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ABSTRACT

Gorgievska C.A., Prelik D., Hristovski, S. & Georgiev B. (2009). Comparative analysis of structural char-
acteristics of ground beetles community (Carabidae: Coleoptera) along an urban-rural gradient in Skopje city and
its surrounding. Ekol. Zast. Zivot. Sred. 12(1/2): 31-44.

Comparative analyzes of structural characteristics of ground beetles in three different localities (urban - U,
suburban - S and rural - R) along the urban-rural gradient in Skopje city and its surrounding was followed.

The material was collected monthly, during one year period (07.2004 — 07.2005) by pitfall trapping along
transect.

In total, 61 species, and 28 genera were registered. In total 3.03 ind.-trap™ were registered, in R - 3.42 ind.-trap™!,
in S —2.54 ind.-trap" and in U - 3.13 ind.-trap™'. Dominant species were Calathus melanocephalus (Linnaeus, 1758),
Calathus cinctus (Motschulsky, 1850), Harpalus serripes (Quensel, 1806) and Amara aenea (De Geer, 1774).

Structural features of ground beetles (Carabidae: Coleoptera) has been done trough examination of structur-
al characteristics such as Index of richness — d; Index of diversity — H’; Index of homogeneity —J ; Index of dom-
inance - DI and Index of similarity - s, comparatively in three different localities.

There were similar oscillations of d and H” which had highest values during early summer period and low-
est during February. Values of H” and J « Were almost identical and positively correlated. DI was negatively corre-
lated to the other indexes. Highest values were registered during February in R and May in S, while lowest during
July in S. Index of similarity (s) was highest between urban and rural locality (66.67%) in winter period.

Key words: ground beetles, urban-rural gradient, structural indexes

AIICTPAKT

I"opruescka I.A., TIpennik JI., Xpucrosekn, C. 1 Teoprues b. (2009). CriopenGena ananusa Ha CTPyKTyp-
HuTe omuky Ha Tpkaunte (Carabidae: Coleoptera) mo momkuHa Ha ypOaHO-pypajieH rpaueHT Bo rpaaot Ckomje u
HeroBara okonuHa. Exon. 3amrt. JKusot. Cpen. 12(1/2): 31-44.

HanpagseHa e criopen0eHara aHaiii3a Ha CTPYKTYpPHUTE OJUTMKH Ha TPKAYHUTE BO TPUTE PA3INIHH JIOKAJIUTE-
tH (ypban-U, cyOypOaH-S u pypajeH-R) no nomkuHa Ha ypOaHO-pypalieH TpagueHT Bo rpaaoT CKollje U HeroBara
OKOJINHA, TIPEKy OJpelyBame Ha CTPYKTYPHHUTE MHAEKCH: MHAEKC Ha OoraTcTBo — d; MHIEKC Ha quBep3uTeT — H’;
MHJICKC Ha XOMOTCHHTET — J : MHJCKC Ha JloMuHa1mja - DI 1 HHIeKe Ha ClIMYHOCT —s.

MarepujanoT e KOJIEKIIMOHHUPaH MECEIHO BO TeKOT Ha eiHa roauna (07.2004 — 07.2005) co momorir Ha JI0B-
HH 3aMKH ITOCTaBEHH MO JIOJDKHHA Ha TPAHCEKT.

Bo TekoT Ha HCTpaKyBamkETO, PETUCTPUPAHO € IPUCYCTBO Ha 61 Bua, kou npunaraar Ha 28 ponosu. Bo on-
HOC Ha KBAHTUTAaTHBHHOT COCTaB, 3abesexanu ce BKymnHo 3,03 una.3amka™’, o kou 3,42 WHI.3aMKa™' BO pypasiHu-
or, 2,54 unp.3amka’ Bo cyGypOanuor u 3,13 una.3amka’! Bo ypOanuor siokanuter. Co cBojara JOMHHAHTHOCT IO
JIOJDKUHA Ha TPAJIMEHTOT ce u3BojyBaa ponosute Calathus, Harpalus w Amara, xaxo u Bunosure Calathus mela-
nocephalus, Calathus cinctus, Harpalus serripes v Amara aenea.
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Nnpexcure Ha GorarctBo — d u quBep3uter — H’ ce CO CITMYHHU BPEJHOCTH, HAjBUCOKH BO TEKOT Ha JIETOTO
M HajHUCKH BO TEKOT Ha Mecell (eBpyapH. FIHIeKCOT Ha XOMOTeHHUTET — J | OCLMIIMpa BO IOTECHHU rpaHuuu. Bpex-
HOCTHTE Ha JIUBEP3UTETOT U XOMOTEHHUTETOT C€ CKOPO MACHTHYHH M MPaBONPOINOPIHOHATHU. MHAEKCOT Ha JIOMH-
Harja — DI e Bo HeraruBHa KopeJaiuja co OcTaHaTuTe HHIeKCH. HajBHCOKH BpeqHOCTH ce 3a0eNie)aHn BO TEKOT
Ha (heBpyapH BO PypaHHOT U Maj BO CyOypOaHUOT JIOKAIUTET, T0JICKa HAJHUCKH BO jyJIH BO CyOypOaHUOT JIOKaIH-
TeT. IHIeKCOT Ha CIIMYHOCT — § € HAjBUCOK ITOMel'y ypOaHHOT M pypaHHOT JIoOKAUTET (66.67%) BO TEKOT Ha 3UM-

CKHOT TI€PUOI.

3abenekaHu ce Pa3iuKy BO CTPYKTYPHHUTE OJJIMKH HA TPKAYUTE MOMEry JIOKAIUTETUTE, KaKO Pe3yyiTar Ha
pa3IMYHUTE EKOJIOUIKH YCJIOBH I10 JIOJKMHATA Ha TPAJUEHTOT.

Koayunu 360poBu: Tpkauu, ypObaHO-pypajeH rpaieHT, CTPyKTYPHH HHICKCH

Introduction

Many studies were conducted as a part of the
GLOBENET project (Global network for monitor-
ing biodiversity changes across urban-rural land-
scapes) in the last decade where species composi-
tion and abundance of arthropods along an urban-
rural gradient were analyzed. According to McDo-
nell (1993), this gradient represents the differences
of structural and functional components of ecosys-
tems. Comparison of the obtained results gives op-
portunity for real evaluation of urban environment
which is the reason in the bases of cenological in-
vestigation to involve the concept of “urban-rural
gradients”. The investigations along these gradients
usually are made trough following the changes of
structural characteristics of different animal groups,
mainly Carabidae (Niemel et al. 2000).

The area of the Skopje city, suffers significant
changes of the animal and plant communities in the
last decades as a result of intensive economical, so-
ciological and demographic development. This was
the main reason to conduct detailed ecological in-
vestigation of terrestrial macrofauna along an urban-
rural gradient in Skopje and its surrounding, where
as a model group was family Carabidae.

Biocenological structure of ground beetles
(Carabidae, Coleoptera) is a parameter which can be
used as a bioindicator of the changes of community
structure along the urban-rural gradient (Stork 1990;
Desender 1996; Luff 1996; Niemeld 1996; Dufréne
& Legendre 1997).

There are no literature data on spatial varia-
tion of the structural characteristics of ground bee-
tles along an urban-rural gradient, which includes
biotops with ruderal and meadow vegetation. Ac-
cording to Prelik (2002) the analyses of the struc-
ture of carabidocenosis were conducted in beech
and oak forest ecosystems of the temperate region,
in Mediterranean habitats of South France with dif-
ferent type of vegetation (David et al. 1999), in for-
est of Pinus sylvestris in the Netherlands (Berg et
al. 1998) and in Canadian boreal forests (Paquin &
Coderre 1997).

The purpose of the present study is to make
a basic approach to the structural characteristics of

the ground beetles community, as well as to analyze
their qualitative and quantitative characteristics.

Area of investigation

The investigations were conducted in the
central part of the city of Skopje and its surrounding.
Climate-diagram of the city Skopje is presented on
Fig. 1. Meteorological measurements were conduct-
ed by the Hydro-meteorological Institute from Sko-
pje, located at the meteorological station Zajéev Rid,
at an altitude of approximately 270 m. Climatic con-
ditions were followed during 40 years (1951-1990).
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Fig. 1.

Climadijagram for the investigation period of
40-years (1951 — 1990) in Skopje city (from
Filipovski et al. 1996.)

Cn.1. Kimmmagujarpam 3a nepuon o 40 roquHu
(1951-1990) Bo rpamot Cronje (OUIHUTIOBCKH U
cop. 1996)

Skopje city and its environment are charac-
terized with temperate-cold winters and warm sum-
mers. The average annual temperature is 12.0 °C.
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The absolute maximal monthly temperatures reach
42.4°C (July). The absolute minimal month temper-
ature is -25.6 °C (January). Maximal mean monthly
temperature is 30.0 °C (August). The minimal mean-
monthly temperature is -3.6 °C (January). During all
year, with the exception of the summer period, days
with absolute minimal temperature below zero, were
registered, during January, February and December
(Fig. 1.). The annual number of tropical days is 50,
while the annual sum of the summer days is 123.
Skopje city has 80 frosty days.

Skopje is characterized by relatively small
amount of rains during the year (Fig. 1). The annual
sum of precipitation is 502 mm, the lowest is in the
warmest month of August (29,0 mm), and the high-
est is during May (60,8 mm). Compared by seasons,
autumn is more rainy than spring. The annual rela-
tive air humidity is 69%. Arid period was registered
during summer months. Semiarid period exist from
the second half of May till the end of October. Gen-
erally, climate is temperate-warm according to tem-
perature, and semi-arid according to humidity (Fili-
povski et al. 1996).

Geological composition is heterogenic, con-
sisted mainly of clastic sediments, with domination
of tertiary lake and sea sediments.

Characteristics of the investigated localities

A way to investigate the urbanization influ-
ence on the environment is to analyze the structure
and function of the ecosystem along an urban-rural
gradient (McDonnell and Pickett 1990). Urban areas
are densely populated, developed and highly urban-
ized, surrounded with less urbanized areas (Dickin-
son 1966). According to Shochat et al. (2003), ru-
ral areas are residential zones which are not includ-
ed in the urbanizing plan; suburban areas are those
which surround urban parts of the city, with relative-
ly small number of constructing objects (2,5-10 ha)
and small amount of green surface (20-50 %); ur-
ban areas are the one which are dominated with con-
structing objects (10 constructing objects /ha). Ac-
cording to Magura et al. (2005), the criteria for ur-
ban, suburban and rural areas are the percent of the
constructing objects. Namely, this percent in the ur-
ban area is 60%, in suburban approximately 30%
and in rural area 0%.

Based on the cartographic data (Markovski
and Gorin, pers. comm.) for the position of the in-
vestigated area, and the appropriate phytocenologi-
cal analyzes (Kostadinovski, pers. comm.), gradient
was placed starting from:

1. Urban locality (U): highly disturbed ur-
ban area - the area that is nearest to the swimming
poll ”Karposs* and the Military Hospital. The same
is placed in the central part of the city, at the right site
of the River Vardar, at the altitude of 252 m, covering

the surface area of 1,38 hectares. The frequency of
traffic is very intensive, and near by is a constructing
object. Also this is part of the city where air pollution
is very high. Trees are absent in this locality. Phyto-
cenosis belong to the class of Chenopodietea Br.-Bl.
1952, order Chenopodietalia Br.-Bl. (1931) 1936, al-
liance Hordeion Br.-Bl. (1931) 1947, as well as parts
of other alliances and orders of the same class and
parts of communities of grazed habitats.

2. Suburban locality (S). Less disturbed
suburban area - the area which almost identically re-
flects the characteristics of the suburb zone, mean-
ing part which is at appropriate distance from the
city center; where urbanization and air pollution are
less intensive. The same is named as suburb locali-
ty (S) and it is placed near the municipality Madzari
and grocery market. This locality is placed at the left
site of the River Vardar, at the 234,6 m altitude with
surface area of 0,788 hectares. The trees are rare, on-
ly at the periphery of the biotope. The transects are
placed at the quite diverse vegetation surface, with
fitocenosis which belong to few classes of ruderal
vegetation, such as: Polygono arenastri-Poetea an-
nuae Rivas-Martinez 1975 corr. Rivas-Martinez et
al. 1991, Stellarietea mediae Tx. et al. 51, Artemisi-
etea Lohm. et al. 51 et Galio-Urticetea Passarge et
Kopecky 69 (Matsejesa, 1982; Carni et al., 1997,
2002).

3. Rural locality (R). Undisturbed rural ar-
ea - rural locality (R) is placed nearest to the village
Mralino and the road Skopje-Veles, at about 24 km
distance from the Skopje city.

This locality is placed at the left site of the
River Vardar, at the altitude of 227 m and with sur-
face of 5,1 hectares. Trees are rare and surround the
biotope. Although there is some transformation to si-
nantropic vegetation, the vegetation in this locality
belongs to the class of meadow community Molin-
io-Arrhenatheretea R. Tx. 1937 em. R. Tx. 1970, or-
der Arrhenatheretalia R. Tx. 1937, alliance Cyno-
surion R. Tx. 1947, Communities are developed on
habitat which is used for grazing, which prevents the
development of this vegetation to a typical meadow
community.

Along the gradient (in all three localities),
similar phytocenological composition was noticed
(especially between suburban and urban locality),
represented with ruderal vegetation.

Material and methods

The investigation was conducted monthly
(July 2004-July 2005), by using pitfall traps. Pitfall
traps is the usual method for sampling epigean in-
sects. This method is not the most appropriate for
direct estimation of absolute true density, but it is
useful to compare population size and community
structure in space and time (Dent & Walton 1997,
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Duelli et al. 1999; Perner & Schueler 2004; Grez,
et al. 2004).

Within each locality, three transects were ran-
domly placed, each transect line was approximately
50-100 m apart, and at each 10 pitfall traps were
placed, 10 m apart. In total, there were three locali-
ties, 9 transects and 90 traps. Each pitfall trap con-
sisted of plastic cup, which was placed flush with the
surface of the soil. The pitfall traps were half filled
(200 ml) with formalin - vinegar solution, in 1:7 ra-
tio, which acted as killing and preserving agent of
the catch. Plastic roofs were placed at each trap, a
couple of centimeters above, to prevent dilution of
preservative from the rain water.

Collected beetles were analyzed ecologically
and taxonomically, classified to species.

Structural characteristics of the ground bee-
tles community were determined by analyzing struc-
tural indexes: index of richness — d; Schaennon-Wie-
ner‘s index of diversity — H’; index of homogenei-
ty —J.; index of dominance - DI and index of sim-
ilarity —s:

- Index of species richness - d (according to
Margalef (1958)):

_n-1
InN

where n is the number of present species, N is the to-
tal number of individuals

- Index of diversity (presence) of different
species - H’ (according to Schaennon-Wiener, from
Glowacinsky (1975)):

H'=> plnp, pl_zﬁ
i1 N
where n, is the number of individuals from i - spe-
cies, and N is the total number of individuals
- Index of homogeneity (equal distribution
and presence of different species with individuals) -
Jo (according to Pielou (1966)) :
Hl
Jo=1—
In§
where H’ is Shannon’s index of diversity.
- Index of dominance - DI (according to
Karr (1971)):

D]:%*loo

where Y, is the abundance of the first dominant spe-
cies, Y, is the abundance of the second dominant
species, and Y is the total abundance of the com-
munity.

- Index of similarity (s) — of the species
composition in different localities / months (accor-
ding to Marczewski and Steinhaus (1959)):

SZLHOO
a+b-w

where W is the number of common species, a is
the total number of species in one locality / month,
b is the total number of species in the other locali-
ty / month.

Results

d, H’, J(e) and DI, in urban locality, were
followed trough the investigation period (Fig.2).
Except for the index of dominance, the other in-
dexes showed similar values, higher during spring
and summer and lower recorded in autumn and win-
ter period. DI had inverse relationship: highest val-
ues in autumn-winter period, with maximal values
noticed in December (92,95%). During the same
month, indexes of richness — d (1,17) and diversity
—H’(0,98), reached minimal values. Dominant spe-
cies were Calathus cinctus (Motschulsky, 1850), Ca-
lathus melanocephalus (Linnaeus, 1758), Amara ae-
nea (De Geer, 1774) and Harpalus serripes (Quen-
sel, 1806) trough all the year. Calathus melanoceph-
alus and Calathus cinctus were dominant species
during autumn and winter months, Amara aenea
during spring period, while Harpalus serripes was
dominant species in summer (Tab. 4, 5, 6 and 7).

d reached maximal values in May 2005 (3,56)
and June (4,06). Values of diversity — H* and homo-
geneity — J(e) were similar during all year, higher
in spring-summer period, while during autumn and
winter their decrease was noticed.

J(e) had relatively low values and ranged be-
tween 0.47 (in February 2005) and 0.85 (March
2005), with minor oscillations during the rest of the
year.

H’ had larger variations during the year, with
maximal values reached in summer, especially in
June 2005 (2,16).

Variations of structural indexes (d;, H’, J(e),
DI) during the investigation period in suburb local-
ity are shown on Fig.3. d and H’ had similar val-
ues through all year. Their values were high during
all year, except for the winter period when their de-
crease was noticed. H’ reached maximal values in
summer (July 2004 — 1,97), and minimal values in
May (0,63). J © " showed larger variations in con-
trast to urban locality, but in relatively narrower
range, from 0.52 (November 2004) to 0.91 (May
2005).

Once more, all the indexes except for DI
showed similar values: higher during spring and sum-
mer and lower in autumn and winter period. Except
for the summer period, DI had higher values trough
all year, with maximum reached in May (100%) and
December (91.30%). d (0,78 in December) and H’
(0,63 in May) reached minimal values during this
months. Minimal values of DI were noticed in Ju-
ly 2005 (15,38%). Dominant species were Calathus
melanocephalus, Calathus cinctus and Harpalus
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Fig.2.  Seasonal variation of the structural characteristics (d, H’, J ., DI) of the carabidocenosis in urban locality
Cn.2. CesoHcKU NPOMEHH Ha CTPYKTypHUTE Kapakrepuctuki (d, H’, J , DI) Ha kapaGunoneHosara Bo ypOaHHOT
JIOKAITUTET
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Fig. 3.  Seasonal variation of structural characteristics (d, H’, J @ DI) of carabidocenosis in suburb locality
Ca.3.  Ce3oHCKU IPOMEHHU Ha CTpyKTypHHUTE KapakTepuctku (d, H’, J |, DI) Ha kapabugorieno3ara Bo cyOypOaHHOT

JIOKAJIUTET

serripes, while Amara aenea was recendent species
during all year. Calathus cinctus and Calathus mel-
anocephalus were dominant species in greatest part
of the year, especially during autumn, winter and
spring months. Amara aenea and Harpalus dimid-
iatus reached highest values for dominance in April
2005, although they were recendent during the resto
of the year. Harpalus rubripes was dominant in Sep-
tember and Harpalus serripes was dominant during
summer months (Tab. 4., 5., 6., 7.).

Index of richness — d despite the other in-
dexes showed somewhat higher values, but also and
more expressed variations during all year. Maximal
values were reached in August (3,26) and minimal in
December (0,78).

d, H” and J(e) showed similar values in rural
locality - higher in spring and summer period, and
lower in autumn and winter period (Fig.4.). DI had
inverse relationship with other indexes and reached
highest values in winter. Maximal values were no-
ticed in September (86.06%). J(e) and H’ reached
minimal values in this month (0.36 and 0.84, re-
spectively). Minimal value of dominance was reg-
istered in July 2004 (40.9%). Calathus melanoceph-
alus, Calathus fuscipes and Amara aenea stand out
by their dominance through whole year. Calathus
cinctus was subdominant, while Harpalus serripes
and Harpalus dimidiatus were subrecendent. Har-
palus dimidiatus was dominant species during the
summer, Calathus species (mainly Calathus mel-

(e

anocephalus and Calathus fuscipes) were dominant
in autumn period. Trechus quadristriatus was dom-
inant in winter months while Amara aenea reached
highest abundance and dominance during the spring
(Tab. 4.,5.,6.,7.).

d reached highest values in July 2004 (3.57)
and April 2005 (3.47), while minimal were noticed
in December (0.77) and February (0.28). Again, the
annual changes in H’ and J(e) showed similar pattern
to d. J(e) in this locality reached relatively high val-
ues during winter period and showed minor oscilla-
tions during the investigated year, with equal pres-
ence of different species.

H’ reached maximal values during summer
period with peak in July 2005 (2.27), and minimal in
February (0.62) and September (0.84). There were
smaller variations with the exception of September
and February.

Average values of indexes (d, H’,J(e) and DI)
along an urban-rural gradient in the city of Skopje are
shown on Fig. 5. Compared by localities, d had high-
est value in U (2.53). J(e) had similar values in all
three localities (0.64-0.71). Also, H’ shows low varia-
tions. All of these indexes had lowest values in S.

Values of DI were determined by the domi-
nance of separate species. Calathus melanocepha-
lus was equally dominant in all three localities. Cal-
athus cinctus and Harpalus serripes were dominant
in S, besides Calathus melanocephalus, Amara ae-
nea was dominant in U. The lowest values were no-

Ecol. Prot. Env. 12(1/2), 2009
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Fig. 4.  Seasonal variation of structural characteristics (d, H’, J @ DI) of carabidocenosis in rural locality
Cn.4.  Ce30HCKH IPOMEHHM Ha CTPYKTypHHTE Kapakrepuctuku (d, H’, J © DI) Ha kapaOuo1eH03aTa BO pypaHHOT
JIOKaJIUTET
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Fig. 5.  Spatial variation of the structural characteristics (d, H’, J © DI) of the carabidocenosis along an urban-rural
gradient in Skopje city and its surrounding
Cn.S5.  Ce3oHCKH IPOMEHH Ha CTPYKTypHHTE Kapakrepuctuku (d, H’, J , DI) Ha kapabunomneHo3ara 1o 10DKHHA Ha

ypb6aHo-pypaieH rpaiueHT Bo rpanot Crormje n

ticed in R (65.68%). which are due to the dominance
of Calathus melanocephalus, Amara aenea and Ca-
lathus fuscipes.

S was made with aim to evaluate the percent
of similarity in community composition between

b (C)’
HETOBATa OKOJIMHA

seasons in three different localities along the gra-
dient. Tab. 1. shows the matrices of similarity and
points up that similarity of the community compo-
sition in rural locality was highest in autumn-spring
period. In suburb locality this index was highest dur-

Tab. 1.  Similarity of community structure of carabidocenosis along an urban-rural gradient during the investigated
period (07.2004 — 07. 2005)
Ta6.1. CnuuHOCT BO COCTABOT Ha KapaOMIOLIEHO3UTE 110 JIODKHHA Ha ypOaHO-PYPaIHUOT TPAJAUCHT BO TEKOT Ha
ucrpaxysanuor nepruon (07.2004 — 07. 2005)
Spring / IIposier | Summer/Jleto | Autumn/Ecen | Winter/3uma R
100.00 39.40 43.00 8.00 Spring/IIposier
100.00 38.00 3.00 Summer/Jleto
100.00 20.00 Autumn/Ecen
100.00 Winter/3uma
Spring/IIposier | Summer/Jlero | Autumn/Ecen | Winter/3uma S
100.00 21.00 30.00 15.00 Spring/IIpoJer
100.00 44.80 12.50 Summer/Jlero
100.00 21.00 Autumn/Ecen
100.00 Winter/3uma
Spring/Ilponer | Summer/Jleto | Autumn/Ecen | Winter/3uma U
100.00 58.00 42.40 17.20 Spring/IIpoJiet
100.00 42.80 15.60 Summer/Jlero
100.00 35.00 Autumn/Ecen
100.00 Winter/3uma
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ing autumn-summer period, while in urban locality
highest values of this index were registered in sum-
mer-spring period. In all three localities the similari-
ty of the community composition was lowest during
winter-summer period.

Discussion

Along the gradient, index of richness (d)
showed similar values during all year in suburb and
rural locality, while it was quite different in urban lo-
cality, especially during the spring period. The low-
est value was noticed in suburb locality (1.95), while
the highest in urban locality (2.53). Compared by
seasons, this index reached higher values in spring-
summer and autumn part of the year, which coin-
cides with the higher total abundance of carabids.
Ground beetles showed higher activity during warm-
er period of the year, and they migrate in lower lay-
ers of soil searching for shelter and better conditions
during the winter because of the unfavorable condi-
tions (Vidinc¢eva 1995).

In rural locality as a result of rich qualita-
tive composition, there were high values of index of
richness during July 2004 (in total 17 species), Oc-
tober (16 species), April (18 species) and July 2005
(20 species). In suburb locality, high values were
recorded in August (15 species) and November (16
species), while in urban locality high values of this
index were recorded in May (16 species) and June
(20 species).

Index of diversity (H’) highest values
reached in rural and lowest in suburb locality. In
all three localities values were higher during au-
tumn and spring-summer period as a result of the
life cycles of ground beetles which are mainly spring
breeders. According to Prelik & Georgievska (1999)
the appearance of new groups in spring and favor-
able microclimatic conditions enlarges diversity as
a whole. During the winter, the diversity was low-
er because of the limited food resources. Also, lower
value of diversity in winter months along the gradi-
ent, points up the existence of species which repro-
duce in spring, so called “summer insects”. These
beetles spend the summer period as larvae and in au-
tumn give new generation which hibernates as an
adult stage in winter. Index of diversity is a function
of the number of different species (index of rich-
ness) and their equal distribution in the community
(index of homogeneity) (Prelik 2002).

Lower value of diversity (0,84) in rural lo-
cality during September was a result of high val-
ue of index of dominance (86.05%), due to the high
abundance of Calathus fuscipes (3.33 ind.-trap™).
High values reached in July 2004 (d=3.57; H’=2.27)
and July 2005 (d=3.81; H’=2.01) when 17 and 20
species were registered, and without major oscilla-
tions during the year, except for September (d=1.87,;

H’=0.84) and February (d=0,28; H’=0,62) when
10 species (DI=86.06%) and 2 species (DI=100%)
were registered, respectively. In suburb locality
this index was without significant oscillations and
it reached higher values in July 2004 (14 species)
and 2005 (10 species), while lower value except in
winter period, was also noticed in May, when on-
ly 2 species were registered and the index of domi-
nance was 100%. Lower value of H’ during May in
this locality was a result of lower value of richness.
In urban locality in September, June and July 2005
highest values were reached, while the lowest were
noticed in winter period. In September higher val-
ue was reached when despite the lower abundance,
higher number of species increases diversity. Small-
er value was noticed in July 2005 because of the
dominance of Harpalus serripes (4.83 ind.-trap™).

Similar values of index of homogeneity (J (e))
were noticed in U and SU. Analyzed by months, val-
ues of d and H* were higher and the community
was more homogenous during autumn and spring-
summer period. Minor changes of their values dur-
ing the year were due to local migrations of ground
beetles caused by the changes of the environment
(Prelik 2002). According to the same author, differ-
ent growing cycles of carabids determine change of
their composition and diversity. Decrease of this in-
dex was noticed during February, which was expect-
ed because the diversity is equally proportional to
richness, and during this month there were few spe-
cies registered, which points to the existence of un-
stable community. During winter months, there were
only few species (Calathus spp., Amara aenea, Har-
palus distinguendus, Trechus quadristriatus, Leb-
ia cyanocephala, Brachinus explodens, Pterosti-
chus niger, Laemostenus punctatus, Amara euryno-
ta, Zabrus tenebrioides, Harpalus dimidiatus, Har-
palus rubripes, Parophonus maculicornis, Micro-
lestes minutulus, Syntomus pallipes), which also
were dominant and contribute do the decrease of J .
Therefore, we can say that these species were au-
tumn breeders, or “winter insects”.

The highest value reached in rural locali-
ty and point up the existence of homogenous com-
munity. Namely, the existence of large number of
ecological niche, suitable pedological composition
and microclimate in this habitat create suitable con-
ditions for colonization of macropedofauna. So, as
species richness and diversity are higher so the com-
munity is more stable and homogenous. Also, in this
locality there were not any major oscillations of ho-
mogeneity, which is due to the equal presence of dif-
ferent species and small changes of their abundance
during the year. Followed by months, the lowest val-
ue was registered in September 2004 which was due
to the presence of the species Calathus fuscipes who
reached abundance of 3.33 ind.-trap'. Higher val-
ue of homogeneity during winter period was proba-
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bly as a result od the presence of the winter species,
mostly of the genus Calathus (C. melanocephalus,
C. cinctus and C. fuscipes) which enlarge the diver-
sity and the stability of the community with their
abundance. In suburb locality high value of ho-
mogeneity was noticed in May 2005 because of the
presence of only two species Calathus cinctus (0.06
ind.-trap') and Poecilus cupreus (0.03 ind.-trap™'),
although with small abundance. In urban locality
index of homogeneity was highest during September
when 12 species were registered and there was rela-
tively low index of dominance (46.51%).

Index of similarity (s) showed high faunistic
similarity during the year, with the exception of the
winter period (Tab. 1.).

Generally during the year, structural charac-
teristics were higher in autumn and spring-summer
period, with smaller oscillations, due to their life cy-
cles and seasonal variations of the climate, which is
characteristic of the areas of temperate region. Equal
presence of species and the existence of similar com-
position in different months of the year were regis-
tered. It stresses the stability and homogeneity of the
community, which does not suffer significant chang-
es during the year (Vidinéeva, 1995). Along the gra-
dient, structural indexes were higher in rural local-
ity which points up the existence of relatively suit-
able physico-chemical characteristics and mechan-
ical composition of soil, appropriate hydrotermical
conditions and phytocenological composition.

Conclusions

Along the gradient, zoocenological evalua-
tion of the carabidocenosis structure showed that in-
dexes were higher in rural locality which points up
the existence of relatively suitable hydrotermical,
physico-chemical and mechanical conditions of the
soil as well as appropriate phytocenological compo-
sition.

During the year, structural indexes d; H’; s;
J, were higher during autumn and spring-summer
period, due to the life cycle of ground beetles and
seasonal variation of the climate. This stresses the
existence of community which is homogenous and
relatively stable and does not have and significant
changes during the year.
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CIIOPEJABEHA AHAJIN3A HA CTPYKTYPHUTE OJAJINKU HA TPKAYUTE (Cara-
bidae: Coleoptera) I10 JOJI’KNHA HA YPBAHO-PYPAJIEH T'PAJUEHT BO I'PAJIOT
CKOIIJE 1 HETOBATA OKOJIMHA

Anexcanmpa 1. I'OPI'MEBCKA, Jlana [IPEJIUK, CiaBao XPUCTOBCKU u Bopucnas
I'EOPI'MEB

'Mpupoono-mamemamuuru paxynmem, Hncmumym 3a 6uonozuja, Cronje, I'azu baba 66, 1000 Cronje, Maxedonuja
’Hayuonanen Ipupooonayuen Mysej 1, yn. Lap Ocnob6ooumen, 1000 Coguja, Bysapuja
* Aemop 3a copabomxa (e-mail: aleksandra0611@yahoo.com)

Pe3nme

Bo TekoT Ha €qHOTOMUITHOTO HCTpaXxKyBame BO mepuonot momery 07.2004 — 07.2005, Geme Hampase-
Ha criope0eHa aHajIu3a Ha CTPYKTYPHHTE OJUTUKH HA TPKAYUTe BO TPHUTE pasiMyHu JIokanuTeTH (ypoan-U, cy-
Oyp06aH-S u pypaneH-R) mo nomwkuna Ha ypOaHO-pypaneH rpagueHT Bo rpagoT CKollje u HeroBara OKOJIHHA,
IIPEKy OApeayBarbe Ha CTPYKTYPHHUTE HHAEGKCH: HHIEKC Ha GorarcTBo — d; MHAEKC Ha quBep3uteT — H’; nHIekce
Ha XOMOT'€HUTET — J (¢ MHIIEKC Ha nmoMuHanwja - DI u mHIEKC Ha CITMYHOCT — S.

IIpu Toa Germre peructpupano mpucycTso Ha 61 Bux (28 pogosu). Bo ogHOC Ha KBAaHTHTATHBHUOT CO-
cTaB, Oea 3abenexxanu BKynHo 3,03 una.3amka’, on kou 3,42 nHna.3amka™! Bo pypaiHuort, 2,54 uHia.3amMka’! Bo
cyOypbanuor u 3,13 unn.3amka’ Bo ypbanuor sokanureT. Co cBojaTa JOMHUHAHTHOCT 110 JIOJDKUHA HA TPajiu-
€HTOT ce u3BojyBaa ponosure Calathus, Harpalus u Amara, xaxo u sunosure Calathus melanocephalus, Ca-
lathus cinctus, Harpalus serripes n Amara aenea.

Bea 3abenexanu pa3ivky BO CTPYKTYPHHUTE OJUIMKH HA TPKAYHUTE IIOMETY JJOKAJIUTETHTE, KAaKO Pe3ylITaT
Ha Pa3INYHHUTE eKOJOMIKH YCJIOBH 110 IOJDKHHATA HA TPAJUCHTOT.
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Tab. 4. Dominance of species Calathus cinctus in three different localities, during the investigated period
Tao.4. IlpoueHtyanHo yuecTBo Ha BUIOT Calathus cinctus BO TpUTE Pa3IHMUYHH JIOKATUTETH, BO TEKOT Ha
HUCTPaXKyBaHHOT MEPUOLT

Mecell Calathus cinctus
R S U

JOMHHAHTHOCT JOMHHAHTHOCT AOMHHAHTHOCT
07.2004 0.00 1.24 R 3.04 R
08. 2004 0.00 0.00 0.46 SR
09. 2004 0.00 2.85 R 3.04 R
10. 2004 39.83 D 33.79 D 3343 D
11. 2004 23.24 D 39.60 D 22.80 D
12. 2004 17.84 D 11.14 D 18.24 D
02. 2005 14.94 D 0.00 11.55 D
03. 2005 4.15 R 10.64 D 4.56 R
04. 2005 0.00 0.00 243 R
05.2005 0.00 0.74 SR 0.00
06. 2005 0.00 0.00 0.00
07.2005 0.00 0.00 0.46 SR

Tab. 5. Dominance of species Calathus melanocephalus in three different localities, during the investigated period
Tao.5. IlpoueHrtyanno yuectBo Ha BuIoT Calathus melanocephalus BO TpUTe pa3IMyYHM JIOKATUTETH, BO TCKOT Ha
UCTPaXKyBaHHOT MEPUOLT

Mecell Calathus cinctus
R S U

JOMHHAHTHOCT JOMHMHAHTHOCT AOMHHAHTHOCT
07.2004 0.00 16.22 D 4.68 R
08. 2004 0.00 0.00 0.00
09. 2004 3.30 R 3.62 R 7.75 SD
10. 2004 54.85 D 36.69 D 63.60 D
11. 2004 32.99 D 35.59 D 5.95 SD
12.2004 8.87 SD 7.87 SD 18.02 D
02.2005 0.00 0.00 0.00
03.2005 0.00 0.00 0.00
04. 2005 0.00 0.00 0.00
05.2005 0.00 0.00 0.00
06. 2005 0.00 0.00 0.00
07.2005 0.00 0.00 0.00

Tab. 6. Dominance of species Amara aenea in three different localities, during the investigated period
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Tab6. 6. I[IponeHTyanHO yuecTBO Ha BUAOT Amara aenea BO TPUTE PA3IUYHHU JIOKAJIUTETH, BO TEKOT Ha UCTPAXKyBaHUOT

EpUoz
Mecell Calathus cinctus
R S U

JOMHHAHTHOCT JOMHUHAHTHOCT JOMHHAHTHOCT
07.2004 8.10 SD 37.11 D 13.05 D
08. 2004 4.21 R 6.19 SD 5.36 SD
09. 2004 0.00 0.00 0.70 SR
10. 2004 2.59 R 3.09 R 1.40 R
11.2004 0.49 SR 3.09 R 3.73 R
12. 2004 0.00 0.00 0.00
02. 2005 0.00 0.00 0.00
03. 2005 4.86 R 26.80 D 3.73 R
04. 2005 22.69 D 10.31 D 24.01 D
05. 2005 16.69 D 0.00 16.32 D
06. 2005 19.94 D 3.09 R 7.69 SD
07.2005 20.42 D 10.31 D 24.01 D

Tab.7. Dominance of species Harpalus serripes in three different localities, during the investigated period
Tao6.7. IlpoueHTyanaHO yuecTBO Ha BUIOT Harpalus serripes BO TpUTE pa3IMYHU JIOKATUTETH, BO TCKOT Ha
UCTPaKyBaHUOT MEPUOLT

Mecel Calathus cinctus
R S U

AOMHHAHTHOCT JOMHMHAHTHOCT AOMHHAHTHOCT
07.2004 81.25 D 36.39576 D 23.747681 D
08. 2004 0 19.434629 D 12.059369 D
09. 2004 0 1.7667845 R 0.5565863 SR
10. 2004 0 0 0.9276438 SR
11. 2004 0 0 0
12.2004 0 0 0
02. 2005 0 0 0
03.2005 0 0 0
04. 2005 0 0 1.2059369 R
05.2005 0 0 4.6382189 R
06. 2005 18.75 D 7.0671378 SD 12.059369 D
07.2005 0 35.335689 D 44.805195 D
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