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The body size structure of carabid communities reacts rather sensitively
on anthropogenous pressure. Five stages of body size distribution can be
distinguished in the course of anthropogenous degradation of a community.
The atributes of these stages are defined and commented, A prerequisition
for more reliable interpretation of body size structure for bioindicative
purposes is the precise typization of the communities and paralel analysis
of all groups of the same trophical level.

Body size represents one of the properties of an organism determining its
ability to live in certain type of environment, its energetical bilance, pre-
disposition for searching for a suitable cover and for passive or active migra-
tion. Besides, there exists a relation between body size of a predator and
its prey [e. g. Sharova, 1881). Body size decises about the distribution of
ecological niches (Hutchinson, 1959) and regulates competitive relations
of the species. Due to it, body size is characteristic for the species of different
life strategies (r-, K-continuum, Pianka 1981; C-, S-, R-continuum, Grimme
1979; violents, explerents and pacients, Ramenskij, 1938). For the above
mentioned reasons, the body size structure has great value for statical charac-
teristics of communities and is in the focus of attention of many authors
(e. g. Levinton, 1982; Simberloff, Boecklen, 1981; Gospodar,
1981; Gruschwitz, 1983; Walter, Norton, 1984; Anderbjorn, 1985;
Brandl, Topp, 1985; Den Boer, 1977). The above facts make it possible
to expect deep changes of body size structure under the pressure of several
anthropogenous factors and to use it for bioindicative purposes (Sustek,
1983; 1984a, b). The aim of the present paper is to describe changes in body
size structure ol carabid communities along an idealized gradient of urbanisar
ion pressure in Bratislava and Brno and, on this basis, to typify tentatively
body size structure of carabids in individual stages of community degradation.
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Matarial and methods

The beetles were collected by pitfall traps with the 6 % formol as a killimg and
conservation solution. The glass jars of the diameter of 95 mm were used as traps.
Number ol the traps in each sampling slte Iuctuated in dependence on the area of
individual sites. In the centre of city, traps number was determined by possibilities
to hide the traps from the public, One or two traps were in the majorily of sites in the
town centre. Usually five traps were In large parks. Traps number lu e reference
lncalliles was determined by the aim for which each locality was primarily studied.
Fhe low number of traps in the city centre was compensed by sampling doring two
ar more vegetaton periods.

Body size structyre |s expresed by the method proposed by Sustek [1943] and
modilied later [Sustek, 1984a). By its help a polymodal cumulative curve s obtained.
The distribution curve is calculated separataly for binary and quantitative data. So
the curves of body size distribution of species and individuals arise. When they are
expressed (n the percentage of species or lndividuals totals, their overlap can e
measured iy a suilable similarity function [propertional similarity ln our case| 5o
the degree of disproportion belween species bedy size distribution {as an offer for
the selection) and betwaen (ndividuals body size distribution [as a result of common
effect of anthropogenous, competitive and olher factors]) can be measured. The detalls
af the alghorithm are described by Sustek (1984a, b). The data aboul body size
of eacl species are taken [romi the literature The above method 15 considered to be
mare objective than the methods based on arbitraly established body size classes
(e g Gruschwitz 1983 Gospodar, 19681],

Sampling sites and thelr short characteristics

The beetles were sampled on 39 localities in both citles. The localities rapresent
all types of ecosystems occurring in both cities and approximately all degrees of their
anthropogenous desiruclion. Besides 9 sampling siles In free landscape were choosen
as relerence localitles. The detalled historical and ecological characteristics are
presented by Sustek [1984a). The localities are arranged approximately according
o the degree of their antropogenous influencing. The localities in Bratislava are
m the guarter G878 of the conding system of Data hasls af fauna of Slovakia

Heference localllies; Nesyt — phargmitetum around the pound Nesyt [Obrtel,
072, Ledulee — natural, regurally inundated ulm-ash forest, Pavlovské kopce —
relativiely natural beech-oak [FQ] and lime-maple [TAc) forests, Boleradice — relat|-
vely natural buech nak [orest, Bab — tobacco field, Pezinok — maize field, Zemberov-
v vineyard, Served — small patches of Salsola call on the dump of rests after
eactrnlviicdl leaching ol niclkel,

River slde jocalities in the city interior [within administrative border of the city):

sobisice — modevately mfluenced phragmitetum around two small pounds i Brioo-
sohefice. Rijetek — moderately Influenced rest of river slde forests in aluvium
ol svitava o Hron-Uerpovice, Vydrica sanatorium — relatively natural aluvium jn

the recreallun zong of Bratislava in the vicinity of State Sanatorium In Bratislava-Ze.
lezona studnltka, Vydriea ZO0O, Vydrlea pub U Slovaka”, Vydrica — botanical garden —
three points on the banks of Vydrica creek [n Bratislava-Mlynska dolina, all mode-
rately — slrongly influenced, their species spectra are (nfluenced iy the imigration
of species from the surrounding rests ol Tarests, Horsky park creek — wel area
around tha spring ol a creek under the northern slope of Horsky park In Bratslava,
Petrzalka poplar [arest artificlal poplar monoculture eastern [rom the old bridge
on Danule rjverside, Vrakua dead arm — strongly influenced bank: of rest of
original meander of Maly Duna). east of Bratislava, LuZdnky and Sad | Krita —
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arrificial english parks founded 1782—1%85 in the aluvium of Pondvka (Brno] and
nn the island between Danube arms, both intensively cultivated and freguented.

Forest localities in the eity interior: Zeleznd studnifka — relatively natural beech-
-horn beech forest in the recreation zone of Bratislava, Sitina, Kalvaria, Horsk§ park
peak and Horsky park northern slope — forests arised spontaneously during second
half of 19. centure from small groups of trees and bushes between old vineyard,
fields and pastures west! of Bratislava, now isolated as greenery island in the new
parts of Bratislava, all preserve relatively natural character, Hakenova and Certova
rokla — stands of trees and bushes (n two erosive craks in original fields turned
later in military excercising ground, now changed into parks in the housing estate
Brno Lesna, Spilberk southern and northern siopes — park founded 1862 in deforested
surroundings of old citadela, today physiognomically rather similar to a forest, inten-
sively cultivated and freguented.

Localities ciose io cultural steppe in the cify interlor: LiSeniskd — old apricol
orchard on the margin of Brno, Bienkova — garden in the residencial gquarter Brno
Cernd pole, arised 1927, recultivated 1963—1965, Bajkalskd — ruderal site in the mew
housing estate in eastern part of Bratislava, Hrad — bushes on the ruinas of former
guarier Bratislavske Podhradie near Beblavého street, Kravi Hora — week grass belt
zlong a way in the Schrebergarten colony in Brno; Americké ndm, Ném. 4. aprla,
wollarovo ném., Prior small and big [lowerbed, Medickd zdhrada, Notre Dam, Nam.
SNP, Safirikovo ndm., Uriulinska — all are small patches of grass, sparse trees and
bushes on the squares and streets [n the centre of Bratlsiava, all strongly aifected
by public, domestic animals, traific and industrial imissions, majority of them arised
during first two decenla of 20. centure, all Intensively cultivated and [requcnted,
Nam. 28 Fijna — artificial park in Brno arised 1907, today of simlilar charvacter as
above parks in Bratislava.

Results

In the lowlands [vak to vak beech vegetation tier) of Central Eurcpe, the
body slze of majority of Carabidee concentrates in the left third of its potential
distribution scale ([fig. 1). Relatively undistinct local maxima of the distri-
bution are in the vicinity of body length of 3; 6—8; 15 and of 20 mm, The modus
of the distribution is within the limits nf 6—8 mm. With regard to ehe linear
scale used in the diagram, the distribution correspond to the log-normal distribu-
tion of body size in majority of animals, as established by M a v [1978). Because
of relatively small number of species in each community, because of long-nor-
mal character of body size distribution and linear scale of abscisa, more
distinctly separated peaks courrgsponding with the above local maxima vccure in
distribution curves of body size In each concrete community.

= Fig. 1. Body size distribution of all
carabids in Central Europe [C;] and in

the pak — bpak-beech vegetation tiers in
Central Europe (Co). abscissa = body size
i scale, ordinate = percentage ol species
e number in each interval ol hody size].
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In the natural communities of forests and river side [ovrmations [lg. 2 and 3),
the pady size distribotion of Carcbidae takes s whaols potential extent,
J-—24 mm In river side communities and 3—40 mm in the forest commurities.
All distrfhutional curves wre distincily polymodal, the large sized species
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Fig- 2. Rody size distribullon of species [solld line] and |jndividuals [ pointed] In
the atuvial communities af Corchidae [abscisa = body size scale {0 mm, ordinale —
percentage of species or individuals o each lnterval of lody size, the arabic digits
under the neme ol ‘the localily means the type of distribution to which a curve
belonges, 1 = natural communities, 2 = moderately intluenced communities, 2 = in.
lermediately influenced communities, 4 = strongly damaged communities], 5 = the
most dameged or chronically pronier communities,
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3 ves of species and individuals body size distribution
ip 55—70 %, fig. 7). This pattern is preserved in the
Mlynska dolina, Zelezna studniéka, Sitina. In Mlynska doli-
the imigration of large sized species (Carabus coriaceus and
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Fig. 3. Body size distribution of species and individuals in aluvial (Vrakuiia — Sad
J. Krala) and forest communities (Pavlovské kopce — Sitina). (Symbols as in fig. 2.)
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“mwéms nemoralis from surrounding). In the community from Boleradice,
sursk§ park and Kalvdria the distributional curves are brooken in local minima.
+ = pertly due to low troficity of these siliciferous ecosystems and due to
—==siting low abundance and in the communities from the interior of Bra-

w=l=w= zlso due to increasing anthropogenous preasure.
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Fig. 5. Body size distribution of species and individuals in carabid communities of

cultural steppe. [Symbols as in fig. 2.]
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In the communities exhibiting higher degree of influencing [Réjefek, LuZdn-
ky. Sad |. Krdla, Hakenova, Certova rokla — fig. 3 and 4] the distribufional
curves do not take their potential extent, the individuals concentrale strikingly
in an only peak, the overlap of both distribution curves sinks on 39—50 %.

The same pattern is typical for all reference communities from the
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z5. Pezinok and Zemberovce), (fig. 5). It can be observed alsp in the
-z community from beech-oak forest from Pavlovské kopce [fig. 3).
influenced communities are characterized by the curves brooken in
ma between lower octaves [Vrakuia wheat field, Americké nam.,
rila. Prior big flower bed, fig. 5). In this phasis, a peak appears ex-
~zlly in the interval 30—40 mm. It is caused by the occurrence of Carabus
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Fig. 7. Overlap [in %] of distributional curves of the body size of species and indivi-

duals [NES — Nesyt, LED — Lednice, SOB — Sob&sice, RA] — Réjetek, LUZ — Luzan-
ky, VS — Vydrica, sanatorium, VZ — Vydrica Z00, VSL — Vydrica, U Slovdka, VBG —
Vydrica, botanical garden, HPC — Horsky park, creek, VRD — Vrakufia, dead arm,
SJK — Sad ]. Krala, PEF — Petrzalka, poplar forest, PKL — Pavlovské kopce, lime
maple forest, PKO — Pavlovské kopce, oak-beech forest, BOL — Boleradice, 7S —
7elezna studnicka, ST — Sitina, HPS — Horsky park, summit, HPN — Horsky park,
northern slope, KAL — Kalvaria, VR — Vrakuna, forest, CR — Certova rokla, HK —
Hakenova, SPN — Spilberk, northern slope, $PS — Spilberk, southern slope, PEZ —
Pezinok, BAB — Bé&b, ZMB — Zemberovce, VRR — Vrakuiia, ruderal site, VRF — Vra-
kuiia, field, LI — TLiSefiskd, BA — Bajkalska, BR — Brenkova, KH — Kravi hora,
AN — Americké nam., MZ — Medicka zdhrada, PB — Prior, big flower bed, PS — Prior,
small flower bed, KO — Kolldrovo nam., SNP — nam. SNP. ,4" — nam. 4. aprila,
URS — Ursulinska, SAF — 3Safarikovo nam., ND — churche Notre Dam, in Bratislava,
,28" — nam. 28. Fijna, SER — Sered. [Other symbols as in fig. 2.)
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intricatus, which seems to be well adapted 1o the life in suburban areas of
central European clities [Praha, Brno, Bratislava .

The communities [rom small greenery areds in the town cenlre have very
catlracted distributlonal curves. The curves are brooken even in each local
minimum and the overlap of species and iIndividuals distributional curves
increases secondarly on even 90--100 %, This ls a manifestation of high
pquitabilily in such communities |Kravi hora), This pattérn is exhiblted (n the
communities [rom Notre Dam, Ursulinska, Kravl hora and in reference com-
munity from Sered (fig. 6). In the most destroyd communities are present
anly two separated peaks, There are continuous intergradation belween types
uf body size distributlon during antropogennus degreadation of communities.

The sequence of the chaoges In hody size structure from patural communities
untill the chronlcally pionier ones indicates simplification ol trophical relations
in a community, limltation ol the competition and the highly occastonal cha-
racter of the completly destroyed communities. On the basis of historical
data, the communities in the process of degradation and regenerations exhihit
vary similar patterns of body slze distribution In certain stages of buth pro-
cesses. Consequently, it is possible (o postulate that the degradation and

regeneratlon of & community are in their idealized lorm symetrical each
tu other,

Discusslon and concluslons

The body size structure exhiblts in the urbanisation pressure gradient striking
changes, which can be used for the bioindicatlon. In carablds. it seems that
live typical patterns of hody slze distribution can be defined in the cour-
se of degradation of a community which represent idealized points in a conli-
nuum between nalural and fully damaged communities, First pattarn is typical
for natural or complelly regenerated communities in suitable production
conditions. It has mostly continuows, polymodal distelbulional curves oucups-
ting the whole potenilal body size scale, Both curves have high overlap, Se-
cond patiern is typlcal for moderately influenced communitles or for natural
communiiies In bad production condltions. 1% is charactarized by broken distri-
butional curves before the highest octave. Third pattern s characteristic for
intermediately influenced communities, the distribution curves do not take the
whole potentlal body size scale, Individuals concenirate into the only peak,
the overlap ol the curve of spacies and [ndividuals is low. The [ourth pattern
is characteristic by contracted, frequently brooken distributional curves and
secondarly by the high overlap aof species and individuals curve. 1t oceures [n the
strong damaged communities. Finaly, the fifth pattern is typical by distwribution
curves consisting of one or two sepavated peaks. It occurrs o the most damaged
or chronically pionier communities,

Small body size seems to be lavorizing the carabids (n unfavourable condi-
tions and suitable for passive migration. However, there is o syvnerglsms of
nearly obligate abillty of small carabids to fly. Contrary, the large sized
species are mostly apterous and they mode of life [walking eplgeohionts,
Sharowva, 1081) exposes them to several dangerous factors, So, the sitpation
is inverse as in small mammals (ci. Angerb]orn, 1985). The presence
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:===nce of a peak in distributional curves of carabids is determined also
=+ -ompetitive pressure of other predaceous groups, especially Staphylinids
- so:ders in small carabids and Soricidae in large sized Carabus spp. It
> ~= ubserved especially in Staphylinids, which compense the ahsence of a
sz« (2 distribution curves of Carabids (Sustek, 1984a). Presentation of
-~ examples, however, exceeds the extent of this paper. So, taking in count
= _ zroups on the same trophical level in analyses of body size structure can
--=vent difficulties in the interpretation of the result [e. g. vnly une genus —
Z-andl, Topp, 1985). It is evident, that unfavourable life cunditivns [luw
zrophicity and primar production etc.) can have similar elfects on body size
cistribution as anthropogenous factors. Due to it, a precise typilication of the
cuommunities is desirable for more reliable interpretations of body size structure
[and of other community characteristics) in the bioindication.
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ZMENY VO VELKOSTNE] STRUKTURE BYSTRUSKOVITYCH [COLEOPTERA,
CARABIDAE] V GRADIENTE URBANIZACNEHO TLAKU

ZbhySek Sustek

Velkostng Struktira spolofenstiev hystruSkovitgch reaguje velmi citlivo na zmeny
v intenzite antropogénneho tlaku. V priebebu antropogénne] degradicie spolofensiva
mo¥no rozozmaf pHEt Stddii zmien vo wvelkostnej Struktire. Viastnostl tfchte piatich
&tddil sa v prdci podrobne definuji a komentujd. Konsdtatuje sa potreba presnej ty-
pizdcie spolofenstiev v roznych podmienkach ako zdkladny predpoklad na spolahlivi
interpreticiu velkostnej Struktiry na bioindikacné dcely. Daliim predpokladom je aj
sifasné sledovanie velkostne] Struktiry ostatnfch skupin Zivodichov, ktoré stoja na
tej istej potravovej troviai.

Doslo 16, 12, 1985

WAMEHEHHA B CTPY¥KTYPE AHYHENHI IO PAIMEPAM TENA
{COLEQPTERA, CARABIDAE) B TPAIMEHTE YPBAHH3AUMOHHOTO HARHUMA

3fpmes W ycTen

Cipyerypa coofmecTs wy:®ESAMo 0 PAIMEPaM TeRa pPear#pveT O4EH: 9YBCTBHTEXRHO HA
HIMEHEHHA B HETEHCMBHOCTH aNTPONOTEHEOre HamWMi. B TedeEme asTponoressHol Zerpaiaiiys
COOGMECTREA MOEHO OTEMYETE NETh CTRANN MAMEHEHMWH CTPYHIVps! no pasmepam vema. Ceodictea
2TUX NETH CTAAME B HACTORIIEN CTaThE WONPOGHO OMpElcteHs: MW KoMMeHTHpoEaunl HKorcTara-
PYETCR  MOTPefHOCTS TOMHOH THNEIAUMH CODOIECTE B PASHLIX YOROBUAX Hak OCHOBHAE npes-
OOCEAKA IAA HAISRHOH HHTEDTIDETATHA CTPYETYPH! N0 PASMEpaEM TeIid I8 GHONHIMEALHOHELIX
meneit. Jansxeidmed DPeINGCLAROH HBIABTCE TAKME CORDEMEHHOE MOCASI0BANUE KOMWHECTISHHONR
CTPVETYPEL OCTaJLHEIX TRYON EUBOTHHX, KOTOPHE HAXONATCA Ha TOM e YPOBHE [IHTAHEA,
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