
what are the differences in the structure of grobeetles assemblages between the studied
green areas (based on the habitat affinity of ¢driiecies and their dispersal ability).

Materials and methods

Study area and sampling

Our investigations were carried out in differenégm areas located within the city of
Lublin (Eastern Poland) (Fig. 1). These urban greeeas are located in the three
administrative (historic) parts of this city - Dotemwn; gully “Rury” and “Za Cukrownia”.
One area was located in Saski Park (Downtown);ithen old park in Lublin which was
founded in 1837. The second green area located @rhousing estates (“Rury”, along
T. Zana Street) is undeveloped, overgrown withstreed grass. The third green area
includes the different sites along Bystrzyca riiags(outskirts of Lublin University of
Technology); it is located on the section of flotadip between the Public Park and Riding
Club of Lublin. Saski and Public parks belong titunal habitats and are visited by many
people. All studied territories are under consig&rduman impact.

In total, 17 sites of the above-mentioned greerasarwere investigated and their
description is given in Table 1. Ground beetlesenssllected using pitfall traps. In each
study site pitfall traps were emptied every day][®Zrabid data were pooled at each site
per visit. The study was conducted during the \atgmt period prior to the reconstruction
in the Saski Park and the construction of the stadiArena Lublin” in the Bystrzyca
floodplain.
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Fig. 1. Location of the sampled green areas incttyeof Lublin. Light grey: built-up area; dark-gre
green areas. The numbers correspond to the studyiteg for each green area and their
description is presented in Table 1. AbbreviatiddT - Lublin University of Technology

Table 1
List of the studied sites with their general chéegstics and mean/total number of carabid spgmesite
Number of
Urban green Cot_ie of Description habitat species
area site
(mean / total)
B1 Floodplain meadows (left bank) 3.9/16
B2 Floodplain meadows (right bank) 3.2/13
B3 Small floodplain lake (70 m from the riverbank) 12.2/28
Floodplain of the B4 Floodplain meadows (30 m from the riverbank) nz
Bystrzyca river B5 Grass-plat along road 1.2/3
B6 Shore of the small floodplain lake 4/10
B7 Floodplain forest (public park) 35/19
B8 Floodplain forest (right bank) 3/2
S1 Stream of bank (right bank) 4.2/10
S2 Stream of bank (left bank) 4.7 /10
S3 Lawn with shrubs 35/9
Saski Park S4 Lawn with shrubs 3.2/10
S5 Shrubs 22/11
S6 Grass-plot 13/4
S7 Shrubs and trees 2.8/9
Gully “Rury” H1 Shrubs on the ravine slopes 3.2/12
H2 Bottom of the ravine with herbaceous vegetation 2.8/10
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Ground beetles (Carabidae: Coleoptera) were idedtib species level using key [25].
Nomenclature follows Hurka [25]. The habitat prefezes and the dispersal capabilities of
carabid species were obtained from the literat@@-29]. According to their habitat
preferences, ground beetle species were categoii#ted forest species, generalists,
open-habitats species, riparian and tyrphobiontispe In order to better assess the
disturbance level of the green areas, we considiéredlispersal capabilities of carabids.
According to the wing development carabid speciesewclassified into: brachypterous
species which disperse solely by walking; macrapterspecies which mainly disperse by
flight and dimorphic species containing both mateopus and brachypterous individuals.

Statistical analysis

Average density of carabid beetles (number of idizls per trap and day) was used
in analysis. In order to conduct the statisticadlgses, specimens trapped in pitfalls were
pooled per site per green area. The species waits presented as proportions of the total
of carabid species and individuals found in eagegrarea.

Rarefaction was used to estimate the species sshaethe different green areas. The
analysis of rarefaction gives an estimation of ékpected number of species while taking
into account the sampling effort and total numbércatches [30]. The beta-diversity
indices by Cody and Whittaker were used to asdesdhabitats diversity of the studied
urban areas. The differences in the species cotigrosind abundances between sites were
examined by means of hierarchical cluster analysig)g group-average linking based on
the Bray Curtis similarity matrix. Moreover, Sorensindex of similarity based on the
gualitative data was calculated. The differencesairabid assemblage composition between
the studied urban green areas were visualised ugingmetric multidimensional scaling
(NMS) ordination. Non-metric scaling is a non-paednt ordination technique that
performs well with datasets, where the underlyipgcies response patterns cannot be
specified a prior[31]. Bray-Curtis distance was used for this analyand significance of
ordination axis was evaluated. Calculations werfopmed using the PRIMER v6 [32] and
Diversity 3.0 software packages.

Results and discussion

A total of 862 individuals belonging to 65 specwsre caught, 54 of which occurred
in sites of Bystrzyca riverside, 21 species in Saski Park and 15 species in the gully
“Rury” (Table 2). 36 species from 16 genera wegstered exclusively in the floodplain
of Bystrzyca, six species from 5 genera were foonty in the Saski Park, and three
species were detected exclusively in the gully $Rutn all the studied green areas of
Lublin, 18 generalist species, 17 open-habitat isged5 riparian, 13 forest species and
2 tyrphobionts were recorded (Table 2). In addititour species listed as being under
national conservation in the Poland red data b@&3% yvere found -Carabus granulatus,

C. nemoralis, Badister dorsiger and Oodes helopioides and other red list of European
countries [34, 35].

The observed species richness is high for the igbdrterritory. This observation is
confirmed by comparison with data for other Eurapedies. For example, Zelazna and
Blazejewicz-Zawadzinska [20] conducted a researcthsik urban green areas of the
Bydgoszcz (Poland) in 2000-2003 and 87 carabid ispefound. In 12 semi-natural
grassland sites in the greater Helsinki regiomtal bf 78 carabid species were caught [23].
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A total of 99 carabid species were collected in défferent forest fragments, situated
around the capital Brussels in Belgium [36]. 70cép® were collected in three forests of
the Olsztyn (Poland) during one year [37]. Accogdia Téthmérész et g38], 50 species
were found in forests nearby the city of Sfantu @bbe along rural-urban gradient
(Romania). Over the past 20 years in six Swise<ithe 91 ground beetles species were
recorded on green roofs [39]. In three woodlandghie City of Debrecen (Hungary)
50 species of carabid beetles were registered [40].

Overall, the most abundant species in the studysanereNebria brevicollis (22% of
the total catch)Platynus assimilis (15%), Harpalus latus (7%) andLeistus rufomarginatus
(6.6%). Of these, the three spediesbrevicollis, P. assimilis andL. rufomarginatus were
abundant in the Saski Park, bt latus was abundant in the gully “RurySimilar results
were observed by Kosewska et al. [3KEbria brevicollis and Platynus assimilis were
abundant carabid assemblage from the parks of y@lsdthe most numerous species in
green zones of the Bydgoszcz were such speci€salathus erratus erratus, Calathus
fuscipes, Pterostichus oblongopunctatus andHarpalus tardus [19, 20].

Because the territory of the Lublin and the studigden areas are located in the
northern part of Lublin upland (landscape betwdead river valleys - Bystrzyca river and
its tributaries Czernejowka and Czechowka), we typsized that they wexery similar in
terms of the species composition and the speabsaess. Rarefaction curves for species in
the Saski Park and in the floodplain section ofBlystrzyca river began to level off only at
the maximum sub-sample sizes (number of indivigu#lg. 2). The green area of the gully
“Rury” has the lowest species richness of carabitig to the vicinity of a residential
neighbourhood and increased mowing in park. Thefiet species richness was higher in
the Bystrzyca riversides. Therefore, the greensaoéahe Lublin are distinguished by their
potential in maintaining a species diversity ofgrd beetles.
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Fig. 2. Rarefaction curves for carabid beetle abteges from the each urban green area of Lublin
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Table 2
The list of carabid species collected in the gr@as of the city of Lublin; their habitat affiniff/- forest species,
g - generalist, 0 - open habitat species, r - igpat - tyrphobiont) and dispersal ability (b abhypterous species,
m - macropterous, d - polymorphic)) { protected species

Urban green area
Floodplain of | Saski| Gully
the Bystrzyca | Park | “Rury”

X - -
X X

Habitat | Dispersal

Species affinity power

Acupalpus meridianus L., 1767
Anchomenus dorsalis Pont., 1763
Agonum fuliginosus Panz., 1809
Agonum marginatumL., 1758
Agonum versutum Sturm, 1824 r
Agonumviduum Panz., 1797 r
Amara aenea Deg., 1774 g
Amara communis Panz., 1797 o]
Amara familiaris Duft., 1812 g
Amara littorea Thoms., 1859 0
Amara nitida Sturm, 1825 0
Amara plebegja Gyll., 1810
Amara similata Gyll., 1810
Amara tibialis Payk., 1798 0
Anisodactylus binotatus F., 1792
Anisodactylus signatus Panz., 1797
Asaphidion flavipesL., 1761

Badister dorsiger Duft., 1812"

Badister unipustulatus Bon., 1813

Bembidion articulatum Panz., 1796

Bembidion dentellum Thunb., 1787

Bembidion doris Panz., 1797

Bembidion lampros Hrbst., 1784

Bembidion properans Steph., 1828

Bembidion quadrimaculatumL., 1761
Bembidion quadripustulatum Aud.-Serv., 1821
Bembidion semipunctatum Don., 1806
Bembidion tetracolum Say, 1823

Bembidion variumOl., 1795

Calathus erratus Sahlb., 1827

Calathus mollis Marsh., 1802

Carabus granulatus L., 1758"

Carabus nemoralisMull., 1764

Chlaenius nigricornisF., 1787

Chlaenius nitidulus Schrnk., 1781

Clivina collaris Hbst., 1784

Clivina fossor L., 1758

Dyschirius aeneus Dej., 1825

Dyschiriustristis Steph., 1828
ElaphrusripariusL.,1758

HarpaluslatusL., 1758

Harpalus luteicornis Duft., 1812

Harpalus progrediens Schaub., 1922
Harpalus xanthopus winkleri Schaub., 1922
Leistus rufomarginatus Duft., 1812
LoricerapilicornisF., 1775

Microlestes maurus Sturm, 1827

Nebria brevicollisF., 1792
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Notiophilus palustris Duft., 1812 g d X X -
Oodes helopioides F., 1792 r m X -

Patrobus atrorufus Strom, 1768 f b X - -
Platynus assimilis Payk., 1790 f m X X -
Poecilus cupreus L.,1758 g m X - X
Poecilus lepidus Leske, 1785 g d - X -
Poecilus versicolor Sturm, 1824 g m X - X
Pseudoophonus rufipes Deg., 1774 0 m X X -
Pterostichus anthracinus lll., 1798 f d X -

Pterostichus melanarius lll., 1798 g d X X X
Pterostichus nigrita F., 1792 g m X -

Pterostichus oblongopunctatus F., 1787 f m X -
Pterostichus strenuus Panz., 1797 f d X -
Pterostichus vernalis Panz., 1796 g d X X
Senolophus mixtus Hrbst., 1784 r h X - -
Somis pumicatus Panz., 1796 f b - X -
Trechoblemus micros Hrbst., 1784 g m X - -

As the urbanization (habitat fragmentation and agoh) affects the diversity of

ground beetles assemblages, we compared these apesen(based on Sorensen's index of
similarity). The species composition similarity Wwetn the studied green areas is low (less
than 40%): between the floodplain section of thestBayca and the gully “Rury” - 29%,
between the section of the Bystrzyca and park -,35tween park and of the gully “Rury”
- 39%. The observed low degree of similarity betw#ese territories is determined by the
spatial heterogeneity of the urban environment landheir spatial isolation. Gaublomme
with co-authors [41] states that habitat fragmeotamay not lead to a loss of diversity in
the short time, but rather to changes in commusitycture; because of the increasing
disturbance and high fragmentation of urban greaces are common [15, 16].

The cluster analysis showed significant differenaeshe species composition of
ground beetles from the studied green zones (Figl't® sites of Saski Park and “Rury”,
which are located among residential areas, werepg into one cluster, and the sites of
floodplain of the Bystrzyca formed another clus®®ne site of the Bystrzyca floodplain
(B8 - overgrown with trees and shrubs) adheretiecsites of the park and the gully, which
is explained by the presence of common forest speciCarabus nemoralis, Nebria
brevicollis andPlatynus assimilis.

Non-metric scaling ordination also shows clearetghces, along ordination axis 2,
between the habitats of the Bystrzyca river floadpbnd two green areas (Saski Park and
gully “Rury”) located in the city centre (Fig. 4yhe difference between them corresponds
to the degree of violation of environmental coradi. The consequences of urbanization,
including: reducing soil moisture, mowing lawns armaimpling in the park and the gully,
affected the composition of the assemblage. Thhaaeges of the environment indirectly
affect the species composition of ground beetleglucing the survival of beetles in
different stages of their development. At the same, the species composition of the
assemblage at floodplain of the Bystrzyca is deiteethby the connection of this landscape
this valley of the river. Until now, the populat®f beetles have been preserved in the
artificial riversides of Bystrzyca, characteristitnatural river valleys, as will be discussed
below.
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The analysis of species assemblages with respdietitotraits is a known approach to
the understanding of the processes observed imudpascapes. It is obvious that urban
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environments are dominated by generalists and bpbitats species. As a consequence,
the species composition of the assemblages irs diteomes homogeneous, mainly due to
the loss of species specialists [42-44]. The sicgnift alteration of the original habitats in
the urban areas was also reflected by the highetbau of open-habitat species which
prevailed in the city centres [45].

Thus, in our study, the generalists (28% of thaltepecies) and open-habitat species
(26% of the total species) accounted for half efttital number of recorded carabid species
in the green areas (Fig. 5a, b). At the same tforest and generalist species were most
numerous in all green areas (Fig. 5b). The carbbitle assemblage of the floodplain of
Bystrzyca is composed of five habitat affinity gpsy with dominance of riparian (28%)
and open-habitat (26%) species (Fig. 5a). As emgeatepresentatives of riparian and
tyrphobiont habitat affinity groups were recordedlyoin floodplain of the Bystrzyca;
riparian species were the most abundant (Fig. 5b).

Three habitat affinity groups are represented m s$kructure of the carabid beetle
assemblages of the Saski Park and the gully “Rumjth a dominance of open-habitat
species (38 and 47% respectively) (Fig. 5a). Hetleeabundant species in the Saski Park
and in the gully were of forest species, while gemeralists were numerous only in the
gully (Fig. 5b). The prevalence of forest species/nmdicate that these habitats were once
covered by forests. Urban habitats can contribwutihé survival of species if their primary
habitats are under significant pressures. The tsffe€ urbanization lead to increase of
generalist species and this is indicated by chaimgassemblages.

a)

all greenery

BGeneralist
0Open-habitat
Forest

SRiparian

GTyrphobiont

Proportion of the density [%0]

Proportion of the number of species [%6]

Fig. 5. The proportions of: a) number of specied bndensity, according to habitat affinity grodps
each green area and in all study greenery of thiirL.uAbbreviation of green areas is given in
Table 1

A number of previous studies have shown that tlserablages of disturbed habitats
contain more highly mobile species capable of flif#b]. High dispersal capacity of
species is an important prerequisite of existenaglhan environments. Our hypothesis that
there would be more macropterous species in thengexeas was supported. Carabid
species with high dispersal ability prevailed nuicsdly, as well as by the species richness
in all studied green areas (Fig. 6a, b). The higimiper of flying species in the floodplain of
the river Bystrzyca is understandable, becausenstable conditions and the need of
searching of suitable habitats; this is why theanigin species with active dispersal ability
are presented here. In carabid assemblage of glé Bark, the macropterous (52%) and
dimorphic (38%) species are dominant (Fig. 6a). pitevalence of macropterous species in
both park and gully is caused by the conditionaristable habitats (covering from asphalt,
broken flower beds and lawns).
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Fig. 6. The proportions of carabid species witHedént dispersal ability (a) and their density o)

each green area and for all study green area® dfublin. Abbreviation of green areas is given in
Table 1

Only three brachypterous species were found in study and they all are forest
species. ThusC. nemoralis and Stomis pumicatus occurred in the Saski ParRatrobus
atrorufus andC. nemoralis were found in the sites of Bystrzyca floodplairalffe 2). This
situation has been noted by other authors, stafiagfewer brachypterous and many more
macropterous species are present within urban ft6ad6].

As analysis of beta-diversity shows (Fig. 7) theghieist values of Cody and Whittaker
indices were noted in valley of the Bystrzyca, ppased to other green areas - park and
gully “Rury”. Hence, the values of these indicesr@ase considerably due to the presence
of green areas in Lublin (Fig. 7), which confirnhe importance of conserving all existing
greenery or residual natural complexes.

¢ Cody, Bc OWhittaker, Bw

60 - - 10
* -9
50 - g
L 2 i
40 - !
: -6 =
@ 30 - O -5 2
3 4 %
2 20 O 3 £
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10 -
® : o
0 ; . T 0
"Rury" Saski Park Floodplain of theall green areas
Bystrzyca

Fig. 7. Beta-diversity indices by Cody (Bc) and Widilier (Bw) for each studied green area calculated
separately and in total (all studied areas)

Conclusions

The various green areas in Lublin differ in termispecies richness of carabid beetles.
The assemblages are limited to the isolated cultsies (such as park with lawns and
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gully) and habitat patches along riversides of Bysta. In our case, the floodplain of the
river Bystrzyca (i.e. remnant of natural intrazolaaddscape) is a corridor linking the green
areas with the rural habitats outside the Lublity.cThis is important to improve the
connectivity and thus facilitate species migrataond species persistence in small habitat
patches of urban environment. However, the lackarfnection between isolated habitats
can limit their role on a landscape scale, andefloee they cannot perform the role of
a refuge, especially for rare and protected inbedtie species. The presence of protected
carabid species granulatus, C. nemoralis, B. dorsiger andO. helopioides) in urban sites

of Lublin shows that not only the conservation afidscape elements is important for the
preservation of biological diversity, but also tHevelopments of the infrastructure of
artificial green zones.
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