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ABSTRACT

The study was carried out in 1973—1877 in the Tarnobrzeg Sulphur Basin,
in the region of the Sulphur Plants at Machéw, and the hole sulphur mine
Jeziorko, as well as in the reclaimed areas at the sulphur store and at the
mine field at Grzyb6w. Pitfall traps and a soil sampler were used to catch
the epigeic and soil fauna. It has been found that the effect of dust and gaseous
sulphur compounds from emissions is more pronounced than the effect of changes
in atmospheric conditions in successive years, the former being of zonal character.
Sulphur emissions affect proportions among particular groups of the epigeic
predatory fauna. In particular, the values of ecological indices are lowered for
spiders and increased for ants. Some species and dominant groups are exchanged,
and finally the whole animal world is destroyed. The reclamation and cultiva-
tion of the polluted areas was followed by re-establishment of the fauna, even
if they were still subjected to pollution. But the species composition and propor-
tions among particular groups of the restored fauna differed from the original.

INTRODUCTION

Changes in environmental conditions, including the impact of in-
dustrial factors, bring about specific defensive responses in biological
systems, directed towards maintaining their functioning. According to
Odum [5], the most important responses are such as changes in the
distribution pattern, changes in numbers and dominance structure,
decrease in the number of species, and a total decrease in production.
These processes are analysed in the present study as bioindicators of
the degree of destruction and transformation of agrocoenoses, on the
one hand, and as a measure of the success of particular reclamation
treatments, on the other.

STUDY AREA AND METHODS

The study was carried out in 1973—1977 in three areas of the
Tarnobrzeg Sulphur Basin:
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1. in the region of the hole sulphur mine at Jeziérko, where the effect
of gaseous emissions from mine fields was studied at six points,

2. in the region of the sulphur plant “Siarkopol” at Machéw, where
the effect of gaseous emissions from processing plants was studied
at five points,

3. in the region of the hole sulphur mine at Grzybéw, near Staszow,
where the effect of gaseous emissions from mine fields and the
effect of dusts from sulphur stores were studied at five points
each, as well as the processes occurring in animal communities in
two adjoining 40 ha reclaimed fields, at one point on each.
Animals were sampled in the permanent plots — stations — where

a team of research workers concurrently analysed the effect of sulphur

compounds on ground waters, soil, crop plants, natural plant com-

munities, and microorganisms [7].

Animal samples were taken by means of pitfall traps [1, 2, 6].
There were 20 traps at each station, functioning in monthly periods
three times over the growing seacon. At the same time 25 soil samples
were taken at each station three times over the growing season, by
means of a sampler 10 cm high and 10 cm in diameter. The soil samples
were extracted in a modified Tullgren funnel (with water jacket) and
also selected by hand to isolate pupae and little mobile forms.

The collected materials were ctatistically processed, the following
indices being calculated: numbers, catchability, frequency, dominance,
and index of the total ecological importance [3, 4, 5, 8].

RESULTS

A total of 66 905 invertebrate animals were collected during the
five-year study period. Among them, the epigeic predatory fauna
classified into carabids, ants, and spiders was analysed in detail, and
soil animals classified into insect larvae, myriapods, and earthworms,
these groups being most representative of the agrocoenoses under
study.

/
The effect of gaseous emissions from mine fields

The study was conducted in the region polluted with gaseous emis-
sions of sulphur compounds from mine fields of the hole sulphur mine
at Jeziérko, near Tarnobrzeg. The stations were arranged along a gra-
dient of the increasing distance from the source of emissions, and the
control station was located beyond the range of sulphur deposits and
beyond the zone affected by the mine. In addition to the control
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zome, three other zones were distinguished on the basis of soil analyses,
plant cover, and treatments needed for the functioning of a biocoenosis
in this region: '

I — the zone of small changes in agrocoenoses, where only periodic
preventive liming is needed for their functioning,

II — the zone of a moderate destruction, where permanent pre-
ventive treatments are needed, some periodic reclamation treatments,
as well as the crop structure has to be changed,

IIT — the zone of a total destruction, where a complete reclamation
is needed and a mew type of agricultural management.

The effect of gaseous emissions from mine fields on the soil fauna
(Fig. 1) was firstly revealed in a reduction of the number of samples
containing animals, when a distance from the source of emissions
decreased. The proportion of samples with soil animals dropped more
rapidly than that with epigeic animals, and near the mine aerobionts
were more abundant. Also the number of animals decreased along
this gradient, mainly that of larval stages, for which this process
started earlier than for earthworms, the number of which declined
near the mine. In soil, the proportion of earthworms and insect larvae
was the highest. The proportion of earthworms decreased only at the
station located in the area of the mine, while the proportion of larvae
did not show statistically significant differences. Instead, the proportion
of aerobionts increased at the mine.

Frequency of the occurrence of particular animal groups was ge-
nerally low. The index of ecological importance gradually decreased
for earthworms and increased for larvae, particularly at the station
near the mine, where it was also increased for aerobionts.

Differences in the total catchability of the epigeic predatory fauna
(Fig. 2) captured with pitfall traps were not statistically significant,
however, the catchability of spiders tended to change in an opposite
direction than that of ants- The catchability, dominance, and ecological
importance dropped for spiders, while increased for ants along the
gradient of a decreasing distance to the source of emissions.

The frequency of the occurrence of particular animal groups in
traps was high and little differentiated, except for ants.

The effect of gaseous emissions from processing
plants

This effect was studied in the region of the sulphur plant “Siarko-

pol” at Machow. The stations were located at distances of 0.3, 4.0, 6.0,
and 8.0 km from the plant. The control station was located beyond
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Fig. 1. Changes in some ecological indices for animals found in soil samples
taken at Jeziérko in 1974—1977.

A — numbers indiv./sample; a — frequency; B — domination; b — ecological
importance; C — proportion of samples: 1 — without animals, 2 — with
earobionts, 3 — with epigeic predators, 4 — with soil animals.

I, II, III, (C) (control) — zones.
Animals: C — carabids, A — ants, S — spiders, M — myriapods, E — earthworms,
L — larvae, O — other species.
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Fig. 2. Changes in some ecological indices for animals caught in pitfall traps
at Jeziorko in 1974—1977.

A — catchability indiv./trap; a — frequency; B — domination; b — ecological
importance.
Animals and zones — explanations as in Fig. 1.

the region polluted with emissions. In addition, one station was located
at Kaiméw, at a distance of 0.3 km from the plant on the windward
to test the effect of wind direction.

The number of soil samples containing animals dropped with the
decreasing distance to the source of emissions (Fig. 3), like it was the
case in the areas polluted with emissions from the mine fields. The
number of animals was reduced at a considerably higher distance to
the source of emissions than in the case of emissions from the mine
fields. Firstly earthworms and then insect larvae declined. The lowest
numbers of animals were recorded at distances of 300 m and 4/ km
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from the plant along the main wind direction, i.e., on the leeward. At
the windward station Kaiméw both the number of samples with animals
and the number of animals were considerably higher than at the cor-
responding leeward station.
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Fig. 3. Changes in some ecological indices for animals isolated from soil samples
taken at Machéw in 1974—1977.
A — numbers indiv./sample; a — frequency; B — domination; b — ecological
importance; C — proportion of samples. Remaining explanations as in Fig. 1.

=

At the control station the proportion of earthworms was the highest,
and then that of insect larvae. The soil fauna at the stations with
lowest numbers of animals was dominated by carabids, while at the
station nearest to the plant, earthworms were most abundant again,
independent of wind direction. Thus largest changes in the soil fauna
were recorded at a distance of 4 km, where the gaseous fall was the
heaviest, and not at the plant. A characteristic feature of this whole
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region is a small proportion of aerobionts, as compared with the region
affected by emissions from the mine fields.

A similar picture was obtained for animals sampled with pitfall
traps (Fig. 4). A significant decrease in catchability was noted at
a distance of 4 km to the plant. Also here spiders were replaced by
ants, this process being dependent on the distance to the source of
emissions and not on the course of changes in the catchability of

animals.
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Fig. 4. Changes in some ecological indices for animals caught in pitfall traps
at Machow in 1974—1977.
A — batchability indiv./trap; a — frequency; B — domination; b — ecological
importance.
Remaining explanations as in Fig. 1.

The effect of dust emissions from a sulphur store

The tests were conducted in the region of Grzybow near Staszoéw
The stations were located every 100 m along a gradient of the in-
creasing distance from the sulphur store. A similar trend of changes
in the fauna was observed as in the areas polluted with gaseous
emissions. The catchability of animals dropped with decreasing distance
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to the store (Fig. 5). An increase in the catchability at a distance of
200 m to the store resulted from a considerable increase in the catcha-
bility of ants. Predatory animals in the control and most distant pol-
luted areas were dominated by spiders, and at the next station by
carabids; ants dominated near the store, and aerobionts at the store.
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Fig. 5. Changes in some ecological indices for animals caught in pitfall traps

at Dobrow-Grzybéw in 1973—1977.
Explanations as in Fig. 4.

Changes in the fauna of reclaimed fields

The study was carried out in the region of Grzybéw. The reclaimed
and nonreclaimed plots were located in pairs near the mine field and
the sulphur store. The control plot was beyond the range of emissions.

The proportion of soil samples with animals (Fig. 6) was particularly
decreased in the nonreclaimed plot in the region of the sulphur store.
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Fig. 6. Changes in some ecological indices for animals isolated from soil samples
at Grzybow in 1973—1977. Explanations as in Fig. 1.
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Fig. 7. Changes in some ecological indices for animals caught in pitfall traps
at Grzybéw in 1973—1977.
A — catchability indiv./trap; a — frequency; B — domination; b — ecological
importance.
Remaining explanations as in Fig. 1.
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The reclamation was immediately followed by an increase in the pro-
portion of soil samples with animals.

The number of animals declined most conspicuously in the region
of dust emissions. The reclamation of this area was followed by an
increase in the number of animals so that it was even higher than in
the control plot. But the proportions among particular groups of ani-
mals were the same in the two reclaimed plots, and independent of
the level from before the reclamation. The reclaimed plots were do-
minated by larval insects, mainly crop pests. It should be noted,
however, that insect pupae were almost absent in the reclaimed plots,
as compared with the control, so that it could seem that the process
of pupation did not occur there.

The catchability of animals in pitfall traps (Fig. 7) in the reclaimed
plots was not so much increased, when compared with destroyed areas,
as in soil samples. In pitfall traps the proportion of aerobionts and
larvae considerably increased, while ants and spiders were less
numerous.

The frequency of animals in reclaimed plots was high, like the
index of ecological importance, and higher for dominant groups, as
compared with the destroyed plots.

Species composition of some animal groups

Such groups were analysed as ants and spiders since they were
subjected to greatest changes in the region affected by sulphur in-
dustry; in addition, the changes in these two groups were of opposite
character.

In the region polluted with emissions from the mine field (Fig. 8)
spiders were gradually replaced by ants in proportional numbers. In
spiders a decrease in their catchability and in the number of species
were first recorded, and then the species composition of dominant
groups changed with decreasing distance to the source of emissions.
There were not many ant species in agrocoenoses. Lasius miger L. was
the dominant at all the stations and had the major effect on the
proportion of ants in the epigeic predatory fauna. But in more des-
troyed habitats also other species appeared in the group of dominants.

In the region polluted with gaseous emissions from the processing
plant, changes in the spider community (Fig. 9) occurred within a con-
siderably greater distance. The dominant species were subjected to
considerably larger changes than in the preceding region. Also the
number of species dropped with decreasing distance to the source of
emissions.
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The most pronounced changes in ants were moted at distances of
6 and 4 km to the plant. Here the number of dominant species in-
creased, while in the other stations L. miger dominated.

There were differences in the dominant species, number of species,
and catchability of both ants and spiders between the windward and
leeward stations.

DISCUSSION

It is worth supplementing the results presented above with the
patterns of compensatory processes found in other areas (Fig. 10).

In the Tarnobrzeg Sulphur Basin spiders were replaced by ants.
In the region of the nitrogen plants in Pulawy the situation was
reversed, ants being replaced by spiders. In the Cement-Limestone
Basin at Nowiny mnear Kielce, spiders disappeared very early, while
ants were replaced by the phytophagous fauna. At the same time, the
catchability of animals increased considerably, generally, in zone II,
moderately polluted. This increase was particularly pronounced in
the habitats subjected to transformations, e.g. in the Pulawy region.

From the results presented above it is possible to indicate some
phases of homeostatic processes tending to restore and maintain the
state of a functional balance in agrocoenoses heavily polluted with
industrial emissions.

The first such phase that may be used as a bioindicator is a change
in the frequency of animals and, consequently, in their distribution-
The animals living in polluted areas tend to have a clumped distribu-
tion. They aggregate themselves in specific ecological niches in such
a way that their average catchability and numbers do not show any
significant differences in this area as compared with the control area.

Then there were changes in the group of dominant species. Single
dominant species were replaced by several other species that earlier
did not play a significant role in agrocoenoses. It should be noted here
that the increase in the number and catchability of the species be-
coming dominants is considerably faster than the decrease in the
number of single species loosing their dominance, which may result
in an increase in the total number and catchability of animals at
intermediate distances.

A further increase in the rate of pollution or in the time of ex-
posure to heavy pollution was followed by the disappearance of sus-
ceptible species and, hence, by a decrease in the total number of

species.
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Fig. 10. Changes in some ecological indices for animals sampled in different
zones polluted with industrial emissions.
A — catchability indiv./trap; a — frequency; B — domination; b — ecological

importance.
I, II, III, (C) (control) — zones.
Animals: Ep — epigeic phytophages, C — carabids, A — ants, O — other

insects, L. — insect larvae, S — spiders.
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The changes described above were usually observed in zone I,
slightly destroyed and transformed, where only preventive treatments
were needed for the normal functioning of agrocoenoses. The methods
applied and the main purpose of the work, that is, bioindication, made
it impossible to follow all changes at the level of the species and the
population; they require other methods.

The other responses recognized and applied to bioindication pur-
poses are changes within trophic levels. The increasing pollution rate
was followed by an increasing trophic homogenization of animal groups
in favour of phytophages. At a lowered predatory impact this could
be one of the factors accounting for an increase in the catchability
of animals at medium distances.

Another response to pollution is the change in the domination of
particular groups belonging to the same trophic level. These changes
are presented here for epigeic predators.

An increase in the rate of pollution or in the time of exposure
resulted in disappearance of the whole groups from particular trophic
levels. This process was compensated by the development of other
groups so that the total abundance of the trophic level was not reduced.

All these responses were observed in zone II, moderately destroyed,
where permanent preventive treatments were needed and some periodic
reclaiming treatments, as well as changes in the profile of agricultural
production.

It seems that these are all defensive responses that could be re-
cognized in the present study. Further functioning of at least some
links will depend on external factors, first of all, on the immigration
of animals, since agrocoenoses of zone II seem to be open systems.

In more polluted areas numbers and catchability rapidly decreased,
phytophages being particularly reduced. The epigeic predatory fauna
recorded in agrocoenoses almost exclusively fed on immigrants from
the outside of the threatemed biocoenosis.

The next phase is a complete destruction of biocoenotic relationships,
only single species being present. These species were represented by
a small number of individuals and occupied different ecological niches.
Also some immigrants were met that strived to inhabit the destroyed
and already abandoned agrocoenoses, but their occurrence was rather
of temporary character.

Each reclaiming treatment conducted in the destroyed areas was
immediately followed by responses in the animal world. Even the
fields reclaimed but still subjected to high pollution were resettled.
In the first stages of this resettlement, however, animal communities
differed from those living there before the destruction as well as in
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the destroyed areas. It seems that the rate and the degree of fauna
restoration in agrocoenoses depend on the intensity and force of im-
migration and on the species composition of immigrants.

Instytut Uprawy, Nawozenia i Gleboznawstwa
24-100 Pulawy
Polska
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WPLYW PRZEMYSLU SIARKOWEGO NA ZESPOLY FAUNY NAGLEBOWEJ

STRESZCZENIE

Badania przeprowadzono w trzech réznych obiektach Tarnobrzeskiego Za-
glebia Siarkowego w latach 1973—1977. W rejonie Kopalni Siarki Jeziérko ba-
dano wplyw emisji gazowych pochodzacych z po6l eksploatacyjnych. W Grzybo-
wie — wplyw emisji gazowych z pé6l eksploatacyjnych oraz emisji pylowych ze
skladowisk. Prowadzono rowniez badania na zrekultywowanych polach pozosta-
jacych pod wplywem emisji gazowych i pylowych. W rejonie Kombinatu Siarko-
wego Machéw badany byl wplyw emisji pochodzacych z zaklad6ow przetwoérezych.

Potowu zwierzat dokonywano metodg mokrych pulapek Barbera oraz metoda
biocenometryczng analizy zawartosci gleby. Do analizy zastosowano mnastepujace
wskazniki ekologiczne: liczebnos$é, lownoéé, dominacja, czestotliwo$é potowu,
laczny wskaznik znaczenia ekologicznego. W badaniach skoncentrowano sie na
drapieznej faunie epigeicznej — biegaczach, mréwkach i pajgkach — jako ele-
mencie wskaznikowym zmian. Z fauny glebowej uwzgledniono: larwy owadow,
wije, réwnonogi i dzdzownice.

Badania wykazaly, ze wplyw poszczegélnych rodzajéow emisji jest silniejszy
niz zmiaony czynnikéw atmosferycznych w kolejnych latach. Oddzialywanie emisji
zwigzkéw siarki uwidocznilo sie w zmianach relacji pomiedzy poszczegdlnymi
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grupami zwierzat, a szczegblnie w zmniejszaniu sie wartosci wskaznikéw eko-
logicznych w przypadku pajakéw na rzecz wzrostu ich wartosci u mréowek w mia-
re poglebiania si¢ stopnia niszczenia $rodowiska. W obrebie analizowanych grup
nastepowala réwniez wymiana gatunkéw dominujacych. Analogiczna strefowosé
zmian zanotowano w prébach glebowych, przede wszystkim zmniejszanie sie
ilosci prob, w ktoérych znajdowano zwierzeta, jak réwniez ustepowanie poszeze-
golnych grup fauny glebowej.

Rekultywacja terenéw poeksploatacyjnych i ich rolnicze zagospodarowanie
znalazly odbicie we wazroécie wartosci wskaznikoéw ekologicznych drapiezcow
fauny epigeicznej. W przypadku zwierzat glebowych zanotowano wzrost ilosci
prob ze zwierzetami, przede wszystkim larw owadéw.

Te réznice w wartosciach wskaZnikéw ekologicznych u wymienionych grup
zwierzat z pulapek Barbera i prob glebowych w poszczegélnych strefach znisz-
czenia i odbudowy S$rodowiska sa tak znaczne i charakterystyczne, ze moga byé
wykorzystane zaréwno jako wskazniki zasiegu oddzialywania toksycznych emisji
zwigzkéw siarki, jak rowniez jako wskazniki stopnia odbudowy tych $rodowisk
przez rekultywacje.

B/IMSIHUE CEPHOM ITPOMBIIJIEHHOCTM HA COOBHIECTBA SITUTEUYECKOM
DAYHbBI

PE3IOME

B 1973—1977 r.r. 8 TaprOG)eckoM ceproM Oaccelire GhUIH MPOBEIEHE! MCCIIEAOBARNAS, LETHI0
KOTOPBIX OBLIO BBHISBIICHHE BJIMSHHS ra30BbIX HMHCCHII M3 3KCIUIOATAMOHHBIX IT0JIOC, TBLIEBBIX
SMHCCHY M3 CKJIAJCKAX XPAHWIHI] ¥ 3MUCCHI IlepepabaThIBAIOIMX 3aBONOB HA SIATEHYECKYIO
(dayny, rne mccneoBaHHsS CKOHIEHTPHPOBAIACH HA XXKAIIHAKAX (KyKEIHNAX, MypaBbsX M MayKax)
KaK MHOUKATOBAX IMPOMCXOISIIMX H3MEHEHHI, ¥ MOYBEHHYIO (ayHy, Cpeld KOTOpOM MPHHSIACH
BO BHAMAHHE JIMYAHKA HACEKOMBIX, PABHOHOI'MX, MHOTOHOXEK M IOXXIEBBIX HYepBeii.

Ilpu ama;m3e MaTepHalia NPHMEHHIICS DS SKOJOIHYECKHX ITOKa3aTeleii: YHCIeHHOCTH, JIOB-
HOCTH, NHMHHMPDOBAHHE, 4YaCTOTA BCTPEYAEMOCTH, OOBEIMHEHHBIH IOKa3aTelb JKOJOTHYECKOM
3HAYAMOCTH.

Wccnenosamust mOKa3add, 3TO BIMsSHAE KaXAOrO pPOJa 3MHCCH SBISETCS Ooliee CHIBHBIM,
YeM CMEHA METEOpPOJIOTHYeCKHX (aKTOpPOB B OYepeIHBIX rojax. Bo3JelCTBHE COCIWHEHHI Cephl
NPOSBHIIOCH B M3MEHEHWSX COOTHOINEHHS MEXIY IDYIIAMH JXKHBOTHBIX, OCOOEHHO B MaJCHHA
BEJIMYMH 9KOJIOTMYECKUX ITOKa3aTelleil y IayKoB B IOJIb3Y HX POCTa Y MYPaBbEB B 3aBHCHMOCTH OT
YBEIMYEHHS! CTENEHH YHHYTOXEHHS €CTeCTBEHHOM Cpensl. B mpenenax aHaIM3HPOBAHHBIX IDYIIT
MPOMCXOAMIIA TAKXKE CMEHA JOMHHHPYIOIIAX BAJOB. B moyBeHHbIX Mpo6ax aHATIOTHYHEIM 06pa3oM
YMEHbBINAIOCh KOJHYECTBO Npo6, COEpXauldX >KHBOTHBIX, a OTHE/bHBIE IPYIIIbI HCYE3ald M3
TIOYBEHHOM (hayHbI BOOOIIE.

Ha pexy/JbTHBHDOBaHHBIX TEPPHTOPHAX, HCIOJIB3YEMBIX CHOBA KaK CEIbCKOXO3SHCTBEHHbBIE
YTobst, HaGII01alICst POCT SKOJIOTHYECKHX MOKa3aTeN i Yy XHIHAKOB JIHMTeHYecKoi (aymsl. B mouse
BO3pacTalio KOJMYECTBO MPOO, COAEPKAIMX JKHBOTHBIX, a TPEXIE BCEro JIAYMHOK HACEKOMBIX.

Pa3zymymst B BeJIMYMHAX 5KOJIOTHYECKHMX ITOKa3aTelleil y HMCCICHOBAHHBIX IPYINT SIHTCHYECKHAX
M IOYBEHHBIX JXKMBOTHBIX TaK BEJMKH B 3aBHCHMOCTH OT 30HBI YHHYTOXCHHS H BOCCTaHOBJICHHS
cpezbl, ¥ TaKk XapaKTepHbI, YTO MOTYT ObITH MCIOJIB30BAHBI KaK HHIMKATOPHI BO3NEHCTBHS TOKCH-
YEeCKHX 3MHCCHI CHeIHHEHHI CEPhl, 4 TAKXKe B Ka4eCTBe IOKa3aTellsl CTENCHH BOCCTAHOBIIEHHA Cpe-
OBl IyTEM PEKyJIbTHBAIHOHHBIX MEPOIPHSITHIA.
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