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The dmpact of pollution: by nicke! leaching rest was studied along an 8.5 km
fong transsetion in the arable lamd sround an extensive dump of nickel leach-
ing rest  The fall of nickel leaching rest had oo influence on the comulative
abundanee anl Homass of Lie taxoccenoses of the three families, It caused
howsver, & visibile decline in species number and serong structural changes in
the taxmcoenoses im L ares of the fall intensity exceeding 800 ¢ kmi—? year—1
and provoked striking changes in sex ratio of individual carabid species al-
reardy 1 the area of fall intensity execeding 300 ¢ km~?year—!

ey words: pollution, nickel leaching rest, nicksl smalting plane, Carabidas,
Bilphidae. Slaplivlinidas, Sered. Slovakia

Introduction

The impact of industrial pollution and wastes
on wildlife provokes a wide range of problems.
Many papers exist dealing with the effect of var-
jous industrial imissions on carabid communities
E. g FrREITAG and HasTINGS [1971), FREITAG
{1979), Hastives and Faeitac (16725, HasT-
nGs ot al. (1972 studied impact of Imissions
of NagS0y from kralt mills; Przyeyrsx: (1974,
1978, Dunces (1972), Toamsod and Duscen
(1873) studied efect of lowing missions contains
ing calcium; Prszrar (1970a-[). STUBAE and Ti-
ET?E (1980, 1982), STENMETZGER and TiETZE
(1880) studied impact of imssions of 50w, Cara-
bid communities in different crops i arable land in
industrial regions were investigatad by [$ anacyi-
WASYLIR [1980) and CROY [1987) LIABROWERA-
ProT (1982) generally charncterized wome strae-
tural changes in animal comammithes o industirial

regions In Poland while KHOT'KO et &l [1952)
dealt with them i Belorussia.

However, the impact of pollution by nickel
leaching rest emitted primarily from the nickel
smelting plant and, secondarily, blown away by
wind in large amounts [rom an extensive dump
sitnated in vicinity of the nickel smelting plant
near Sered in South Slovakia on wildlife in the
iy surroundings representy an unique problem
studied so far ooly by a few authors (PavteEcon
{ed.), 1083; DAROLOVA et al.. 1089; REICHERTOVA
ek al., 1989). SusTEK et al. (1987) presented a
brief synthesis of [sonietimes misinterpreted) ob-
servattons an the infuence of the [all on nicksl
leaching tost on taxccoenosss of several inverte-
brate groups. The aim of the present paper is to
give a more detailed description of the changes ob-
served in the taxocenoses of Carabidae, Silphidae
and Staphylinidae in the polluted area
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Table L. Chemical composition of the mckel leaching
rest in 5 [after AEICHERTOVA ot al.. 1089

Feaily #4410 Al Dy S0
Fel) 1124 MgO LaT
NiD 0.36 FaOn 0.10
Oralz .68 Valls .02
Call i35 Tit 012
5103 .10 5 0,08
Caly 1.0 Cuoand Ph <07

Material and methods

An B8 km long line of pitfall traps crossed the area of
the fall gradient ranging from 250 to 800 t km=?vear=?
(Tab. 1) in the direction of the prevailing northwestern
winds (Fig 1) The length and direction of the traps
line was determined in a way which maule it possible
Lo they allow to dgeparate the proper impact of the fall
of nicko] lenching rest from the difforences in the taxo-

eoennset structiure reflecting \heir natural mosaic pat-
tern, the infuence of field crops, species competition
and other antliropogenic factors potentially influending
thamse Laxocoetioses i the studied area

Altegother 32 formalin-flled pitfall traps (9.5 cm
in dinmetoer ) wers placed squidistantly 250 m from sach
athor tn the main line Besides this, L1 traps were
pinged directly on the dump and in it immadiate vicin-
ity (Fig. 20 These traps were located to they allow
us to discover the mode of colonisation of the dump
by the representatives of all thres families. The traps
were exposed from early April to late Newvember 1082
amd controlled approdimastely once a menth

The cbrained material consists of 66,441 individ-
ials of carabids (B8 speciss |, staphylinids (84 species)
and zilphids [2 apecies)

Alphasdiversity was expressed by Shannon-Wie-
ner's index and 1o the extremely small samples also by
Brillouin’s index. Heta diversity was evaluated accord-
g to Worrreen (194811, Body size structure (be-
cause of lack of space presented omly in faur selected
samples| and changes of sex ratio were evaluated by
the methods proposed by 3sTER (1984a,l, 1986),

Fig. 1. Loecation of the irnps
in surroundings of the dump
of nickel lesching rest near
Sered. (1 - built up areas,

T10

1 — nickel smelting plant, 3 -
dumip of nickel leaching rest,
4 = forests, § — waler fow,
6 — roads, ¥ — pailways, 8
field roads, & — location and
numbering of traps, 10 — lso-
lines of the fall intensity in t
ki~ *year—1}

Specification of individual sampling sites

The sampling sitcs were situated in a typi-
cal Intensively nsed homogeneous agricultural low-
land landscape in the surroundings of the town of
Sered in South Slovakia. This territory 18 char-
acterized by the average tempersture of 20°C in
July and —2°C in Jamuary and with the average
annual precipitation amounting 550 mm. The soils
were represented by chemitzas to chemozems an
waterlogged [oess.

A - traps in free landscape (Fig. 1 aud 8)
1-3: homogeneous wheat field, trap § situated ca.
30 m [rom a small locust-iree copice; K locusti-tree
copice with Sambucus nmigra and Ligostrum vul-
gare in shrub stratum and dense growth of (ealivm
sp. in spring, in summer dry, soil surface covered

s

SMELTING
PLANT

Fig: 7. location of the Traps
in the close vicinity of the
dump and in its interior (€1
and 22 — traps on the western
slope of the dump, VI-Va3 -
trape ou the eastern slope of
the dump, $1-36 traps in the
dumyp interior, 13-16 trap
the main line of the transect,
PC — plant cover, HS — area
of eccirrence of hygrophilous
carabids in vicmity of water
groove, IF - individual find-
ingy of water or Tipicolous n-
sects on the dump).

by & thick stratum of dry leaves; 4: a grassy strip
ca. 5 m wide between a maize field and field road,
individual ghrubs and trees in vicinity; 5-0; fugar
best culture, the trap 5 destroved, the material
not evaluated; T-8 mixiure of catl and lucerne; 9-
L homogenecus culture of wheat; 11-12: grain
inaize field, the trap 12 destroyed, material not
evaluated, 13 margin of grain maize field, ot a
dense group of Syringa vulgaris; %1: grain maize
field, ca. 100 m from dump margin; Z2: slopes
of railway embankment; 14 grassy strip on mar-
gn of very weedy maizge field, ca. 25 m fram the
dumnp, a strong cover of nickel leaching rest on the
soil surface; 15-17: weedy maize field, 18-10 maize
field, 20: private garden with fruit trees, vine and
Frec-range poultry: 21-22:° barley field, a private
parden closs Lo the trap 21, and a large dung-hill
close to the trap 22; 23-26: homogeneous 2 m high
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large steed species ~ Carabus granolatus, Calesoma auropunctatom, Carzbue scheidlers, full

names ﬁ.‘ other species — Poecilus warginalis. Poecilus enpreus, Brachynus explodens, Amara saphyrea, Ammra
familiaris, Harpalis grisens, Deosifa canaliculata, Silpha carinata, Silphs obseurn, Dalichus halensis, Harpalis
tardus, Carabis scheidlerl, Calathus fuscipes, Agonuni dorsale, Harpalus rufipes, Amars apricaria, Amara con-

sulars, Trechus quadristriatus, Harpalus distinguendits,

ears, Omalium rivilare, Conossma piibescens, Zabrus

Ptorostichus vulgariz (= melasnaris), Xantholinus lin
tenehrinides, Brachynues crepitans, Microlestes maurgs,

F’Hh;‘r_fn J‘_-hm"-u‘fﬁ. Prerostichus macer; Carathus errabus, numbers and Jetters in parantlieses aftor some speciss
name indicates the fraps of occurrence of less frequent apecies)

culture of grain maze, trap 26 destroved, not eval-
uated, 27 wheat field neighbouring one with gram
maize; 28-31: homogeneous grain maize field, the
trap destroyed, not evaluated: 32: grassy strip b
tween grain malze field and field road

B — traps on the dump (Fig. 2)

V1. & grassy strip under pipes distribiting nickel
leaching test, V2 a poor vegetation patches om
a surface covered by a 20-30 cm thick stratum
of mickel leaching rest: V3: sastern slope of the
dump, ca; 20 m above the surrounding terrain,
without any vegetation; S1 terrace in Lhe dunp
interior, 15 m above the terrain, sparse cover of
Salsola cali; 52/ a grassy tongue at the dump font,
nickel leaching rest strongly mixed with loam; $3,
small terrace at the dump foot, 1 m above the tar-
rain, cover of Salsola cali and Carex sp., o the
distance of ca. 6 m a water groove; 54. little ter-
race of nickel leaching resi with admixed loam,
densely covered with grass and sparse dewberry
shrubs; 55 top plateau of the dump, in spring
with sparse gorminating plants, in summer with-
oll vegetation; 56: easterly oriented slope above
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a waler groove, 200 m above terrain, without vege- -

Eatiom.

Structure of taxocoenoses of Carabidaa, Sil-
phidae and Staphylinidae along the trans- .

section

B species of Carabidae, two species of Sil-
phidar and 87 species of Staphyvlinidae occurmed
in the studied area. On average 47 species were
found in each trap along the whole trap line. The
samples from the locust-tres copice and from its
vicinity and from the gardens at the west mas-
gin of Sered were the richest in specics, whereas
the samples from the closest vicinity of the dump,
in the zone of the fall intensity exceeding &S00 1
km*year™! were a little poorer than those from
the wider surrounding {Fig. 4).

The relative ahundance of individual epacies
represented by more Lthan 1.53% of individuals in
a sample is given in Fig. 3 (ihe limit of 1.5%
was established arbitrarily according to the pos-
sibilities of grophical representation), The species
spectrum as such changed along the transsection
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Fig. 4. Cumulative abundance
of Carabidee, Silphidae and
Staphylinidae {logygIND, spe-
cies number (5P) and diver-
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negligibly, &s expressed by the low value of beta-
diversity ol 0.0049. There were however sirking
differences in the guantitative representation of
the deminant species.

The samples from the traps 1-5 were charac-
tarized by a high relative abundance of Harpalus
rufipes (en. 30% ), Brachynus explodens | 20-30%),
Agonum dorsale {ca, 5%) and Drusila canaliculata
(10%). The phytophagous species Zabrus tenebri-
onides reached a higher relative abundance in this
part of the iraussection u the wheat field. In the
vicinity of the lacusi-tree copice, the fisld commu-
nity was enriched by Carnhus scheidleri, Calosoma
aurcpunciata and by the carrion bestle Silpha ca-
rinata,

In the next part of the trap line (traps 6-10),
the community was simpler. Brachynus explodens
was replaced nearly completely by the similarly
sized species Agonurmn dorsale. A great part of the
sealogical niche was ccoupisd by the carrion beetle
Silpha carinata, especially in the trap 10, Druasila

T (H'a — dashed columns) in in-
dividual traps (T) along the
pallution gradient

canaliculata maintained the same level of domi-
nance as in the traps 1-5.

In the central part of the traps line (traps
11-18), in the zone of the fall intensity excesd-
ing 800 t km~"year™! the relative abundance
of Harpalus rufipes regularly exceeded 70% and,
in the closest vicinity of the dump (trap 14}, it
even reached 80%. At the same time, its biomass
here amounted to 7% of the whele catch. Rep-
reseniation of other species decreased there sud-
denly, except for the staphylinid Drusila canalie-
wlata (Fig. 3), The species Harpalus rufipes and
Dirusiln canaliculata also exhibit an extremely high
Lolerance to industrial imissions and other anthro-
pogenic factors in many other cases (STEINMET-
ZGER, TIETZE, 1980; HAcvAR, 1980; KABACYE-
WasvLik, 1980, SusTEr 1084).

In the southern part of the trap line (traps
21-32), the community was more uniform than
in the porthern part. It consisted mostly of
Harpalus rufipes reaching the relative abundance

T13
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Fig: 5. Cumulative abundance [fogiplXli}, species
nugnber (9P} and diversity according to Shanpon
Wiener (H') and Brillovin (H) of Carabidas, Silphis
dae and Staplivlinides in individual traps (T} on the
dump o places with vegetation cover (Y] and with-
oyt vegetatlon cover (WVC) and comparison of their
values with the average values from the northern (N)
and southern (5] part of the main trap lne (for the
traps position sse Fig. 2}

of 60 to 60% and of less abundant species Calathus
fiuscipes, Dalichus halensis, Harpalus grisens and
Drusila capaliculata and locally also of Pleros-
tivhus inelanarius. The community strocture was
very similar to the cammunities in maige fields in
other places in South Slovakin (STEPANOVICOVA.
BeLAwovh, 1960; BeLAxova, 1960; SUSTER, un-
published ). The autiomn breeding species predom-
inated there The large species Carabus sclisidleri
and Calosoma auropunctatum, ocourmng sporad-
feally in the northern part of the trap line, were
ahsent here because of lack of suitable refugia in
the extensive monotone ficlds arcond this part of
the traps line.

The traps 20 and 21 placed in private gardens
on the margin of the village Dolua Streda ropre-
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seated o specific part of the trap line. o contrast
tor ather parts, the specles Amara consularis, A.
apricari, Calathns erratis and Faiagria thoracica
reached there a distinctly higher relative abun-
dunce and the mutual proportion of all species was
more agual, whereas the cumulative abundance of
ropresentatives of all three families was distinctly
lower than in vther parts of the trap line. The
eontonal character of communities resulied from
sparse cover of fruit tress.

Except for a slight decrease of the species
numiler and the enormously high relative abun-
danee of Harpalus rifipes in the central part of
the trap line, in the close vicinity of the dump,
the above differences in community composition
veflected the mdividual species’ response to the
different miceoclimatic conditions 1n varions fiell
crops, the coincidence of the repreduction evele
with the pressnee of & crop on field and the mu-
tual competitive relationships of individual specias
and the spatial diversity of vegetation structure

Structure of the studied taxocoenoses on
the dump

The species spectra on the dump were in gen-
eral poorer but rather simdlar to those in its closs
vicinity, The carabid Harpalus rufipes occurred
there regularly and. in the places covered with
aparse vegetation, even reached the relative abun-
dance of 40-680%. Tn additian a relatively wide
seale of species penstrated here from the close
vicimty, However they occurred here only indi-
vidually and irregularly,

A specific ecological groujp of species was rep-
resented by the hyprophilous carabids Bambidion
velox, B artieulatem and B, bignttatum found in
the traps on the dump’s surface and the species
Carabus granulatus and Oodes helopoides oconr-
ring m the grassy patches ot the water ditch mear-
gin. These species were also accompanied by some
Dytiscidae, Haliplidae and ripicolous Heteroptera.

Changes of cumulative abundance and bio-
muags of studied taxocoenoses along the
transsection

On average 1,534 individuoals of all three fum-
ilies were caught per oue trap in the northern part
of the trap line with the predominant cercal fields
(traps 1-10) The aumber of ndividuals found in
the wheat culture was Jess than this value, while
the matches from the barder of the oat and lucerns
fields wore richer (Fig, 4). In the central and
sonthorn part, passmg mostly throngh masze fields

(trapa 11-32), the catches' size in individual traps
was higher even in the traps situated in the imme-
diate vicinity of the dump (fraps 14 and 153), In
the southern part, in very high maize stands (ca. 2
m), the catch size reached even 2,791 individuals.

Very large differences were found in the dry
weight of the whole cateh from individual traps, In
the wheat colture the average weight amounted 30
g pre trap and year, in the central part of trans
section 78 g per trap and vear, and 133 g in the
traps put in the high maire growth,

The deseribed trends in cumulative abun-
dance and biomass were caused mostly by the mi-
eroclimate in individual erops and by coincidence
of the crop's presence in a field with the repro-
ductive evele of individual species. The coltures
of winter wheat favoured the spring breading,
mostly small sized species like Poecilus cupreus,
Agonum dorsale and Brachvous explodens, while
the cultures of maize or sugar beet favoured the
autumn breeding species, especially the medium
sized Harpalus rufipes.

The results indicate that the influsnce of the
fall of nickel leaching rest had no mfluence on the
catch size in terms of cumulative abundance ar
himmass of the studied taxocoenoses in Lhe sur-
rounding fields even in the immediate vicinity of
the dump and that the cbserved differences were
of a different nature.

In contrast to this, immediately at the bor-
der of the dump the cumulative abondance and
hiomass sank rather suddenly. Only 100-200 in-
dividuale {Fig, &) were found in the places with
sparse vegetation al the foot of the dump, Thai
12 10-20 tunes less than in the duonp sarround-
ings. Omly 50 Individuals were found i the places
without vegetation, that is 20-40 times less than
in surroundings (Fig. 5). These values seem to
be independent of the traps position on the dump
(Fig. 2 and 5). This is. however. cansed by a
small surface of the dump in relation to the dis-
persal power of the field Carabids or Staphylinids.
The described changes are much more visible if
expressed in terms of biomass. In the center of
the dump the cumulative biomass of the catches
in-each traps sinks to 1/30 when compared with
the wheat field and even to 1,/100 when compared
with the maize fields in the southern part of the
trap line.

Changes of alpha-diversity of the studied
taxocoenoses along the fall gradient.

The differences in vegetation structure in the
dump surroandings and the [all intensity of Lhe

20—
4 —sp
Al — IND
h= \; , dump
N .
30 !
I i
s .E I: 1
10— " ' :
N A 'I, 4 I.
Fild o
o IJ1I| "I '-jl Illl"ll = --|I vU‘k.—\. T
260 |
10— 5,:‘\ | &
3 jlﬁll IIIII |I :
a L .QMM e
= !"'I ;l. it coppiee
[ [} [
1 .-'" :ff I'|II-‘.! ‘:I L}

5 W B 20 25 3 35 mm

Fig. 6. Body gige structurs of Carabidae in four typical
parts af pollution gradient (coppiee, traps number 4,
14 and dump surfacs,

nickel leaching rest were reflected in the alpha di-
versity (Fig 4} of the studied taxocoenoses as fol-
lows. In the northern part of the trap line, the al-
plia diversity reached the values of 3-4 bits (traps
1-10), while in the sonthern part it fluctuated be-
tween: 2 and 3 bite (traps 23-32), In the traps 20
and 21 installed in private gardens, the alpha di-
versity was markedly higher than in the adjacent
traps. The alpha diversity in the central part of
the trap line, in the zone of fall intensity excecd-
ing 800 t km*year™’, sank to 1.5-1.8 bits (traps
11-14) and in the immediate vicinity of the dump
even to L0 bit (trap 14, Fig, 4),
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In individual traps en the dump the alpha-
diversity (H and H', Fig. 5} was, exceptl for one
cage, higher than the sverage aipha diversity in the
soubliern or northern part of the trap line. The rel-
atively high values of diversity on the domp were
caused by a high mumber of species penstrating
there in & $mall number of individuals from the
surronndings,

Body size structure of Carabid taxococno-
sis in the typical parts of the transsection.

The bodv sige structure seflects different
states of a community rather sensttively (SUSTER,
1983, 1987, 1992) Inregard to the large numbes
of sampling points, only four typical cases of cara-
bid communities were chosen, viz. those from The
locnst-tren copice and from the trap 4 in the more
natural northern part of the transsection and from
the trap 14 laying at a distance of 20 m from the
dump and 53 from the dump intenor,

The body size distribution of carabids in the
[orust-tree copice was polymodal, richly structur-
ized]l and took the whole potentinl extent, The
peaks of quantitative distribution corresponded
with the peaks of the qualitative distribution. In
the northern part of the trap line, in the wheat
culture, the coincidence of peaks of the qualita-
tive and guantitative distribution decreased sig-
mificantly and the majoriny of indivaduals concen-
trated i two lngth octaves, In the close vicinity
af the dump, the qualitative distribution of Cara-
bids taok enly the mnge of 3-18 mm and the co-
incldence of peaks of the qualitative and quantita-
tive distribution is very low becanse almost all in-
dividuals belong to Harpatus rufipes { 12-16 mm),
O the dump, the body size distribution was lim-
ited to the range of 2-12 mm.  The coincidence
of the gualitative and guantitative distribution s
very high, It is due to the fact that majority of
species was represented by only one individual

Changes of sex ratio of Carabidae along the
fall pradient

SusTei [19584) found that the populations of
the more abundant species m the intermediately
disturbed carabid communities tend to be fomale
dominated, whilst in the strongly disturbed com-
minnities they tend to be male dominated, A sim-
ilar effect was also obsarved by MULLER [1970) at
the margins of various ecological gradients.

In the dump surroundings the populations
of Harpalus nufipes were [emale domimated in
the marginal parts of the trap lines affected by
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Fig. 7. Sex ratio (81) m four carabid gpecies [ Harpaiis
rufipes, Dolichus halensis, Brachymus explodens and
Agoptun dorsale) in individual traps (T) along the
pollution gradient (ABS — aspecies absont in indicated
areal,

lower fall mtensity (Fig. 7). The preduminance
of females sank obviously in the gone of the fall
intensity cxceeding 500 t km *wvear™' and the
males dominated in the zone exceeding 800 ¢
ki Fyear~! A slmiblar trend was also visible iy
Dolichus halensis. In Agonum dorsale, however,
the predominance of females declined as early as
in the zone of the fall intensity exceeding 300 ¢
ki year™" (Fig. 7). In this case, however, the
tendency to predominance of males may coincide
with the lower representation of this species.

The changes of sex ratlo shown in four se-
lected dominant species can also be ohserved m
the whole taxocoenosis [Fig. 8). The logarithmic
regression curves caleulated separately for each
sampling point show that jn the area of Jower fall
intensity the [emales predominated mostly in the
populations of more abundant speciss, similarly as
in many other intermediately disturbed communi-
ties. In the area of the traps 5-0 the regression
curves indicate a tendency to balanced sex matio in
individual species. Ou the oie hand i coincides
with higher diversity of the vegetation rover di-
minishing effect of anthropic pressure and with the
presence of large sized species indicating a more
natural state of the carabid communities in that
part of thetraps line. On othor hand, & high num-
her of the predaceous carrion beetles 5. canmala
and 5. ebscura ousts the carabids from their sco-
fogical niche of small soil surface predators. This

Fig. 8 Logarthmic regression cirves of sex
ratio (5R) of Carahidar arranged according
the decreased rank of species (5) in samples
from individual traps {T) alony the gradient of
pallution and vegetation cover in close vicinity
of the traps Ime (V. C; < vegetation eoves),

1

-005-~
results n a lower population density of individual
rarabid species and more intensive innnigration in
which the more mohile males are more successful,

as 10 the case of the gradients margins described
by MULLER (1970). In the zone of the highest in-
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tensity of nickel leaching fall the tendency to the
predominance of males in the abundant species is
ohvions.

The described changes of sex ratio of Cara-
bids can be interpreted as an effect of the fall of
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nickel leaching rest redueing the size of local pop-
ulation and s imtrinsic growth rate. The pre
dominance of miales in the zone of the highest in-
tensity of the pollution indicates that the popula-
tioms started to die out there, but that the decline
in the pumber of individuals was compensated by

Tis

lmmigration from the lezs polluted surroundings.
5o the negative effect of the fall of nickel lraching
rieat was not reflectad in the cumulative abundance
and for Momass or in the abundance of the most
tolerant and expansive species H rufipes.

An attempt at estimation of the develop-
ment of carabid communities in the pol-
luted area during one decade after inves-
tigation

The-=zex patin B one of the mrportant fnctors pe-
sponsible for population growth. Therefare, under
certain simplifications, e sex ratio can b gsed
for an approximate estimate of forther develop-
ment of each population or the whole commumity
{SvrsTER, 1084a). The striking predominance of
femnales in a lHmited nomber of dominant species
ini the less polluted paris of (e studied area bndi-
cates Lhay the communities in those area tend to
aligospecificity or aven to monospecifity, whils the
predominance of males in the majority of species
I vhe steongly polluted parts of the stodied area
Indicates a tendency to extinction of such populs-
tians,

The samples from the southern part of the
trap line (traps 24-31) were taken as an examplo
of the communities from the Jess polluted zone and
the sanple ffom the trap 14 as an examyple of the
rommunity from the most pallated zone,

Twe different models of development of pop-
wlations of seven dominant species have been nsed
(SusTEE, l9%4a), The first model 12 based on
s=x ratio caleulated a= difference of females and
males mumber divided by the total mimber of in-
divicluals of each species. In this model the mua-
ber of individuals of the species with a predom-
Ingnee of females would increase and without re-
spect on their original position they would become
dominant, The second model uses the sex tatio
weighted by the importanee af each species in the
community (relative biomass), In these models the
gradual extinction of the male dominated species
wonild be much slower. Abundance ol the eudsimi-
nant species Harpalus rufipes increases moderately
whereas the abundance of other species decreases
slowly, Uncler the simplified conditions of omit-
ting other factors managing the population growth
it individual populations and nnder presumption
iof stabliity of the sex ratio m each species, the
carabid community in the wider surroundings of
the dump (traps 24-31) would reach the state ob-
served in the imumediate vicinity of the damp (trap
14) approximately within 30-60 years The exis-
tence of commnunities similar to the second model
i the close vicinity of the dump or in the strang
anthrepogenically modifiad wrban ecosystems and
the high resistance and expansivity of Harpalus
rufipes confirm the reality af the serond mode]
As the second model shiows, the obsorved state
of commnntties in the surmoundigs of the okl

leaching dump seems to be rather stable, On the
one hand this stability could be negatively influ-
anred by the accumulation of the nickel leaching
rest in the sail i the dump surface is not stabilized
im the future, on the other hand, intensive migra-
taan abality ol indiviclual species, which is charse-
tervistic of (he typical field species, will compensate
for the wegative effect of pollution by the nickel
leaching rest will

Disenssion and conclusions

Changes in the studied taxocoenoses an indis
vidual levels of Diotndieative criteria provoked by
fall af the nickel leaching rest provoked refleeted
cleazly the different intensity of the [all. Along
the whole gradient of the fall nrensity no signif-
icanl changes in the cumulative abundance and
bimnass af the studied taxocoenoses caused by the
fall intensity were ohserved. The observed diffor-
enres were mostly cansed by the different sege-
tation structures al individuals sampling sites, or
by compatitive pressure of similarly sized species,
The species number decreased in the zone of fall
intensity exceeding %00 t km ?vewr ™' Ly approx-
imately five species. T the same zone the alpha
diversity sank approximately by one bit, whereas
a visible tendency to its decrease was already evi-
dent already (n the zone of fall intensity exceeding
50 t km ™ *vear™'. ln the centre of the most pol-
lutes] aren the species Harpalue rufipes tended to
reach an extremely high relative abundance of 90%
and relative biomass of 975, The impoverishment
of the community was also clearly documented
by the simplification of the body size structure
in the zone of the [l intensity exceeding 500 1
kmZyear", The sex ratio of individual species
was the most sensitive bioindicative criterium. It
already already in the zone af the fall intensity ex-
ceedhing 300 ¢ ki 2vear ™" in Agonum dorsale, A
temtative estimate of the population growth of the
geven most abundant gpecies during ten years wfe
ter the mvestigation shows that the community in
less palluted parts of the transection tended to the
gtate found in the most polluted part in the clos-
est vicmity of the pollution source. The coloniza-
tion of the actual dump was strongly dependent on
the presence of the sparse vegetation in the places
where the mckel leaching rest was admized with
loam.

A comparisen of the effecta of pollution by
nickel loaching rest with the effects of other types
af industrial imissions on Carabidae, Siphidae and
Staphvlinidae is ralher contradictory, No effect of
pothnion on cumulative abundance and hiomass
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m pane [orests was found by FEILER and TIEUSCH
[ 1968) disring one vear of observmtiom whille as late
ag after thrée yeur of obeervations they found »
highar camulative abundance of Carnbidae in less
polluted stands. On the contrary, a higher comu-
lative nlutlines of carahids i the fields palluted
by duet contaming lime or sulphurie substances
wis [ound by Prszican (1970 d-f), Koor'so «
al 11982 reported rather contradictory cesults
about abundanee changes of the soil wesolnn
i forests in arcas pollied by various kinds of
chemicals.  In approximately one linll ol cases,
she found msignificant differences wiiile o the re-
mening cases abundance foctuated withoot any
obwions pelation to the degree of polititian. Ti-
aisce and Duxopn (1972) (Gund no changes in
the spovies diveesity and activity abondince in the
polhated areas, WABADY K=WasyLre (19800 fownid
abaut sne-third dwer species of Catnbiclae 1y the
potato fields in polluted arca thin in less exposed
fidlds.

The changes in body size stvicture anel in
sex tatio aleng pollution gradients have rarely
heon studied.  The patterns exhibided by both
binindicative criteria are rallier similar 1o those
fonnd along an ideslised urbanisation gradient in
the cities of Bratislava and Broo (SUsTER, 1086,
1957, 14 ],  The patternd foumdl o siider sur-
ronnditgs of tie dump corresponds widli those in
large parks or im the peripheries, while thase foumndd
o e praper duinp eormesponils with the patteris
found in small Hower beds o the city conter. The
predominance of males in the sironghy pollured or
otherwise anthropogenically disturled areas a= a
eesult af imunigration from less exposed surround-
ings s imdivectly confirned Dy highes pheootiypical
hetorngeneity i the pepulations of FPterostichis
Db]’(lngupu.ueluius n the rocreation 2ones [ SN EL.
1984},

STvBRE aml TIiETZE {1982} concluded that
the miuenee of varions noxions fuctors = usiy<
ally minor eompared o the influenee of micmel=
matir fartore.  They genermlized this: conelusion
g0 far that the carabides wie o be taken as ndl-
vect biomndicators.  Alliough this generalization
seems to be sumewhal pxaggerated, their finding
is highly camipactible with my vesults and. w0 the
same Lime. can be considerad o be (e maln couse
of the cantradictory resulis preseutod by ather au-
thars whe focused in tlieir intorprotations predoes-
inantly on the pollution dand omivted otler differ-
ences botwesn the stndied habmnats or possible e
fluence ol eompetitive relutionships of traphically
related groups.

I i evident that an noeasienal cooncidence af

T20

varions natural gradients n community structurs
with wn expectes] trend provaked by s pollution
gradient van lead in such cases Lo serions misin-
terpretations of reaults
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