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Mrówki (Formicidae) w agrocenozach podlegających intensywnej presji emisji prze
mysłowych

MypaBbH (Formicidae) b arpoyeHO3ax, no£BeprnyTbix HnTeHCMBHOMy BO3fleiłcTBM» 
npOMbim;ieHHbix 3mhcchśi

INTRODUCTION

Deterioration of environment in the agrocenoses under the influence 
of intensive industrial pressures causes intensification of homeostatic 
reactions leading to reestablishing and preservation of ecological balance 
on these territories. At the same time, as a result of unsettled balance 
in the ecosystem, the phenomena of rivalry among fauna intensify (16).

The present inyestigations were to point to the intensifying rivalry 
between particular groups of invertebrate animals and to the possibilities 
of utilizing these changes as bioindicators of a degree of devastation and 
transformation as well as restoration of the agrocenoses damaged by 
industrial emissions. In the present investigation the interest concentrat- 
es mainly on predatory epigeic fauna, and in this context, on phenomena 
of the rivalry of ants with the remaining group of animals, and part- 
icularly with spiders and ground beetles.
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THE AREA AND METHOD OF INVESTIGATIONS

The investigations were carried out in the years 1972—1977 in agrocenoses of 
the following regions, where a strong pressure of industrial emission was observed:

1. The region of the Nitrogen Fertilizer Plant in Puławy, which showed the 
intensive pressure of emissions resulting from the production of fertilizers.

2. The region of the Tarnobrzeg Sulphur Basin where sulphur is mined and 
processed.

3. The region of the Cement-Limestone Basin at Nowiny near Kielce connect- 
ed with the production of limę and cement.

In these regions the investigations of fauna were carried out. They were based 
on the system of research stations in which complex investigations concerning the 
influence of various emissions on soil, water, plants, wdld vegetation and micro- 
organisms (11, 12, 13) were executed.

In the investigations of fauna the method of Barber’s wet traps (1, 5, 9, 10) 
was employed in order to grasp animal activity, and the biocenometric method 
of soil sample analysis (2, 9, 10) for evaluating the numbers and distribution of ani- 
mals. Moreover, in the above regions Pętał and her coworkers (4, 8) carried 
out the investigations on ant adaptation to unfavourable environmental condi- 
tions, simultaneously evaluating individual population parametres. In the region 
of the Nitrogen Fertilizer Plant in Puławy Górny (3, 7) and Sokołowski (14, 
15) investigated the changes in ant distribution and the composition of their food 
in the woods which were subject to intensive industrial emissions.

RESULTS

A. THE REACTION OF FAUNA TO POLLUTION

The analysis of six-year investigations carried out in agrocenoses 
which were subject to strong pressure of intensive industrial emissions 
allowed to grasp a number of regularities, which provided the back- 
ground for showing the phenomena of ant rivalry with other animal 
groups.

The changes in agrocenoses caused by intensive industrial emissions 
had clearly a zonal character. Around new factories newly damaged 
zones arose. The pace of their formation was conditioned by a particular 
kind and intensity of emission as well as by types of agrocenoses. Those 
zones were distinguished on the basis of complex investigations concern
ing changes in soil, water, plants, wild vegetation, recultivational and 
prophylactic measures indispensable to functioning of those agrocenoses.

In the zonę I which showed the smallest damages and modifications, 
where periodical prophylactic measures were necessary to normal func- 
tioning of agrocenoses, there appeared changes in freąuency of animals, 
and conseąuently in their distribution, which acąuired clearly agglomera- 
tional character, grouping animals into particular ecological niches. Do- 
minating species changed, and then sensitive species withdrew.
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In the zonę II which showed medium damages, where continuous 
prophylactic, as well as recultivational measures were necessary to 
functioning of agrocenoses, there appeared changes in domination of 
particular animal groups within one trophic level, and then the whole 
groups of sensitive animals withdrew, and were replaced by other groups, 
with no change of a trophic level.

In the zonę III, which showed great damages, where complete re- 
cułtivation of agrocenoses and changes in the profile of production were 
necessary to their functioning, there appeared a very strong decrease 
in the number of animals and annihilation of particular trophic levels, 
usually predatory epigeal fauna, feeding on immigrants flying over from 
the undamaged territories, remained.

The recultivation of devastated agrocenoses, in spite of the fact that 
they were still subject to intensive emissions, caused instantaneous re- 
construction of fauna, while the degree of reconstruction depended on 
the number and species of immigrants flying over to these areas from 
the affected agrocenoses.

B. THE REACTION OF ANTS TO POLLUTION

In spite of the fact that agrocenoses do not belong to the habitats the 
most actively penetrated by ants, the influence of industrial emissions 
could also be noticed here.

In the Tarnobrzeg Sulphur Basin, polluted intensely with gaseous 
compounds and sulphur powder, the ąuantity as well as the percentage 
of ants in the group of predatory epigeal fauna (Fig. 1) increased together 
with the increasing degree of pollution and modification of agrocenoses. 
This increase was the result of analogical decrease in the number of 
spiders. In the zones of the agrocenoses polluted to the highest degree 
with sulphur compounds, that is on the fields surrounding the minę, 
ants constituted the predominating group among the total of trapped 
animals. The group of atmobionts flying over to devastated fields from 
the territories which showed no negative influence of sulphur compounds 
was also numerous. The number as well as the percentage of ants were 
negligible (Fig. 2) in soil samples and showed no essential change. At 
the same time, together with the increasing degree of pollution, the 
number of the soil samples, in which animals had been found, decreased. 
The number of ant species found on the fields was smali and did not 
vary much in particular zones of the influence of emission (Table 1). The 
species dominating in traps and in soil samples was Lasius niger L., and 
it determined the percentage of ants along with increasing environmental 
devastation. In the zones II and III Myrmica ruginodis N y 1. and Myr-
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TARNO6RZEG

NOHIHY

ZONES CONTROL I U 0
Fig. 1. Changes in the percentage of trapped predatory epigeal animals in Barber’s 
traps in the particular zones which are subject to industrial emissions; D — earth- 
worms, L — larvae, P — spidera, M — ants, B — carabids, A — atmobionts, I — 

other insects

mica laevinodis N y 1. joined the group of dominating species. The re
maining species appeared sporadically, represented by smali numbers 
of individuals.

A completely different situation was observed in the region subject 
to the emission from the Nitrogen Fertilizer Plant in Puławy (Fig. 1). 
In contrast to the area polluted with sulphur, the decrease of the per
centage of ants in traps was observed there, accompanying the increase 
of the degree of pollution and environmental modification. At the same 
time the percentage of spiders increased gradually and was the highest 
in the neighbourhood of the factory. Consequently, the process of re- 
placement of particular animal groups within predatory epigeal fauna 
took the opposite direction there than in the areas influenced by sulphur 
gases and powder. The percentage of atmobionts flying over to devastat- 
ed fields from the territories still free from negative influence of the 
emission increased to a great extent. In this region the number of trapped 
animals exhibited much stronger tendency to decrease than in the region 
of Tarnobrzeg. Simultaneously, the temporary increase of the number 
of trapped animals, particularly ants, was observed on the fields situated 
in the zonę II. In soil samples (Fig. 2) the decrease of the number of
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Table 2. The dominating ant species in the particular zones which are subject to
1972—1978 (in

Species Zones

Sulphur Minę Jeziorko

JK JW GR JA WY KA

Sulphur Minę

NA CY
III II II I C III III II

Myrmica laevinodis
Nyl. 3.1 4.2 0.1 0.3 0.3 0.02 0.9 0.3

M. ruginodis Nyl.
(Al. rubra (L.)) 10.1 7.1 0.2 0.3 0.7 17.1 3.0 0.1

M. rugulosa Nyl. 0.2 — — — — — — —
Al. specioides Bondr. — 0.8 — 0.3 — — — —
M. scabrinodis Nyl. — 0.08 0.04 0.04 — — — 0.9
M. sabuleti M e i n.
M. lobicornis Nyl. 0.02 0.03 — — — — — —
Tetramorium 

caespitum (L.) 0.06 0.03 0.02 0.02
Strongylognathus 

testaceus (S c h r k.) 0.06 0.02 0.02 0.1
Lasius niger L. 21.2 12.0 9.1 3.7 6.6 9.7 29.9 39.0
L. flavus (F.) — 0.03 — 0.02 0.02 0.05 —. 0.3
Formica fusca L. — — — — — 0.1 — —
F. cinerea M a y r. — — — — . — — 0.02 —
F. pratensis R e t z. — — — — — 0.08 — —
F. rufa L. —. — — — — — — —
F. polyctena F o e r 6 t. — — — 0.02 — — — —
Number of animals 1716 861 422 217 431 1088 1547 238

Explanation: Sulphur Minę Jeziorko: JK — Jeziorko minę, JW — Jeziorko 
Machów: KA — Kaimów, NA — Nagnajów, CY — Cygany, MO — Mokrzyszów, SL. — 
Minę, GP — Grzybów field recultivated, GKT — Grzybów control, Cement-
Zagórze control.

animals was stronger and still ealier than that in traps, along with the 
rapid decrease of the number of soil samples in which animals were 
found. Alike in traps, the strong decrease of ant percentage, simultaneous 
with the increase of the percentage of spiders, was observed.

In this region a slow decrease of the number of ant species accompany- 
ing increasing environmental pollution (Table 2) was noted. There also 
appeared greater changes in the domination of particular species than in 
the region previously mentioned. Myrmica ruginoids N y 1. dominated 
decidedly on control territories and only M. sabuleti Me in. and L. niger 
L. had also a smali share, the latter dominating in the regions affected 
by sulphur. Together with increasing pollution of the environment, not 
only the number but also the percentage of M. ruginodis N y 1. decreas- 
ed. M. sabuleti Me in. became the dominating species. In the zonę II, 
however, the group of dominating species was joined by L. niger L., 
whereas in the zonę III, where the destructions were the greatest, ants 
were not numerous. Moreover, all five species, because of smali and 
irregular catch, belonged to the class of accessory species.
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industrial emissions — 
indiv./trap/month)

Tarnobrzeg Sulphur Basin, Cement-Limestone Basin Nowiny

Machów Sulphur Minę Grzybów Cement--Limestone Basin Nowiny

MO SL DB GK GP GKT NW PO DY ZG

II I III III III C III II I C

1.2 0.2 0.4 4.2 0.07 1.7 0.4 0.6 1.3 1.1

3.8 0.8 0.2 3.7 1.3 2.4 4.1 5.0 6.9 2.8
— 0.03 — 0.02 — — 0.8 0.3 0.4 0.02
—• — — — — — — 0.02 —
0.06 — 0.07 0.02 0.02 0.09 0.07 — 0.02 0.02
— — — — — — — — 0.02 0.5
— — 0.03 — — — — 0.02 — 0.5

— — — — — — 4.9 0.02 30.2 0.02

__ _ __ _ __ _
2.3 3.3 2.6 4.3 1.3 4.5 30.3 14.8 4.2 21.3
0.06 0.08 0.03 — 0.03 — 0.2 0.02 0.12 —
— 0.05 — — — — — — — —
— — — — — 0.02 — — — —
0.02 0.1 — — — — 0.02 0.2 — —
— — 0.1 — — — — — — —
— — — — — — — — 0.2 —

354 189 423 144 587 297 1722 965 1738 1046
Village, GR — Grębów, JA — Jamnica, WY — Wydrza control; Sulphur Minę 
Slęzaki; Sulphur Minę Grzybów: DB — Dobrów sulphur dump, GK — Grzybów 
-Limestone Basin Nowiny: NW — Nowiny, PO — Posłowice, DY — Dyminy, ZG —

In the agrocenoses subject to the influence of troublesome powders 
from the Cement-Limestone Basin at Nowiny near Kielce, no negative 
influence on ants was observed (Fig. 1) in contrast to spiders, which 
constituted a rival group in the above mentioned regions. There, their 
number as well as percentage decreased along with the increase of pol- 
lution with dust. Although the percentage of ants in soil samples was 
Iow (Fig. 2), it grew in the zonę polluted to the highest extent. Changes 
in the composition of ant species, apart from the zonę I, were negligible 
(Table 2), L. niger L. being decidedly the dominating one. M. ruginodis 
N y 1. had only a smali share in the dominating group, and M. laevinodis 
N y 1. joined the group temporarily and only in the control territory.

The station situated in the zonę I was in the region of intensive SO2 
fali, coming from high emitters of a cement plant, and within this distance 
from the plants the fali was not neutralized, by the cement and limę 
powders, which was the case in the zones II and III. That is why in the 
station situated in the zonę I, the prevalence of such dominating species 
as were observed in the Sulphur Basin near Tarnobrzeg was noted.



112 Tadeusz Puszkar

Y7777i\ 1------Iż
Fig. 2. Changes in the percentage of caught predatory epigeal animals in soil 
sample in the particular zones which are subject to industrial emissions; a — 
proportion of samples 1 — with soil animals, 2 — without animals, b — percentage 

of animals; for explanation of symbols see caption to Fig. 1

DISCUSSION

Agrocenoses, whose characteristic features are quick changes of the 
environment and particularly great changes caused by mechanical cult- 
ivation destroying ants, nests, do allow ants to occupy these areas per- 
manently but only to penetrate them temporarily. This penetration, 
occasionally very intensive, makes it possible to count ants among con- 
stant components of fields, playing an important role, especially in the 
group of predatory epigeal fauna. This statement is supported by the 
investigations of predatory animals carried out on the meadows (6), sińce 
in the basie mass the species dominating on the fields and on the mea
dows are similar, and the differences result primarily from the smaller 
number of species living on the fields. Similarly, the analysis of food 
composition of these dominants on the meadows (6) makes it possib-le 
to include ants in the group of predatory epigeal fauna.

In the unaffected control agrocenoses, ground beetles dominated de-
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cidedly, and spiders to a lesser extent, the percentage of ants being Iow. 
In the agrocenoses which were subject to the pressure of intensive in
dustrial emission, where the deterioration of the environmental con- 
ditions took place, the withdrawal of ground beetles was observed, along 
with the growing importance of spiders and ants. The basie factor of 
those changes was the reduction of the phytophagous fauna living on 
plants, which was observed at that level of destruction. Conseąuently, 
temporary shortages in accessibility of food appeared, which was not 
tolerated by ground beetles.

The further aggreviation of food shortages resulting from almost 
complete reduction of phytophagous fauna along with, connected with 
it, specialized predatory animals, brought about the necessity of utilizing 
another source of food, less easily accessible in unaffected agrocenoses,
i.e. brisk atmobionts. In the regions of intensive industrial pressure, they 
were flying over from unaffected agrocenoses and tried to colonize de- 
vastated fields. In the zones of intensive industrial pressure, they were 
caught by ants in great ąuantities, their activities being additionally 
inhibited as a result of staying in the regions with high concentration 
of toxic substances (3, 7). In this zonę the importance of spiders and of 
ants was similar, with simultaneous elimination of predatory ground 
beetles.

Only this group of animals could stay in the zones of the highest 
pollution and was able to adapt to often extremal and specific conditions 
of life. In the region of Tarnobrzeg Sulphur Basin, that group consisted 
of ants, which could regulate in the active way the level of pH in the 
soil in the neighbourhood of ants nests (4, 8). In the region of the Nitro- 
gen Fertilizer Plant in Puławy in the neighbourhood of ants nests, a re- 
markable increase of denitrificational processes (4, 8) was observed, but 
spiders constituted decidedly the dominating group there. This pheno- 
menon is explained thanks to a detailed analysis of microclimatic con
ditions (9, 10, 16) which points to an enormous increase of insolation, 
drying up of the soil and a great difference between the maximum and 
minimum temperatures within twenty-four hours. This seems to con- 
tribute to the elimination of ants.

Great adaptational capabilities of ants are also proved by the fact 
that they took possession of the agrocenoses situated in the highly pollut
ed with dusts regions, in which spiders were eliminated.

To support the regularities enumerated above, one could add that 
the changes in the relations among particular groups of predatory epigeal 
fauna were observed. This observation was madę in the regions with 
the highest emission on the recultivated fields. There, the ground beetles 
and spiders became the dominating group immidiately after the recult-

8 Annales, sectio C, t. XXXVII
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ivation had taken place. Ants were the withdrawing group, in spite of 
the fact that they dominated decidedly on a neighbouring field, which 
was also cultivated, but without any application of recultivation mea- 
sures, whereas the percentage of spiders was Iow.

CONCLUSION

1. In spite of the limited possibilities of building nests, ants constitute 
an important group of predatory epigeal fauna in these surroundings, 
thanks to their active penetration of fields.

2. The percentage and importance of ants in agrocenoses increased 
along with the growing destruction of agrocenoses caused by industrial 
emissions. They replace ground beetles and, later, spiders in these agro
cenoses.

3. Due to their social organization of life and capabilities of active 
adaptation to the environment, they replace predatory insects in the 
zones of the greatest environmental modification.

4. Changes in the relations among individual groups of predatory 
epigeal fauna, and particularly ants, prove to be a very important indicat- 
or both of a degree of devastation and restoration of agrocenoses.
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STRESZCZENIE

W latach 1972—1978 w agrocenozach objętych intensywnym oddziaływaniem 
wysokich emisji przemysłowych przeprowadzono badania nad reakcjami mrówek 
jako części składowej drapieżnej fauny naglebowej na zmiany środowiska spowo
dowane tymi emisjami. Badaniami objęto agrocenozy w rejonie oddziaływania Za
kładów Azotowych w Puławach, w Tarnobrzeskim Zagłębiu Siarkowym oraz w Za
głębiu Cementowo-Wapienniczym Nowiny k. Kielc. Zastosowano metodę analizy 
gleby pobieranej przy pomocy cylindra oraz odłów zwierząt w mokre pułapki Bar
bera. Próby pobierano raz w miesiącu w punktach, w których prowadzono komplek
sowe badania rolnicze.

Badania wykazały istotne zmiany stosunków ilościowych w obrębie drapieżnej 
fauny naglebowej w zależności od rodzaju emisji, stopnia zniszczenia środowiska 
oraz efektów jego odbudowy. Na penetrację agrocenoz przez mrówki nie miały 
wpływu emisje pyłowe w Zagłębiu Cementowo-Wapienniczym Nowiny, natomiast 
w rejonie Puław wykazano eliminowanie mrówek, przede wszystkim ze względu 
na radykalną zmianę czynników mikroklimatycznych. W Tarnobrzeskim Zagłębiu 
Siarkowym dzięki możliwościom adaptacyjnym, a szczególnie obniżaniu pH gleby 
w rejonie mrowisk stanowiły one grupę zdecydowanie dominującą w obrębie dra
pieżnej fauny naglebowej. W zależności od rodzaju emisji i stopnia przekształce
nia środowiska zmieniało się nie tylko natężenie penetracji mrówek w agrocenozach, 
ale i skład gatunkowy, a przede wszystkim zmianom ulegały gatunki dominujące. 
Zmiany zachodzące zarówno w obrębie drapieżnej fauny naglebowej, jak i zmiany 
składu gatunkowego oraz dominantów u mrówek były tak znaczne i charaktery
styczne, że mogą znaleźć zastosowanie jako wskaźnik stopnia przekształcenia i od
budowy agrocenoz.
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PE3IOME

1972—1978 rr. b arpoqeno3ax, HaxoA«mnxcH nos HHTencHBubiM BO3se(icTBneM 
npoMbiuijieHHOM 3MMCCMM, 6buin npoBeseubi HccjieaoBanHH Has peaKunew MypaBbeB, 
HBJIHK)mMXCH COCTaBHOH HaCTbIO XMIHHOŻ HanOHBeilHOfł (JjayHbl, Ha M3MeiieHMe cpe- 
sw, Bbi3BanHOfi 3MMCCweH. MccjiesoBaHHHMH 6bijin oxBa'ienbi arponenO3bi b paiłone 
BO3seśłcTBMH a30Tiioro K0M6nnaTa b IIyjiaBax, b TapnoÓJKercKOM cepHOM 6acceHne 
h b ueMeiiTHO-M3BecTKOBOM KOMÓMnaTe HoBHHbi nesajieKO ot KeJibpe. IIpuMeiien 
MeTOs anaJiK3a nouBbi, KOTopaa Bpanacb sjih MccjieflOBanidł npn nOMOiyM ipuiHHApa, 
a TaKHce otjiob jkhbothbix b MOKpbie jiOByuiKH Bapbepa. IIpo6bi Spajwcb oshh pa3 
B MeCHU B Tex nyHKTaX, B KOTOpbIX npOBOSMJIHCb KOMHJieKCIlbie CeJlbCKOXO3HMCTBeH- 
Hbie MCCJieSOBanHH.

MccjiesoBaHHH noKa3ajin cymecTBemibie H3MeneiiHH KOJin'iecTBeniibix OTiiome- 
IIMH B XMIUIIOM HanOHBeHHOH <J>ayHe B 3aBHCHMOCTM OT BHSa 3MMCCHH, CTeneiiH 3a- 
rpH3iieHMH ecrecTBeiiiioii cpeabi h adstfieKTOB ero BOCCTaHOBJieHHH. Ha neneTpaijHio 
arpouen03OB MypaBbHMH ne MMejiH bjihhiimh nbiJieBbie 3mhcchh qeMeiiTH0-H3BecTK0- 
Boro KOM6nnaTa Hobmiiw, b to x<e BpeMH b panone IlyjiaB o6iiapyx<eiio oTcyTCTBne 
MypaBbeB, CBH3anHoe npescse Bcero c pasHKajibiibiM M3MeneiiMeM mhkpokjihm3th- 
Hecxnx (JjaKTopoB. MypaBeiiiiHKM peiuMTejibiio soMHHnpoBajiM b xnmnoń HasnoHBeH- 
noii cfiayiie TapHogjKercKoro cepnoro Bacceiłiia Sjiarosapn nx asanTapHOHiibiM cno- 
co6hocthm, npeJKse Bcero 6jiarosapn cnHHceumo pH nouBbi b paiłone MypaBeftHHKOB. 
B 3aBHCMMOCTH OT BMfla 3MHCCHH M CTeneHM flerpasapHH cpeflbl H3MeiIHJiaCb He TOJIb- 
ko KOHpeHTpauHH neneTpaqnn MypaBbeB b arpoueno3ax, ho h BHflOBOii cocTaB, 
a npeJKse Bcero nosBeprajiMCb M3MeneiiMio soMnnHpyiomne bhsbi. Jl3MeiieiiHH, npo- 
McxosHmne b xnmnoił iianOHBeiiiiOH <J>ayne, b bhsobom cocTase h b cocTaBe romm- 
naHTOB, HacrojibKo 3na'iMTejibHbi m xapaKTepiibi, hto MoryT cnyKHTb noKa3aTejieM 
secfciopMaHHH m BOCCTanoBjienHH arpoqeno3OB.


