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We know more about the movement of 
celestial bodies than about the soil un
derfoot.

L eo nard o  D a  V in c i, c ir c a  1 5 0 0 ’s

Preface -  soil as the basis 
for civilization

For centuries soil and the life in it were of little interest to 
humankind. Two centuries ago, in 1788, Gilbert White called our 
attention to life in the soil. He discussed seven functions of earth
worms: “by boring, perforating, and loosening the soil, and render
ing it pervious to rains and the fibres of plants, by drawing straws 
and stalks of leaves and twigs into it; and, most of all, by throwing 
up such infinite numbers of lumps of earth called worm-casts [...]” 
(A lle n , 1900). The value of earthworms in the soil system is better 
known from Charles Darwin’s classic book The formation o f vegetable 
mould through the action o f worms with observations on their habits. 
However, soil biology began to develop after the Second World War. 
There was no comprehensive publication on the soil fauna until 1950 
when two books with the same title “Bodenbiologie” written by 
Kuhnelt and Franz, summarised the knowledge of soil fauna up to 
that time (V eeresh  &  R a jagopa l, 1988). The situation has not changed 
much since. There are only a few academic books on soil biology, 
and these are not new ones; and soil science is rarely taught at 
universities, at least in Poland. The true enigma is that although 
decomposition is the equal of photosynthesis in ecosystem impor
tance, and half or more of terrestrial biodiversity may be tied to the 
soil-litter system, the study of soil biology has been neglected (W a lte r  
&  P r o c to r ,  1999).

The soil is a living organism of fabulous complexity. Soil systems 
contain some of the most species-rich communities in nature. Most 
authors describe soil communities as being amongst the most 
species-rich components of terrestrial ecosystems (Anderson , 1975a, 
1978; G h ila ro v , 1977; S tan ton , 1979). Well-developed temperate 
woodland soils may contain up to a thousand species of soil fauna



(Anderson , 1975a). The calculation made by Fittakau &  K lin g e  (1973) 
is even more impressive; they estimated that 80% of the total animal 
biomass in the Amazonian rainforest is soil fauna. U sh er et al. (1979) 
used impressive words to describe soil communities as “the poor 
man’s tropical rainforest”. It is noteworthy that only a proportion 
of all the soil animal species has been described and very little is 
known about their role, community structure and dynamics.

Research concerning soil is not purely an academic subject. The 
soil is the very basis of earth’s productivity. It is fundamental to 
agriculture and forestry, water purification and biogeochemical 
cycling, and is the grounding for civilization (B e h a n -P e l le t ie r  &  
N ew ton , 1999). This is particularly true where human activity tends 
to induce irreversible disturbances (Lebrun, 1979). At a time when 
demographic pressure is too high, and when the needs of human 
population are intense and immense, it is wise to realize that the 
soil is central to human survival. Meanwhile, soil biology has fallen 
somewhat behind advances in the understanding of other types of 
communities (G i l l e r ,  1996). Soils are still the least understood 
habitats on Earth, while also being among the most biologically 
diverse (B e h a n -P e lle t ie r  &  N ew ton , 1999).

From both theoretical and applied perspectives, this state of 
affairs is surprising from three points of view (G i l le r ,  1996).

1. Firstly, in terms of the importance of soils to global biodiversity.
2. Secondly, in terms of the ecosystem processes, in particular 

those that occur in the soil. The soil performs a fundamental role 
as the location where 60% to 90% of terrestrial primary production 
is decomposed. Soil fauna appears to be the major regulatory agent 
of soil processes affecting the physical and chemical fertility of soils. 
Moreover, a full understanding of above-ground ecosystem processes 
is not possible without consideration of processes occurring in the 
soil (May, 1997; O s le r  &  B ea tt ie , 2001).

3. Thirdly, soil fauna can offer a suite of bioindicators for clas
sification of soils and detection of disturbances and pollution.

The place of mites, which are the subject of this study, within 
the soil, is important. Their quantitative and qualitative roles in 
energy flow are not fundamental; however, their interactions with 
other members of soil biota are of great ecological meaning. The 
contribution of Acarology to the understanding of our “black box”, 
which may be a good description of the soil system, could be 
immense.



Acknowledgements
The author would like to thank Mrs Ewa Skipirzepa, Ms Sabina 

Słomian and Dr. Aleksander Stodółka for excellent technical assis
tance. I must especially acknowledge Ms Krystyna Pilarczyk for her 
great effort in sampling, extracting and sorting the microarthropods. 
I wish to express my grateful thanks to Prof. Wojciech Niedbała 
(A. Mickiewicz University in Poznań) and Prof. Stanisław Seniczak 
(University of Technology and Agriculture in Bydgoszcz) for confirm
ing identifications of Phthiracaridae and juvenile forms, respectively.

I am also grateful to Dr. Zbigniew Wilczek and Dr. Gabriela 
Woźniak (University of Silesia) for making phytosociological surveys 
of the study sites. Many thanks to Dr. Tomasz Zaleski (Agriculture 
Academy in Cracow) for undertaking chemical and physical analy
ses of soil and Dr. Ryszard Kulik (University of Silesia) for taking 
excellent photos of the study sites. I wish to thank Dr. hab. Jerzy 
Błoszyk (A. Mickiewicz University in Poznań) and Dr. Ritva Niemi 
(University of Turku, Finland) for making SEM-photos of selected 
oribatid species.

I warmly thank Dr. John Parker (Forest Research, Alice Holt 
Lodge, United Kingdom) for checking the manuscript. Last but not 
least I thank my wife Elvira and daughter Kaja for their forbear
ance in the period of my scientific inquiries and preparation of the 
book.

The studies were supported by grant project No. 6 P04F 035 18 
from the Polish State Committee for Scientific Research and by the 
grant projects “Colonization of post-industrial dumps by sapropha- 
gous oribatid mites (Acari: Oribatida)” (1998) and “Studies on 
succession of oribatid communities (Acari: Oribatida) on post-indus- 
trial dumps” (1999) from the University of Silesia.

I dedicate this book to those scientists whom I have met in Poland 
and abroad and who have supported me in my scientific career by 
interesting discussions and helpful comments. Special thanks to 
Prof. Paweł Migula (University of Silesia) and Prof. Henryk Sko
limowski (Ann Arbor University in Michigan, U.S.A., Department of 
Ecological Philosophy at Technical University in Łódź) who have 
always shown personal interest in my scientific and private life and 
have supported me in the fields of ecology and environmental 
philosophy.





Mites (Acari) are representatives o f the 
taxonomic dilemma facing researchers 
who study soil ecosystem processes.

B e h an - P elletier  &  N e w ton  (1 9 9 9 )

Chapter i . Introduction

1.1. Oribatid mites -  life hidden in the soil

Oribatida or moss mites are small, chelicerate arthropods, im
portant representatives of mites (Acari). Mites are ubiquitous and, 
with the exception of the open oceans, they exist in every sort of 
terrestrial, aquatic, arboreal and parasitic habitat (W a lt e r  &  P r o c 
to r ,  1999). They are found at eveiy elevation and every latitude, from 
the Arctic to the Antarctic. Mites have a diversity of function in the 
ecosystem, as shown by the range of feeding guilds to which they 
belong (M o o r e  et al., 1988). They include predators, parasites, fun
gal feeders, root feeders, bacterial feeders, omnivores, and scaven
gers (K ran tz, 1978). Ignoring mites, however, is a mistake. They are 
not passive inhabitants of ecosystems; rather they are strong 
interactors, important indicators of disturbance in ecosystems and 
major components of biological diversity (W a lt e r  &  P r o c to r ,  1999). 
More than any other habitat, the soil litter stratum is the province 
of mites. Two-thirds of the mite fauna occur in this habitat (W a lt e r  
et al., 1996). Any true understanding of the soil system must in
clude knowledge of the mite fauna.

Oribatid mites have successfully invaded all compartments of the 
biosphere (Bern ini, 1986). They constitute the main component of 
acarine populations in the soil. They are not confined to the soil, 
however, and may occur in considerable numbers in the above
ground parts of vegetation, among aquatic plants, in stored food, 
in the marine littoral zone, and in house dust. Temperate forests 
with well-developed surface organic layers and a predominance of 
fungal over bacterial decomposition are home to the highest diver
sities of oribatids. Oribatid mites can comprise about 50% of the



to ta l m ic roa rth rop od  fa u n a  (G onzalez & S eastedt, 2000). D en s it ies  
o f  50 000-250 000 or m ore  m ites  per squ are m etre  in  th e  u p p e r  
10 cm  o f so il a re  com m on ly  rep orted  (Petersen , 1982). R ajski (1961) 
reco rd ed  in  the P r im a eva l B ia ło w ie ża  F ores t a  co u n t o f  1 m illion  
o r ib a tid  m ites  p e r  sq u a re  m etre . B u t even  th e  d r ies t, h o tte s t  or 
co ld es t o f  so ils  are d om in a ted  b y  A cari, an d  its m ost con sp icu ou s  
rep resen ta tives  -  o r ib a tid  m ites  (W alter &  P roctor, 1999). N u m er
ous p ecu lia r , ep h em era l an d  sm a ll h a b ita ts , su ch  as du n g , b ird  
nests, lich en  thallus, m osses , fu n ga l m ycelia , m u sh room s, the in s ide 
o f  con ife r  n eed les , fo od  p rod u c ts , etc., are co lon ized  b y  o r ib a tid s  
(Lebrun &  V an Straalen, 1995). E ven  m ore p ecu lia r m icroh ab ita ts  can 
p ro v id e  a  h om e fo r  o r ib a t id s , e .g . lu m b r ic id  g a lle r ie s  (L ebrun &  
W authy, 1981), aeria l roo ts  o f  orch ids  (D enmark &  W oodring , 1965), 
cav ities  o f  cu rcu lion id  beetle  e ly tras  (G ressit et a l., 1966), o r an t 
n ests  (A oki et al., 1994). E ven  the m an -m ad e  en v iron m en t has b een  
in vad ed  by  som e en d em ic  sp ec ies  b e lon g in g  to the d o m estic  gen u s 
Cosmochthonius or sp ec ies  o f  Trimalaconothrus liv in g  in  e n v iro n 
m en ts  su ch  as sw im m in g  poo ls  (Tagami et a l., 1992). O lszanowski 
(1996) fou nd  oriba tids  in  an aqu ariu m . O riba tid s  are a lso  frequ en tly  
a  d o m in a t in g  g ro u p  a m o n g  m ic ro a r th ro p o d s  on  p o s t- in d u s tr ia l 
w as te lan d s  (Davis, 1963; S kubała, 1995). No in fo rm a tion  is a va ilab le  
co n ce rn in g  the g rou n d -w a te r  su bsystem , a lth ou gh  o r ib a tid s  cou ld  
live  in  u n d e rg rou n d  stream s and  lakes, as su gges ted  b y  th e ir  p re s 
en ce in  co ld  sp rin gs (L ebrun & V an Straalen, 1995). In co n c lu s ion  
w e can  say  th a t a ll n ich es  co n ta in in g  o rgan ic  m a tte r  co n ten t are 
co lon ized  b y  o r ib a tid s , u su a lly  in  h igh  n u m bers .

Oribatid mites constitute the order richest in species in the 
subclass Acari. Together with the Actinedida (Prostigmata), Acaridida 
(Astigmata) and Endeostigmata they constitute a group of mites of 
common origin called the Acariformes (Z achvatkin , 1947) or 
Actinotrichida (H ammen , 1972). Their evolutionary history is appar
ently a long one. They have the richest fossil record of any mite 
group, dating back to the Devonian, or 420-430 million years ago 
(C oleman &  C rossley, 1996). The origin and phylogeny of the mites 
and oribatids is not clear yet. And the systematics of the Oribatida 
is therefore not finally accepted by the society of acarologists. The 
Oribatida are grouped in two supercohorts: Oribatida Inferiores or 
“lower oribatid mites” and Oribatida Superiores or “higher oribatid 
mites” (G randjean, 1954, 1969). Lower oribatid mites include five 
cohorts -  the Palaeosomata, Enarthronota, Parhyposomata, Mixo- 
nomata and Desmonomata (G randjean , 1954, 1969). Oribatida 
Inferiores may be broadly characterized as species with contiguous 
genital and anal shields occupying the entire length of the genitoanal 
field, and with leg tibiae and genua of uniform length and shape



(K ran tz, 1978). The great majority of described Oribatida belongs to 
Oribatida Superiores. The supercohort may be broadly character
ized as aptychoid species with rounded, generally well separated 
genital and anal fields on a distinct ventral shield, and with leg tibiae 
distinctly longer and of a different shape than the adjacent genua. 
It comprises two cohorts -  the Brachypylina and the Poronota. 
Cohortal separation is based on presence or absence of dorsal pores 
and pteromorphae (K ran tz, 1978).

Oribatids are a highly morphologically diverse group of mites. The 
species diversity and the variability within species greatly differ in 
separate morpho-ecological types. K rivo lu tsky (1965, 1968, and 1995) 
divided oribatids into 6 groups, including 16 morpho-ecological 
types. These groups are: inhabitants of the soil surface; small 
dwellers in narrow soil pores; deep-soil weakly sclerotized oribatids; 
inhabitants of the substrate, able to widen the pores; non-special- 
ized forms; and inhabitants of wet habitats and aquatic systems.

Oribatid mites in general have conservative life histories. N o r to n
(1994) claimed that a low metabolic rate is the “driving force” of the 
oribatid life cycle. A low metabolism results in slow development, 
low reproductive output, limited body size and energy storage, and 
a long adult life. Iteroparity is common in oribatids and “X-selected” 
species prevailed because of the energy costs of maintenance require
ments and dispersal (Fig. 1). All these characteristics may result in

low metabolism

slow develoDment low fertility limited body size 
and energy storage

long life

1
stable populations

_  rapid increase in abundance

long development 
and long life

survival during food shortage

Fig. 1. Oribatid mite life strategy



ra ther stab le popu la tions as dem on stra ted  by  m an y au thors (Lebrun, 
1964; M itch e ll, 1977; Schatz, 1985). Th e d eve lop m en t tim e o f o r i
batids is gen era lly  lon g  and  is w o rth y  o f  reg is tra tion  in  the Guinness 
Book o f Records. Th e record  in  th is  con tex t is h e ld  b y  the b o rea l 
inhab itan t Ceratozetes kananaskis. Its m ean  deve lopm en t tim e is 770 
days, w h ile  the adu lt life sp an  app roach es  4 yea rs  (M itch e ll, 1977). 
Lon g  d eve lop m en t and  lon g  life  resu lts  in a  low  ca p a c ity  fo r p o p u 
la tion  increase. O riba tid s are ab le to su rvive fo r a  lon g  period  d u rin g  
food  sh ortage. T h ese  con stra in ed  “ K  a ttr ib u tes ” are p le s io typ ic  fo r 
o riba tid s  an d  have o ften  p layed  a  ro le in p read ap ta tion  o f sp ec ies 
in v a d in g  ex trem e h a b ita ts  (Bücking et a l., 1998). M ost o f  th ese  
ch a ra c te r is t ic s  are u n u su a l an d  illu s tra te  w h y  O r ib a tid a  a re  an 
excep tion  w ith in  the acaro log ica l w orld  (Lebrun & Van Straalen, 1995).

Thelytokous parthenogenesis is again peculiar to oribatids. Many 
hundreds of species of oribatids are parthenogenetic, and never pro
duce functional male offspring (W alter &  P roctor, 1999). Approximately 
10% of the species studied exhibit this clonal mode of gene-pool trans
mission and maintenance. Perhaps 1% of known insect species and
0.1% of known members of the animal kingdom are obligated 
parthenogens. In this respect, oribatid mites present a striking anomaly 
(Lebrun &  V an Straalen, 1995; N orton &  Palmer, 1991).

Surprisingly, knowledge of feeding biology of oribatid mites is poor 
and the available information is in part contradictory. Unlike the 
vast majority of other Arachnida, which adopted a carnivorous mode 
of life, oribatids are, for the most part, vegetarian. Gut content 
analyses indicate that most oribatid mites ingest a wide range of 
food materials including spores of various fungal species, living and 
dead plant material, moss, lichens, conifer pollen and carrion (Behan- 
P elletier &  H ill, 1983). Dietary features include poor nutritive value 
of ingested food, relatively low ingestion rates, and consequent 
minimal assimilation rates (B erthet, 1964a; L uxton , 1972, 1979; 
W allw ork , 1983), which constrain their life-history parameters 
(Norton , 1994).

Mites link together many components of soil food webs and a 
study of their behaviour can shed light on our understanding of 
ecosystem functioning (W alter &  P roctor, 1999). Unfortunately, 
rather little information is available on their relationships with other 
soil biota in comparison with other soil arthropods (W allwork, 1983). 
Let’s consider the present knowledge on the role of oribatid mites 
in the soil system.



The dormant microbes require the “kiss” 
of arthropod “Prince Charmings” to 
awaken.

W alte r  &  P rocto r  (1 9 9 9 )

1.2. Oribatids perform an important 
“ecological service”

The sheer numbers of oribatids, at least in most soil systems, 
suggest that they play key, but still virtually unexplored, roles in 
their environment (soil). It is generally accepted today that oribatid 
mites are responsible for the indispensable process of 
antiphotosynthesis, achieving this by small, multiple and comple
mentary stages that are a direct result of the species diversity of 
this group (W a llw o rk , 1976). Mites play an essential part in the 
biological fertility of the soil and they affect soil energetics. Their 
activity contributes greatly to organic decomposition, the synthesis 
of humus, the restitution of biogenic elements, and the stimulation 
of fungal and bacterial metabolism (C ro s s le y , 1977a; Lebrun, 1979; 
N o rto n , 1986; Rusek, 1975). It is noteworthy that oribatids are the 
most important group of arachnids from the standpoint of direct and 
indirect effects in the development and maintenance of soil struc
ture in organic horizons (M o o r e  et al., 1988; N o r to n , 1986). Many 
species sequester calcium and other minerals in their thickened 
cuticle (N o rto n  &  B eh a n -P e lle t ie r , 1991). Thus, their bodies may form 
important “sinks” for nutrients, especially in nutrient-limited envi
ronments (C ro s s le y , 1977b).

Fou r m a jo r p rin c ip les  can  be taken  in to  accou n t co n ce rn in g  the 
pa rticu la r  fu n ction s o f oriba tid  m ites.
• The result of mechanical breakdown and fragmentation is to 

increase the active surface of litter, enhancing its colonization by 
microorganisms, especially saprophytic fungi. The oribatid activ
ity facilitates and accelerates the leaching of hydrosoluble ele
ments and hydration of the organic matter (B e h a n -P e lle t ie r  &  H il l ,  
1983; C u rry , 1969; Witkamp, 1971).

• The digestive transit ensures physical and chemical change as well 
as biological breakdown. This is accompanied by a mixing of 
mineral and organic elements and microorganisms (Lebrun, 1979).

• The production of faecal pellets creates a highly fertile environ
ment. It facilities growth of roots and the germination of seeds 
(H a a r lö v , 1960; Lebrun, 1979; Pande &  B e r th e t , 1973). The con
sumption of dead roots by saprophagous oribatids is also of great 
importance because it considerably increases soil porosity and the 
development of humus (Lebrun, 1979).

2 -  Colonization. 17



• T h e  g ra z in g  o f  m ites  s tim u la tes  m ic ro flo ra l a c tiv ity . T h is  fu n c 
tio n  m a y  be o f  m a jo r  im p o r ta n ce . T h e y  a id  th e  d is p e rs a l o f  
b a c te r ia  and  fu n g i, b o th  e x te rn a lly  on  th e ir  b o d y  su r fa ce  an d  
b y  in g es tin g  sp ores  th a t su rv ive  passage  th ro u gh  th e ir  a lim e n 
ta ry  tra c t (B ehan-P elletier & W alter , 2000 ). M ic rob es  h ave  l im 
ited  a b ilit ie s  to  m ove from  one resou rce  p a tch  to  another. O n ce 
the en ergy  in  a  p a rticu la r  p a tch  has b een  exp en d ed , m ic ro b a l 
b io m a ss  sh u ts  dow n  an d  rem a in s  d o rm a n t u n til n ew  resou rces  
b ecom e ava ilab le . Lavelle (1997 ) d esc r ib ed  th is  p h en o m en o n  as 
the “ S leep in g  B eau ty  P a ra d o x ” . W alter 8s P roctor (1999 ) c la im ed  
th a t “d o rm a n t m ic rob es  req u ire  the »k iss« o f  a rth rop od  »P rin ce  
C h a rm in gs « to a w a k en ” . T h u s , m ic rob ia l p rop a gu les  a re  m ixed  
w ith  fresh  resou rces  in  the fa eca l p e lle ts  an d  are tra n s p o rted  
to n ew  sites.
S om e da ta  su p p ort the v iew  that o riba tid s  are essen tia l fo r  e f

fic ien t d ecom p os ition  and  n u tr ien t cyc lin g . N ea rly  56%  o f  the net 
p ro d u c tio n  o f  fu n g i is co n su m ed  b y  m yco p h a go u s  m ite  sp ec ies  
(M c B ra y e r  et a l., 1974). B u tc h e r  et al. (1971) es tim a ted  th a t adu lt 
o r ib a tid  m ites d irec tly  m etab o lise  on ly  1.8% o f the en ergy  in  fo rest 
litter, even  th ou gh  in  one y ea r  th ey  in gest an  a m ou n t o f  m a ter ia l 
equ a l to abou t 50%  o f  an n u a l le a f fa ll. G h ila ro v  (1963 ) p roved  th a t 
organ ic  d ecom p osition  is five tim es faster w h en  m icroorgan ism s and  
m ites w o rk  toge th er than  b y  m icroorgan ism s a lone. E ven  th ou gh  
th ese  gen era l ch arac ter is tics  o f  o r iba tid  m ites are kn ow n , th e  ro le 
o f  m ost m ite sp ec ies in  ecosys tem  fu n c tion in g  is u nclear, as is the 
case  w ith  o th er grou p s o f  so il o rgan ism s (B e h a n -P e lle t ie r  &  N ew ton , 
1999).

In  v ie w  o f  th is , an d  s in ce  th ey  n o rm a lly  e x cee d  m o s t o th e r  
arth rop ods in  a b u n dan ce  and  d ivers ity  (see n ex t p a rt o f  th is  ch a p 
ter), o r ib a tid  m ites  sh ou ld  be rega rd ed  as “k ey  in d u s try ” an im a ls  
in  d ecom p oser food  ch a in s (W a llw o rk , 1983).



We must take it for granted that a large 
part of the mite fauna of the world will 
remain unsampled, unnamed, and un
classified (not to mention unwept, 
unhonoured, and unsung) for decades to 
come.

M a y  (1 9 7 8 )

1.3. Contribution of oribatids to global biodiversity

Exploring the diversity of life will be one of the essential topics 
in 21st century ecology. The importance of biodiversity arises from 
the fact that the world depends on self-sustaining biological sys
tems that include many kinds of organisms. Knowledge of 
biodiversity is required to understand the natural and artificial 
changes it may undergo. Furthermore, such knowledge permits the 
wise use and management of ecosystems, both as elements of 
natural heritage and as reservoirs of actual and potential resources. 
Biological diversity has been used to refer to almost any measure 
(taxonomic, numerical, genetic, etc.) of the variety of organisms that 
live in a particular place. Three dominant themes can be distin
guished in this field, namely:
• a ccou n tin g  fo r  the d ivers ity ,
• d e te rm in in g  h ow  th is d ivers ity  is m a in ta ined ,
• en u m era tin g  p r in c ip a l fu n ction s p rov ided  b y  the d ivers ity  o f  life.

M on ito rin g  the v ita lity  o f  so il b io ta  is one o f  the a ccep ted  issu es 
to be fou nd  in  the G loba l D ivers ity  A ssessm en t (H eywood &  G ardner, 
1995). T h e  ra tion a le  fo r in c lu d in g  a rth ropods in  b io d ive rs ity  s tu d 
ies has b een  es tab lish ed  (D idham et al., 1996; E hrlich, 1988; W il
son, 1988; V erhoef & B russard, 1990; W inchester, 1997). Th e co n 
trib u tion  o f  m ites to g loba l b iod ive rs ity  is fa r  from  b e in g  a p p rec i
a ted . M ite  an d  o r ib a tid  b io d iv e rs ity  m ay  be on e o f  the r ich es t 
reservo irs o f  species in  the w orld . W alter &  P roctor (1999) presen ted  
the h yp o th es is  abou t lik e ly  m ite m egad ivers ity . T h ere  are a p p rox i
m ate ly  45 000 nam ed  spec ies o f  A ca ri (Tab le 1). R ecen t es tim a tes  
o f  g loba l a ca rin e  d ivers ity  ran ge from  be tw een  h a lf to over 1 m illion  
species (W alter & P roctor, 1999). So the n u m ber o f  sp ec ies o f  m ites 
d esc r ib ed  so fa r  is es tim a ted  to rep resen t b e tw een  4%  an d  8%  o f 
to ta l m ite  d ivers ity . As rega rd s  o r ib a tid  m ites , 11 ,000 sp ec ies  in 
m ore th an  1100 gen e ra  h ave b een  d esc rib ed ; th e ir  to ta l sp ec ies  
rich n ess  cou ld  be 3 to 10 tim es h igher. In tem p era te  reg ion s , the 
a ca ro fa u n a s  are ce r ta in ly  d iverse , b u t n o t e x cep tio n a lly  so. If the 
A ca ri a re  a  h yp e rd ive rse  grou p , th en  the m a jo r ity  o f  th em  w a it  to 
be ex p lo red  in  th e  a c a ro lo g ic a lly  u n e x p lo re d  tro p ic s  (W alter  &  
P roctor, 1999).



T a b l e  1
Current and expected diversity in mites (Acari)

Families Genera Species
Species estimates

minimum maximum
Opilioacariformes 1 9 17 85 170
Parasitiformes

Holothyrida 3 9 32 160 320
Ixodida 3 12 880 1 000 1 200
Mesostigmata 73 567 11632 97 520 200 500

Total 79 588 12 544 98 680 202 020
Acariformes

Endeostigmata 11 25 120 1 200 2 400
Sarcoptiformes

Oribatida 150 1 100 11 000 33 000 110 000
Astigmata 70 627 4 500 90 000 180 000

T rombidiformes 120 1 323 17 050 317 250 637 500
Total 351 3 075 32 670 441 450 929 900

Total Acari
Percentage of species described 
to date

431 3 672 45 231 540 215 

8,4

1 132 090 

4,0
Source: WALTER & PROCTOR (1999).

The future of oribatids with respect to biodiversity does not look 
very optimistic. Numbers of described taxa increase annually, but 
the Oribatida although fascinating and diverse, is not widely stud
ied by taxonomists. Only eight scientists work with oribatids in 
Poland. Data on mites and on oribatid diversity in tropical ecosys
tems is especially rare (W alter &  P roctor, 1999). The reasons for 
this neglect are the minute size of individuals (0.1 to 3 mm in length), 
difficulty of identification, their cryptic habits, and their relative lack 
of economic importance.

C on tin u in g  b iod ive rs ity  losses  and  the ever-w orsen in g  q u a lity  
o f  the en v iron m en t are w e ll-d o cu m en ted  facts. S c ien tis ts  d iffe r  in  
es tim ation  o f  th is p rocess. A cco rd in g  to con serva tive  ca lcu la tion s  
m ore th an  13 spec ies b ecom e ‘ex tin c t each  day. A cco rd in g  to p e s 
s im is tic  es tim a tion s, it is po ss ib le  that 410 spec ies d isap p ea r every  
day  (Goodland, 1991). Lega l en v iron m en ta l constra in ts to stop  losses 
o f  b iod ive rs ity  are still la rge ly  u n sa tis fac tory . T h e  sc ien tific  com m u 
n ity  does in su ffic ien t w ork  on th is p rob lem . L ebrun 8& V an Straalen

(1995) u n d erlin ed  the ob s tin acy  o f sc ien tis ts  w h o  w ish  to u n d e r
s tan d  com p le te ly  a ll the m ech an ism s in vo lved  be fore sou n d in g  the 
a la rm  bells. W alter 8s Proctor (1999) w rite  abou t the p resen t w or ld  
fa sc in a ted  b y  m o lecu la r m an ia , bu t w h ere  little  a tten tion  is g iven  
to d im in ish in g  d ivers ity  and  the destru c tion  o f  natu re. A s  rega rd s  
a n im a l b io d iv e rs ity , a  v e r te b ro c e n tr ic  v ie w  is ra re ly  q u es t io n ed , 
w h ereas  in verteb ra tes  m ake u p  95% o f an im a l b iod ive rs ity . Do w e



also have a significant decrease in oribatid mite species in the world? 
Will species seen only under microscope disappear and will we not 
even record this lost? There are no answers to these questions. We 
do not have any calculations or suspicions. It is also one of the 
reasons why acarology is a fascinating discipline.

1.4. Oribatids in biomonitoring studies

The use of bioindicators to derive biological information on certain 
environmental variables has a long tradition, especially in botany. 
The potential indicator value of soil invertebrates has often been 
emphasized by authors (Van S tra a len  &  V e r h o e f,  1997). As for the 
arthropod fauna, field studies have revealed correlations between 
groups of species and certain soil factors (H ägvar &  Abrahamsen, 1984; 
Ponge, 1993), but no system for bioindication has been proposed 
(Van S tra a len  &  V e r h o e f,  1997). Living in almost all biosphere mi
crohabitats, oribatid mites are certainly an appropriate group for 
surveying all the environmental compartments to detect any struc
tural or functional damage. This is particularly true for the soil where 
oribatids display high densities and diversities and so are well suited 
for biomonitoring studies (Lebrun &  Van S tra a len , 1995; W a lt e r  &  
P r o c to r ,  1999).

Oribatid species and their communities offer several advantages 
for assessing the quality of terrestrial ecosystems (B e h a n -P e lle t ie r , 
1999; Lebrun &  Van S tra a len , 1995). Their high densities and diver
sities have been noted previously. They are easily sampled and they 
can be sampled at all seasons. It is noteworthy that oribatids are 
in close contact with defined microenvironmental conditions. When 
sudden changes occur, oribatids are unable to escape: they are 
sedentary or slow moving, lack marked dispersal mechanisms, and 
are therefore subjected directly to conditions of stress. In addition, 
oribatids are directly exposed to toxicants, by contact, by direct 
ingestion of soil particles and soil water, and through food-chain 
transfer (Fig. 2). In general, oribatids fulfil most criteria listed by 
Cranston (1990) in assessing the suitability of taxa for biomonitoring. 
However, there are also negative aspects of the use of oribatids in 
bioindication studies, e.g. their small size, difficulties in identifica
tion, the abundance of individuals often encountered, some diffi
culties in standardising sampling and extraction, and time taken 
in sorting (Hunt, 1994).



in direct contact with rapid reaction
microenvironmental conditions to stress factors

OBSTACLES

difficulties in standarising lack of taxonomic knowledge 
sampling and extraction (especially juvenile forms)

Fig. 2. Oribatids in biomonitoring studies

Mites are becoming increasingly used as bioindicators in soil. 
Oribatids may demonstrate the impact of various human activities:
• a i r  p o l lu t io n  (A n d r £ &  L e b r u n , 1984; B e r in a  e t  a l . ,  1989; S e n ic z a k  

e t  a l . ,  1997, 1998; S t e in e r , 1995),
• acid rain (H ä g v a r  &  Am undsen , 1981; H en egh am  8s B o lg e r ,  1996),
• cultivation (D ek k e rs  et al., 1994; E h rn s b e rg e r  8s B u tz -S tra zn y , 1993; 

F ran ch in i 8 s R o c k e t ,  1996),
• burning (A n t o n y , 2001; N o b le  et al., 1989),
• use of fertilizers (G a t i lo v a ,  1970; K osk en iem i 8s H u h ta , 1986; 

Ż yrom sk a -R u d zk a , 1976),
• use of herbicides and insecticides (B h a t ta c h a ry a  8s J o y , 1980; 

E d w a rd s  8s L o f t y ,  1969; H o y , 1990; K o e h le r ,  1987; M u e l l e r  et al.,
1990),

• r a d io a c t iv e  p o l lu t io n  (K r iv o lu ts k y , 1979; K r iv o lu tsk y  8s P o k a r z h e v s k i,

1991),
• forest harvesting (A n t o n y , 2001; H u h t a , 1976),
• reclamation of post-industrial dumps (C r o s s  8 s W ilm a n , 1982; 

D u n g e r  et al., 2001),
• soil contamination (Dennem an 8s V an  S t r a a le n ,  1991; L u d w ig  et al., 

1991; Salm inen  8s Su lkam , 1997; S ie p e l,  1995a; V an  S t r a a le n  et al., 
1989),

• sewage water irrigation (D in d a l , 1977),
• trampling (B o r c a r d  8s M a tth e y , 1995; S c h a tz , 1983a).



Linden et al. (1994) list the different properties of soil animals, 
which can be potentially used as indicators of soil quality.
• Use of single organism characteristics. There have been nu

merous studies on the ecological and reproductive response of 
oribatid species in the past decade (B e h a n -P e lle t ie r , 1999). S iep e l
(1996) has shown how effective this approach can be in predict
ing species loss. Nevertheless, this method will become more 
precise, useful and widely adopted as knowledge of taxonomy and 
ecology of species improves. No datasets exist to illustrate our 
knowledge on habitat and niche profiles of oribatid species (Behan- 
P e l le t ie r ,  1999).

• Use of community level characteristics. This approach is more 
advanced. However, knowledge of the taxonomy and ecology of 
species is still needed in order to use this method. Total mite 
density, species richness, dominance or constancy of certain 
species, as well as various biodiversity indexes can be used to 
determine the degree of disturbance. From this dataset, appro
priate indicators can be selected once the stress has been defined 
(Linden et al., 1994).

• Use of biological process level. This method is still at a prelimi
nary stage. Rusek (1986) presents an interesting example of this 
approach. He studied the structure of oribatid faeces and its 
contribution to soil structure.
Several authors have discussed the advantages of using oribatids 

in bioassay work and as ecological indicators, and the possibility 
of using the above mentioned approaches, e.g. B eck, 1994a; Behan- 
P e l le t ie r ,  1999; H unt, 1994; Itu rron d ob ie tia  et al., 1997; K rivo lu tsk y , 
1970; Lebrun &  Van S tra a len , 1995; N iedbała , 1983; Van S tra a len , 
1988.



Post-industrial dumps are an “experi
mental range” to study m any ecologi
cal and even evolutionary processes.

T o k a r s k a - G u z ik  &  R o s t a ń s k i (2 0 0 1 )

chapter 2. Save our dumps (SOD) 
as an entity

2.1. Post-industrial dumps as a “unique” 
experiment for ecologists

Post-industrial wastelands are constantly increasing in area; 
some of them may be dangerous to human health (Fig. 3). These 
facts provide the major stimulus for the reclamation and restora
tion of large devastated areas. The reclamation of dumps, especially 
of toxic dumps, is a challenge and is a severe problem of today. For 
this purpose, a knowledge and understanding of soil development
-  mainly induced by soil organisms -  is an important prerequisite 
for any form of soil management on dumps (W a n n e r  et al., 1998). 
From the viewpoint of reclamation, a practice very poorly developed 
at this time, a knowledge of soil fauna development is required as 
an indicator for artificial cultivation techniques (D u n g e r  et al., 2001).

The restoration of disturbed ecosystems has recently received 
increasing attention from ecologists and land-use managers. This 
is due, in a large part, to more stringent government regulations, 
which mandate extensive reclamation procedures followed by bio
logical monitoring efforts (P a r m e n t e r  &  M a c M a h o n , 1987). It seems 
obvious that dumps should at first be managed biologically. In this 
way the negative influence of dumps on the natural environment 
may be limited, and the beauty of the landscape can be improved. 
Nevertheless, vegetation cover on dumps may develop naturally. 
Hitherto, reclamation measures taken on dumps have appeared 
unsatisfactory in many cases despite the high expenditure of money 
and effort. Spontaneous succession of plants is more desirable



Fig. 4. The youngest part o f the coal-mine dump at Zabrze Biskupice
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Fig. 5. The initial plant assemblage with Corynephorus canescens at site 1 on the 
coal-mine dump at Zabrze Makoszowy

Fig. 6. The plant assemblage with Calamagrostis epigejos at site 2 on the coal-mine 
dump at Zabrze Makoszowy



Fig. 7. The plant assemblage with Betula pendula -  Calluna vulgaris at site 3 on the 
coal-mine dump at Zabrze Makoszowy





(Weidemann et al., 1982), but unfortunately the spontaneous process 
of colonization and succession is a long-term process.

Much of the research on land restoration has been devoted to 
the reestablishment of vegetation and vertebrates. Soil fauna has 
been treated marginally in many restoration practices and studies, 
whereas we can obtain useful results for derelict land management, 
acquiring knowledge of all processes during succession on waste
lands. Studies on recolonization of arthropods on wastelands are 
few (Hawkins &  C ross , 1982; M a je r , 1985; M a je r  et al., 1982; Neumann, 
1971; N ic h o ls  &  B u rrow s , 1985; U sh er, 1979), whereas arthropods 
can drastically influence revegetation efforts via herbivory, seed 
predation, litter decomposition, pollination, and soil aeration (M a je r , 
1989a). More empirical studies of these processes on different kinds 
of dumps are urgently needed to better understand the factors 
affecting soil fauna development in a post-industrial landscape 
(F rou z et al., 2001).

The growing area of dumps is a real disaster for humankind, 
although from the viewpoint of soil ecology dumps are not “waste 
land”. They offer a tremendous experimental field in which to study 
the colonization by animals and the development of their commu
nities in this hostile environment. A new habitat for many new 
inhabitants is created as a result of spoilheap construction. A dump 
is a “land” lacking plants and animals, initially with a complete 
absence of soil. Then for a long period the “soil” that is present lacks 
stratification, has insufficient organic matter, few nutrients and an 
inadequate water content. Additionally, what makes post-industrial 
dumps an excellent polygon on which to test ecological hypotheses 
is the simplified and variable relationships between living components. 
Furthermore, they are usually not under threat by prospectors.

The variability of spoil heaps and the range of environmental 
conditions established on post-industrial dumps result in a hetero
geneous environment for soil biota (D u nger, 1991; S ch n eider et al., 
1995; Topp et al., 1992). Furthermore, different reclamation tech
nologies used on dumps also create varied conditions. So ecologists 
get an experiment with many differentiated environmental variables.

2.2. A chance to test successional theories

The origin and progress of successional theory are based on our 
knowledge about primary and secondary succession of plant com
munities, which is well documented (Pu llinen , 1986). Our knowledge 
of succession of soil organisms, particularly soil arthropods, asso



ciated with basic biological parameter changes is significantly poorer 
(Beckmann &  S c h r ie fe r , 1989; H uhta et al., 1979; P iż l,  1992; Scheu  
&  S chu lz , 1996; S ta ry , 1999; S tr e it  et al., 1985; S trü ve -K u sen b e rg , 
1982; TajovskY , 1990). Only a small part of research on succession 
deals with degraded post-industrial biotopes (e.g. Christian , 1993; 
D unger, 1968; Hutson, 1980a; Hutson &  L u ff,  1978; P a rr , 1978; V o g e l  
&  D u nger, 1991). The first worldwide review of the succession of soil 
animals on reclaimed areas was edited by M a je r  (1989a).

Several different pathways of succession are described in the 
literature (M a je r , 1989b).

1. The facilitation pathway
2. The initial floristic composition pathway
3. The tolerance pathway
4. The inhibition pathway
5. The chronic disturbance pathway
These pathways are not mutually exclusive and elements of more 

than one type may be recognized within a particular succession. The 
evidence for these pathways has been derived from the study of plant 
communities (C o n n e ll 8& S la ty e r , 1977). Possibly they are not all 
applicable to heteromorphic succession because of, for instance, the 
mobility of animals (M a je r , 1989b).

The facilitation model assumes that colonization by later suc
cessional species depends upon the early species preparing 
favourable environmental conditions (C lem en ts, 1916; Odum, 1969). 
The inhibition model assumes that irrespective of which species 
colonizes first, the primary colonist will adversely affect the colo
nization of other species by using up resources (B egon  et al., 1986). 
The tolerance model (C o n n e ll &  S la ty e r , 1977) states that later 
invaders simply tolerate the conditions at the site and eventually 
outcompete the pioneers. Competition and mutualistic relationships 
are assumed to be of minor importance in this model. E g le r  (1954) 
(initial floristic composition pathway) claimed that representa
tives of all serai stages may be present very soon after disturbance, 
and that variations in life-history characteristics among the groups 
of species determine the succession. The chronic disturbance model 
(H orn , 1976) pertains to areas suffering chronic disturbance in small 
patches. It proposes that any species is likely to invade an opening 
and that locally a dominant species may be replaced by any num
ber of other species.

Testing the successional theory is one of the most important 
trends in the study of ecosystems at present, and research on dumps 
can contribute a lot to this approach (S tarY , 1999). Dumps seem 
to be an excellent tool for the study of biological communities in 
relation to environmental gradients. We may wish to know as much



as possible about colonization by flora and fauna in order to direct 
or accelerate development of modified ecosystems (D avis, 1986). 
Oribatid mites are especially useful in successional research; they 
are sensitive to small differences in environmental factors (only a 
small percentage of oribatids are ubiquitous) and their species pool 
is large (V erschoor &  K rebs, 1995).

2.3. Oribatids on dumps

If the su ccess ion  o f  vege ta tion  on  p ost-in d u str ia l w as te lan d s  is 
to be d escrib ed  then  som e u n d ers ta n d in g  o f the fa u n a  assoc ia ted  
w ith  p lan ts  and  o f d ecom p os ition  in  the so il seem s im pera tive . Th e 
deve lopm en t o f  te rres tr ia l popu la tion s in  areas w h ere  su ch  p o p u 
la tion s d id  n o t p rev iou s ly  ex is t or had  been  e lim in a ted  has been  
s tu d ied  b y  a  n u m b er o f  w orkers . H ow ever, o r iba tid  m ite  com m u 
n ities , w h ich  p o ss ib ly  a lso  p lay  a  fu n d am en ta l ro le  on  w aste  tips, 
have b een  n eg lec ted  b y  eco log ists . D unger (1968) u n d ertook  w ork  
on the d eve lop m en t o f  so il fau n a  on  pos t-in d u str ia l du m ps. For the 
findings o f  D u nger and h is co-w orkers see B eck (1994b). His research  
on du m ps in  E ast G erm an y  still con tin ues. U n fortu n ate ly , o r iba tids 
h ave  b een  look ed  at in  d e ta il on ly  in  som e o f  D u n g e r ’s s tu d ies . 
M oreover, h is in vestiga tion s  dea l w ith  one type o f p o s t- in d u str ia l 
dum p, the op en -cas t m in in g  areas. B ase lin e  da ta  con cern in g  the 
deve lopm en t o f  m ite com m u n ities  on  dum ps are still lack ing. Few  
studies deal w ith  oribatids in deta il (Table 2 and 3). Q u alita tive  da ta  
on oribatids cou ld  be on ly  found in  h a lf o f  the papers, e.g. Babenko, 
1980; B eckmann, 1988; B ielska, 1982a, b, 1995; B ielska &  Paszewska, 
1995; F rouz et al., 2001; H ubert, 2001; L uxton, 1982; Stebaeva &  
A ndrievskii, 1997; Ż bikowska-Z dun, 1988. I have p e rson a lly  s tu d ied  
a  b road  se lection  o f d iffe ren t du m ps and have pu b lished  resu lts  in 
variou s papers (Table 3). These articles cover 10 d iffe ren t types o f 
dum ps, e.g. coa l-m ine dum ps, iron  m eta llu rg ic  dum ps, z in c dum ps, 
dolom itic dum ps, m ine sedim entation  tank, dum ps o f chem ical plants, 
ga len a -ca lam in e  w as te lan d s  an d  others . P rec ise  q u a n tita tiv e  and  
qua lita tive da ta  on oribatids w ere ana lysed  in  all o f  these studies.

With regard to the acronym in the heading of this chapter -  SOD
-  which means Save Our Dumps, it seems to be proven enough. 
Some other scientists have put forward such proposals in the past. 
It was not only the important value of the vegetation that inspired 
them (Tokarska-G uzik & R ostański, 2001; W ierzbicka &  R o stański, 
2002). Historical conditioning and widely understood touristic and



T a b l e  2
Chronological list of publications of Oribatida on post-industrial dumps

Type of a dump Country
Quantitative

analysis
Qualitative

analysis References

O p en -cast qu a rry in g E ng land yes no D avis, 1963
fo r  iron ston e

B row n-coa l spoil heaps G erm an y yes yes
(partly)

D unger, 1968, 1978, 
1989 et al. (see B eck, 
1994)

R ecla im ed  p it heap E n g lan d yes no H utson , 1972

Lead  m ine spo il heaps E n g lan d yes no W illiamson &  Evans, 
1973

B row n -coa l spo il heaps G erm an y yes no B ode, 1975

Brown-coal m in ing sites G erm an y yes no H ermosilla, 1976

C oa l sha le  p it-heaps ♦England yes no H utson &  L uff, 1978

D u m ps o f  open  rock R u ss ia yes yes B abenko, 1980
m in es

R e fu se  tips G erm an y yes no B rockmann e t a l., 1980

R ecla im ed  coa l p it heap E n g lan d yes no H utson, 1980a, b

M ine dum ps Polan d yes yes B ielska, 1982 a, b

R efu se  tips G erm an y yes no B rockm ann  &  K o e h le r , 

1982

Rubble dumps G erm an y yes no K o e h le r , 1983

C oa l-sh a le  tips E n g lan d yes yes L uxton, 1982

R efu se  tips G erm an y yes (partly)
no

W eidemann e t a l., 1982

Rubble dump G erm an y yes yes B eckmann, 1988

R ecla im ed  m ine dum p Polan d yes yes Ż bikowska-Z dun, 1988

M ine and ash  dum ps Poland yes yes B ielska, 1995

R ecla im ed  ash  du m ps Polan d yes yes B ielska  &  P a sz e w sk a , 

1995

B row n  coa l dum ps S iberia yes yes S tebaeva  &  A n d r ie v s k ii, 

1997

R ec la im ed  op en -cas t G erm an y yes no W anner e t a l., 1998

coa l m in in g  areas

O p en -cas t coa l m ine G erm an y yes yes D unger e t a l., 2001

dum ps

O p en -cast coa l m in in g  
areas

G erm an y,
C zech
R epu b lic

yes yes
(partly )

F rouz et a l., 2001

A b an don ed  pyrite  
p ro cess in g  sed im en 
ta tion  ponds

C zech
R epu b lic

y es yes H ubert, 2001



T a b l e  3
Author’s publications o f Oribatida on post-industrial dumps in Poland

Type of a dump Locality Quantitative
analysis

Qualitative
analysis

References

Iron  m eta llu rg ic  
dum ps

Bytom ,
C h orzów

yes yes Skubała, 1995

A b a n d o n ed  ga len a - 
c a la m in e  w a s te 

G a lm an yes yes Madej &  S kubała, 
1996

lan ds

G a len a -ca lam in e B u kow n o yes yes S kubała, 1996
w aste lan ds

F ive d iffe ren t types o f  
p os t-in du str ia l 
dum ps

Jaw orzn o ,
O św ięc im ,
K atow ice,
Bytom ,
B u kow n o

yes yes S kubała, 1997a, 
1998

M ine dum ps B rzeszcze yes yes Skubała, 1997b

A b an don ed  ga lena- 
ca lam in e  w a s te 

T a rn ow sk ie
G óry

yes yes S kubała &  M adej, 
1997

lan ds

A b an don ed  ga lena- 
ca lam in e w a s te 

K orzen iec yes yes M adej &  Skubała, 
1998

lands

D um ps o f the z in c Żab ie  D o ły yes yes Skubała e t al., 1998
and lead  in d u stry

G a len a -ca lam in e
w aste lan ds

B u kow n o,
G alm an ,
K atow ice

yes yes Skubała &  N iem i, 
1998

Z in c  m eta llu rg ic  
dum p

K atow ice yes yes S kubała &  C iosk, 
1999

D olom itic  dum p T arn ow sk ie
G óry

yes yes S kubała, 1999

M ine dum p K atow ice
M u rck i

yes yes S kubała, 2002a

Ten  d iffe ren t types 18 sites yes yes S kubała, 2002b
o f  p os t-in du stria l 
dum ps

M ine sed im en ta tion  
tan k

K atow ice
M u rck i

yes yes S kubała, 2002c

G a len a -ca lam in e 4 loca lit ies yes yes S kubała, 2003
w aste lan ds

educational purposes also support such ideas. Lamparska-W ie lan d

(1997) suggested establishing legal protection to ensure nature pres
ervation on one of the dumps in Upper Silesia. Are post-industrial 
dumps also important from acarological point of view? I have tried 
to support this idea in this study.



So il com m u n ity  e co lo g y  has fa llen  so m e
w h a t beh ind  advan ces  in  u n d ers ta n d in g  
o f  o th er  types o f  com m u n ities .

G il l e r  (1 9 9 6 )

Chapter 3 Objectives of the study

The general aim of the research is to contribute to our understanding 
of succession process, in particular colonization of “land” created by 
human activity, using the example of soil oribatid mites (Acari: 
Oribatida). For this purpose post-industrial dumps seem to be an 
important platform. The focal questions of the studies are as follows:
• How does the structure of oribatid mite communities change in 

the course of technogenic primary succession on dumps? Are the 
conclusions provided by space-for-time and direct long-term 
observations similar?

• H ow  im p ortan t is the sp ec ies poo l o f  po ten tia l co lon is ts , p resen t 
in  h ab ita ts  in  c lose  p rox im ity  to du m ps, fo r o r ib a tid  com m u n ity  
deve lop m en t?

• Can the structure of the oribatid mite community (e.g. abundance, 
species richness, relative dominance and frequencies) be predicted 
by a simple set of environmental descriptors?

• How does a group of oribatid species, typical of a particular dump, 
get selected?

• Which oribatid species play a role as colonizers and persisters on 
dumps?

• What are the specific characteristics of soils on dumps as habi
tats for the soil fauna, and which of the peculiarities of the 
deposited substrates are important for oribatid mites?

• To what extent does the development of mite communities depend 
on the vegetation cover?

• Do traditional reclamation measures, carried out on dumps, 
considerably accelerate the development of mite soil fauna?

• Which of the succession models best describes the development 
of oribatid mite communities on post-industrial dumps?

• Do post-industrial dumps contribute to the regional biodiversity 
of mites?



chapter 4. Environmental setting

4.1. Dumps and their surroundings -  history, 
origin, deposits and other considerations

4.1.1. General remarks

Waste tips, created as a result of the activity of industrial plants, 
are inescapable elements of the landscape of industrial regions. They 
are found in concentration in the Upper Silesian Region, the most 
industrial and urbanized region in Poland and, indeed, Europe. Over 
50% of the territory of the Katowice province is covered by large areas 
of mining damage, waste-tips and quarries. The exploitation of 
natural resources in this region began in the Middle Ages. Over 44% 
of wastes in Poland are disposed in this region. The proportion of 
waste tips created by mining is highest in this region and is esti
mated at 72% (J a r z ę b s k i , 1997).

Seven post-industrial dumps have been thoroughly investigated 
from 1998 to 2002. They represent different types of dumps, hav
ing originated from the mining, iron metallurgy and zinc-process- 
ing industries (Appendix 1 -  CD-ROM). Different types of coal-mine 
dumps were selected, e.g. “above-ground” and “surface” dumps and 
a coal-mine sedimentation tank. With regard to coal tips at Zabrze 
Biskupice, Zabrze Makoszowy, Katowice Murcki and Brzeszcze, they 
have been formed from generally similar waste material. Slightly 
different waste deposits have been found in a sedimentation tank 
at Katowice Murcki, although the difference is mainly related to the 
size of particles. Two other dumps (at Chorzów and Katowice 
Welnowiec) were composed of totally different waste material. The



height above sea level was similar for all sites and ranged from 222 
(sedimentation tank at Katowice Murcki) to 298 metres a.s.l. (iron 
dump at Chorzów). The slope of the plots was generally close to 0°. 
The slope was higher only at the first two sites on the coal-mine 
dump at Katowice Murcki (Table 4).

The estimations regarding the age of particular sites or the 
possible time period for the development of an oribatid mite com
munity are approximate. They have been based on two calculations:
• the time when deposits stopped being added to a dump,
• the development of vegetation.

Both assessments are not very precise. Information on the his
tory of a particular dump is very general. Usually, there is no specific 
information in the historic documentation of a dump. In some cases 
it was suspected that some extra wastes were deposited on a dump 
without permission and beyond the knowledge of the authorities. 
The second source of evaluation is also uncertain. The development 
of plant assemblages on post-industrial dumps is correlated with 
so many unpredictable factors that botanists or plant ecologists have 
many problems in tracing the exact time of development of a par
ticular assemblage on post-industrial wastelands (Adam Rostański, 
personal comments). Only in one case is the information on deve
lopment time of the soil community very precise; that of a reclaimed 
coal-mine dump at Brzeszcze.

Three sites were chosen on each dump, differing in age of de
posits, plant composition and development of vegetation. It is prob
able that the development time of a mite community was between 
10 and 15 years at the youngest sites (sites coded by number 1) 
(Table 4). The sites of medium age (site code 2) were characterized 
by a longer development time of an additional 5 years. The age of 
the oldest sites (site code 3) is estimated at about 20 to 25 years. 
The age of all sites on the zinc dump at Katowice Wełnowiec is 
considerably higher. This is possibly due to very high accumulation 
of heavy metals. The problem will be discussed later.

On most dumps there was no reclamation management, so the 
primary succession of soil communities proceeded more or less 
naturally. Some reclamation measures have been undertaken on 
the dumps at Katowice Wełnowiec, Zabrze Biskupice, Zabrze 
Makoszowy (Appendix 1 -  CD-ROM), but they have been done only 
on small parts o f a dump. Soil samples for this project were 
collected from other parts of the dumps. Therefore, I was able to 
look at oribatid communities that developed during the natural 
process of primary succession. Only in the case of “surface” coal
mine dumps at Brzeszcze were reclamation practices done on the 
whole area.



T a b l e  4
List of the study sites, their characteristics and codes

Site
code City Type of a dump

Site
(dump,
nearby
biotope)

Possible de
velopment 

time of 
mite com

munity 
(years)

Exposure Slope

C Chorzów iron
metallurgic

dump
C 1 site 1 < 15 N-W 5°
C 2 site 2 15-20 N-W 10°
C 3 site 3 20-25 - 0°
C M meadow - - 0°

W Katowice zinc
Welnowiec metallurgic

dump
W 1 site 1 > 15 N-E 3°
W 2 site 2 20-29 - 0°
W 3 site 3 39-49 W 5°
W M meadow - - 0°

B Zabrze Biskupice mine dump
B 1 site 1 < 10 - 0°
B 2 site 2 10-15 - 0°
B 3 site 3 20-25 - 0°
B M meadow - w 3°

M Zabrze mine dump
Makoszowy

M 1 site 1 4-5 N 0°
M 2 site 2 5-8 N 10°
M 3 site 3 ~ 10 N 10°
M F forest - - 0°

MD Katowice Murcki mine dump
MD 1 site 1 < 15 N 30°
MD 2 site 2 15-20 N 40°
MD 3 site 3 20-25 N 3°
MD F forest - N 3°

MT Katowice Murcki mine
sedimenta
tion tank

MT 1 site 1 < 14 - 0°
MT 2 site 2 16-18 S-E 2°
MT 3 site 3 18-20 N-W 3°
MT F forest - S-E o °

BR Brzeszcze reclaimed
mine dump

BR 1 site 1 11 - 0°
BR 2 site 2 16 - 0°
BR 3 site 3 19 - 0°
BR M meadow - - 0°

3 -  Colonization. 33



Additional research plots were chosen in biotopes adjacent to a 
dump. Some of the dumps are surrounded by biotopes of anthro
pogenic origin, e.g. the iron dump at Chorzów, the zinc dump at 
Katowice Welnowiec or the coal-mine dumps at Brzeszcze. Others 
are surrounded or partly adjacent to semi-natural habitats. Four 
of seven locations studied are adjacent to meadows, e.g. dumps at 
Chorzów, Katowice Welnowiec, Zabrze Biskupice and Brzeszcze. In 
the case of dumps at Katowice Murcki (mine dump and sedimen
tation tank) and Zabrze Makoszowy, they were mainly surrounded 
by forest. Details on plant assemblages are explained in the chap
ter 4.3.

4.1.2. Details of the post-industrial dumps
(see Appendix 1)

The iron metallurgic dump at Chorzów belonged to the 
“Kościuszko” steelworks. The dump is small (1.8 ha) with a very 
uneven surface. The dump was comprised of blast-furnace ash (42% 
Fe, 29% FeO, 0.28% Na, 0.75% K, 0.24% Zn, 0.036% Pb), pulp (28% 
CaO, 11% MgO, 1.15% Zn, 0.133% Pb), recrement, blast-furnace 
slag, pieces of brick, lime and refuse from the plant. The exploita
tion of the dump ceased in 1981. Sites 1 and 2 were selected at 
the top of the dump, whereas site 3 was located at the lower part 
of the dump. All sites were fairly flat.

The second location was on the dump of the zinc metallurgic plant 
“Silesia” at Katowice Welnowiec. This zinc metallurgic dump is 
one of the oldest post-industrial features in Upper Silesia. It was 
established in 1856 (T o k a r s k a -G u zik  et al., 1991). The piling of wastes 
was stopped in 1984. It is 25 metres high and its area is about 25 
hectares. The dump originated from slag, ash, and wastes from 
discillatory and ore-roasting furnaces and fired-clay bricks. All plots 
were chosen on the top of the dump on an almost even surface. 
Some reclamation practices have been undertaken on the oldest part 
of the dump, but this part of the dump was not sampled.

The coal-mine dump at Zabrze Biskupice belongs to the 
“Zabrze-Bielszowice” coal-mine (Fig. 4). It is an above-ground 
semispherically-table dump. Coal shales, carboniferous sandstones, 
ash and furnace slag have been deposited over several decades. 
Formation of the dump began in the late 1920s and piling ceased 
in the early 1990s. All samples were taken on the top of the dump.



Similarly to the previous dump, some reclamation measures had 
been undertaken, nevertheless plots were chosen from other parts 
of the dump.

The second coal-mine dump was investigated at Zabrze 
Makoszowy. The “Wymysłów” dump belongs to the “Makoszowy” 
coal-mine. It was constructed over 15 years and dumping stopped 
in 1996. It is a huge flat dump of large area (28 ha). In comparison 
with previous dumps, the height of 8 metres is moderate. Barren 
rock, coal shales and mudstones have been deposited at the site. 
Grassing was undertaken on the dump, but the results of this 
measure can be seen only on some parts of the dump. Site 1 was 
chosen at the top of the dump, whereas two other sites were located 
on the moderate slope.

Pedozoological investigations were also undertaken on the coal
mine dump at Katowice Murcki. The “Maria” dump belongs to the 
“Murcki” coal-mine. It was established as a huge hill up to 50 metres 
high and its area is about 14 ha. The dump was formed from mining 
wastes of various sizes, e.g. clay lumps, carboniferous sandstone, 
coal-mud, coal crumbs and midlines. After 20 years the dump ceased 
to be used in 1985. Two sites were located on the slope, and the 
third was chosen on an almost flat area. The dump is character
ized by numerous deep ditches where rainwater flows.

The coal-mine sedimentation tank is located in the suburbs 
of Katowice (Murcki district). The mine tank was formed from coal 
shales and mudstones. Mine waters with these ingredients were 
pumped from underground galleries and discharged to the tank. It 
covers an area of several hectares. Use of the tank ceased in 1986. 
Any reclamation measures were undertaken on this area. Muddy 
ground in some periods of the year (rainy days) and hard substra
tum in others (dry or frosty days) characterize the dump.

Finally, plots were chosen on three “surface” coal-mine dumps, 
which are adjacent to each other. The dumps belong to the 
“Brzeszcze” coal-mine and are situated along the main road from 
Oświęcim to Brzeszcze. These “surface” dumps are mainly com
prised of barren rock, which is extracted as a result of preliminary 
mining procedures. This kind of waste rock constitutes about 46% 
of the material on the dumps. The rest is mainly the barren rock 
separated in a sorting plant, together with sludge produced by rin
sing machines and flotation devices. Three sampling sites were 
chosen on the dumps; they differ in terms of the time period of land 
reclamation and in their plant composition. Sites 1, 2 and 3 were 
located on the dumps, which were reclaimed in 1990, 1985 and 
1982, respectively. Reclamation practices have been carried out at 
all sites. The surface of the dumps was not covered by soil. Trees



and shrubs have been planted into holes, with fertile soil added. 
90% of plants used for reclamation were trees (at a stocking of 3600 
per ha) and 10% were shrubs (at 400 per ha). Furthermore, the 
dumps have been fertilized with urea and superphosphate. Some 
nursing and maintenance measures have been made on the mine 
dumps, including the mowing of grass and weeds around trees and 
shrubs, soil loosening, and the planting of new trees in places where 
the original plants did not grow well.

For a general view of the dumps studied, see Appendix 7 (CD- 
ROM).

The soil and its associated habitats are 
im m ensely complex, from  the ecologi
cal point o f view.

W a l l w o r k  (1 9 7 6 )

4.2. Soil on post-industrial dumps 
and in adjacent biotopes

Details concerning the particle-size analysis of the soil, the soil 
structure, and physical and chemical properties of the soil at the 
study sites on dumps and in the adjacent biotopes are presented 
in Appendices 2, 3 and 4 (a-g) (CD-ROM).

Mechanical (particle-size) analysis and soil structure on the iron 
metallurgic dump at Chorzów differ in many respects from most 
other study sites on the dumps. A high proportion of stones and 
gravel (0  > 1.0 mm) was observed on the dump. Furthermore, the 
proportion of sand particles (0 = 1.0-0.1 mm) was high, whereas 
a very small proportion of silt particles (0 < 0.02 mm) was noted. 
The texture was classified as loamy sand or sandy silt. Consistence 
of the soil was described as loose at most sites and in most soil 
layers. A non-aggregate soil structure was identified at site 1 and 
in lower layers at other sites. A slight (site 2) or medium stable (site 
3) aggregate granular structure was observed in the upper layers 
of the soil. Despite the lower proportion of particles bigger than 1.0 
mm in diameter, the particle-size analysis of the soil on the adja
cent meadow was generally similar to that observed on the dump. 
The aggregate granular structure was only observed in the upper 
layer of the soil.

Pore volume, which expresses the amount of soil spaces, was 
quite high at all study sites on the iron metallurgic dump at



Chorzów. It increased from site 1 (level A -  0.60 m3 ■ m ‘3) to 
site 3 (level A -  0.73 m3 • m 3). Pore volume was a little lower 
(0.56 m3 • m"3) in the soil of the neighbouring meadow. The soil 
mellowness was high, especially in the upper sections of the soil. 
Bulk density varied from 0.60 to 0.84 Mg ■ m"3 at sites 3 and 1, 
respectively. The soil was lightly compact or normally porous in 
lower layers. Field capacity, which is an indicator of the 
waterholding capacity of soil, was progressively higher from the 
youngest to the oldest site. Mean annual soil temperature was a 
little higher at younger sites (at about 12°C), which can be ex
plained by the location of the sites. Sites 1 and 2 were situated 
on top of the dump (higher insolation), whereas site 3 was on the 
lower part of the dump. Mean moisture was generally very low, 
varying from 0.064 m3 • m"3 (site 1A) to 0.129 m3 ■ m 3 (site 3A). 
Similarly, moisture was low on the meadow (about 0.09 m3 • m"3).

As regards some chemical properties of the soil, they varied 
between sites and sections of the soil. The soil was slightly or 
moderately alkaline and pH was a little lower at older sites. Organic 
carbon and total nitrogen increased from site 1 to site 3. The amount 
of these elements was less in the lower layers of the soil. The amount 
of available potassium (K20), phosphorus (P20 5) and magnesium 
(MgO) varied between sites. Potassium and magnesium content were 
generally very high at all sites, whereas phosphorus content was 
low (site 3, meadow) or moderate (site 1 and 2). The presence of these 
elements was significantly less in lower sections of the soil at all 
plots. Levels of four cations (Na+, K+, Ca2+ and Mg2+), which are 
important parts of the soil sorption complex, were usually higher 
at the oldest sites (the only exception was Mg2+ content). The level 
of these elements was higher in the soil of the meadow than on the 
dump. Generally, soil sorption capacity was very strong at all sites. 
Heavy metal contamination was high in most locations. Cadmium 
and zinc contents were high, whereas lead pollution was moderate 
and nickel pollution was slight. In general, heavy metal contami
nation was highest at the youngest site.

The proportion of the biggest particles (0 > 1.0 mm) was com
paratively lower on the zinc dump at Katowice Welnowiec than 
on the previous dump. The proportion of fine sand particles (0  =
0.1-0.02 mm) was the highest, despite the lower layer of the soil 
at sites 1 and 3. The substrate can be classified as silt (most sites) 
or fine silty loam (site IB) and loamy light sand (site 3B). The 
substrate on the dump was slightly compact or loose and the soil 
structure was a medium stable granular aggregate. A non-aggregate 
structure was noted only at site 3 and in the lower layer at site 1. 
The highest proportion (> 70%) of sand particles (0 = 1.0-0.1 mm)



and the small amount of stones and gravel (0  > 1.0 mm) are 
characteristic of the mechanical composition of the soil on the 
meadow. The medium stable aggregate granular structure was 
identified for both layers on the meadow. The soil was described as 
loamy coarse or light sand.

Pore volume was generally high at the study sites on the zinc 
dump. It was lowest (46%) in the soil of the adjacent meadow. The 
soil was mellow on the dump (bulk density < 1.1 Mg ■ m 3) and 
normally porous on the meadow (bulk density = 1.25 Mg • m~3). Field 
capacity was higher on younger sites than on the older one 
(site 3). It was lowest on the meadow. Mean annual temperature 
varied from 9.7°C (site 2B) to 10.7°C (meadow A). Mean moisture 
was higher than on the previous dump and attained the highest 
value at site 2 (18.8% -  level A, 19.9% -  level B).

The soil was slightly acid (sites 1 and 2) or neutral (site 3 and 
meadow). The carbon and nitrogen contents were the highest at site
2 and the lowest on the meadow. Content of available potassium 
was high at older sites and on the meadow and the lowest at site
1. Phosphorus content (P20 5) was average at site 3 and on the 
meadow and low at the other plots. Magnesium content was high 
only at site 3 (level A) and low or moderate at other plots. Soil 
sorption capacity was weak at site 1 and 3, whereas it was strong 
at site 2 and on the meadow. The amount of heavy metals was 
extremely high in the soil of the zinc dump. Only nickel contami
nation was slight. As regards pollution of heavy metals on the 
meadow, it was slight.

Significant differences have been observed in the grain-size 
analysis, texture and soil structure between site 2 and other sites 
on the coal-mine dump at Zabrze Biskupice. The proportion of 
stones and gravel (0 > 1.0 mm) and sand particles (0 = 1.0-0.1 mm) 
was higher at sites 1 and 3 compared with site 2. Loamy sand (sites 
1A and 3A, B) and fine loam (sites IB, 2A, B) have been identified 
on the dump. The soil was very compact at site 2, whereas it was 
loose or slightly compact at the other sites. Furthermore, the stable 
subangular aggregate structure was identified at site 2. The non
aggregate structure (sites 1A, B and site 3B) and the granular 
aggregate structure have been identified at other sites. The particle- 
size composition of the meadow was different from that on the dump. 
The proportion of sand particles was the highest (level A -  51%). 
The soil was compact and of a stable aggregate tubercular struc
ture.

In contrast to most other dumps, pore volume was low on the 
coal-mine dump at Zabrze Biskupice. It was very low at site 1 and 
of similar value (>0.40 m3 • m"3) at other sites. According to bulk



density, the soil was classified as compact (sites 1, 2 and meadow) 
or loose (site 3). Field capacity was also lower than on the previous 
dumps. It was the highest on the meadow (29.2 m3 • m'3) and slightly 
lower at site 2 (27.0 m3 ■ m"3). Site 2 had the highest mean annual 
temperature (level A -  18.2°C) and the highest moisture (level A -  
0.114 m3 • m"3). As regards the meadow, the temperature was lower 
and moisture much higher than on the dump.

The soil was slightly acid (sites 1 and 2) or moderately acid (site
3, meadow). Site 2 was characterized by the lowest content of organic 
carbon, total nitrogen and C-to-N ratio. These parameters attained 
moderate values on the meadow. Available potassium and magne
sium content were high at all sites on the dump. Phosphorus content 
varied between sites being the highest at site 2. The content of these 
elements was the lowest on the meadow and usually smaller in lower 
sections of the soil. Sorption capacity was very strong at all sites 
being the highest on the meadow. The heavy metals contamination 
was generally low. Nickel (sites 1 and 3), lead (sites 1, 2 and meadow) 
and zinc (all sites) pollution were slight. Only cadmium pollution 
was moderate at site 3 and on the meadow.

The grain-size composition of the soil on the coal-mine dump 
at Zabrze Makoszowy was generally similar at all study sites with 
the highest proportion of sand particles (0  = 1.0-0.1 mm) (69-82%). 
The only important difference was the higher proportion of stones 
and gravel (0 > 1.0 mm) at site 1 than on the others. The soil was 
described as loamy sand. It was loose and the non-aggregate struc
ture at all sites and in all layers was noted. The soil in the 
neighbouring forest was characterized by a higher proportion of sand 
particles and lack of gravel and stones. It was slightly compact and 
of slight aggregate granular structure. Similarly to the soil on the 
dump, loamy fine sand occurred in the forest.

Pore volume increases with the age of the site and became high 
at site 3 (> 0.60 m3 • m 3) on the mine dump at Zabrze Makoszowy. 
It was also high in the adjacent forest (over 0.73 m3 • m'3). Similarly 
field capacity increased from site 1 to site 3. Waterholding capacity 
was a little higher in lower sections of the soil. In terms of bulk 
density, the soil was classified as compact (site 1), slightly compact 
(site 2) or mellow at site 3 and in the forest. As regards the soil 
temperature, it was much higher at site 1 (level A -  14.6°C) than 
at site 3 (level A -  11.6°C). Mean annual soil temperature was below 
9°C in the forest. Very low mean soil moisture was recorded at site
1 (level A -  5.3%). Higher and similar values of moisture were re
corded at other sites (over 14.5% in upper layers).

The soil was strongly or moderately acid at all sites on the dump 
and in the forest. As regards organic carbon and total nitrogen



content, these parameters were the lowest at site 2 and the highest 
at site 3. C-to-N ratio was low compared with the previous dumps. 
The content of available potassium, phosphorus and magnesium was 
high or moderate at site 1 and low at the others. Soil sorption 
capacity was high at site 1 and moderate at others. The content of 
Mg2ł was high at all sites. The content of heavy metals was natural 
on the dump and in the forest. Only the zinc content in the forest 
was a little higher than expected.

The highest proportion of silt particles (0  < 0.02 mm) charac
terized the soil on the coal-mine dump at Katowice Murcki. Their 
proportion ranged from 62% (site 3A) to 74% (site IB). The propor
tion of stones and gravel (0  > 1.0 mm) was high at younger sites 
(1 and 2). Coarse loam (sites 2 and 3) and clay (site 1) have been 
described for the substrate on the dump. As regards soil structure 
and consistency, no differences between sites or layers were ob
served. The soil was described as slightly compact and of a stable 
subangular aggregate structure. The particle-size analysis of the soil 
in the forest gave totally different results than on the dump, with 
the highest proportion of sand particles (0 = 1.0-0.1 mm) and a 
small amount of bigger ones. The soil structure and consistency in 
level A (medium stable granular aggregate, slightly compact) were 
different than in level B (non-aggregate, loose). Loamy light and 
coarse sand have been described in the forest.

Pore volume of the soil was generally low and ranged from 39% 
to 45% on the mine dump at Katowice Murcki. It was noticeably 
higher in the adjacent forest (about 70%). The soil was slightly 
compact (sites 1 and 2) or mellow (site 3 and forest). As regards field 
capacity, there was little difference between sites. Field capacity was 
a little higher at site 3 (level A -  36.0 m3 • m"3) than at other sites. 
As regards soil temperature, similarly only a small difference was 
noted between sites. With regard to mean moisture, it was low at 
site 1 (level A -  0.157 m3 • m'3) and considerable higher at site 3 
(level A -  0.157 m3 • m'3).

The soil was strongly acid at all investigated study plots. Car
bon and nitrogen content were low, especially at sites 1 and 2. 
Slight difference was noted between site 3 and the forest in terms 
of these two elements. The content of available potassium and 
magnesium was very high at all plots on the dump, whereas 
phosphorus content was low. Forest soil was abundant in avail
able potassium and phosphorus. Magnesium content was vestigial 
only a trace. Soil sorption capacity was slight at all plots on the 
dump. It was strong in the soil of the forest. Heavy metals content 
was natural on the dump. Cadmium, lead and zinc content were 
slight in the forest.



The deposits were totally different in the coal-mine sedimen
tation tank at Katowice Murcki than those on the other inves
tigated dumps. Characteristics of the soil were also quite different 
than from that of other mine dumps. No significant differences were 
observed between soil on plots or in layers. The proportion of 
particles of different sizes was similar with a slightly higher amount 
of sand particles (0  = 1.0-0.1 mm). Stones or gravel were not 
observed in the sedimentation tank. Fine silty loam (sites 1, 2) or 
medium loam (site 3) were identified in the tank. The soil structure 
was described as slight sharp-edged regular-polyhedral aggregate 
and was a very minute one. The soil was compact (site 2, 3) or 
slightly compact (site 1). The characteristics of the soil in the 
adjacent forest were generally similar to the one described for the 
forest at the previous locality. The only differences were lack of 
stones and gravel (0 > 1.0 mm) and the presence of the medium 
stable granular aggregate structure in both layers of the soil.

Slight variation in pore volume of the soil was observed in the 
sedimentation tank. It was high only at site 1 and in the forest. 
According to soil bulk density, the soil is classified as mellow at all 
sites. Field capacity was the highest at site 2 and a little lower at 
other sites. Mean annual soil temperature varied from 10.3°C 
(site 1A) to 10.6°C (site 3A). It was lower in the forest (level A -  9.4°C). 
The highest moisture was noted at site 2 (level A -  0.172 m3 • m"3) 
and the lowest at site 1 (level A -  0.139 m3 • m"3). Lower sections 
of the soil have been characterized by lower moisture.

The soil was strongly or moderately acid on the dump and in the 
forest. The differences in the carbon and nitrogen content were not 
high. The highest amount of these elements was noted at site 2 on 
the dump. Usually lower sections were characterized by a smaller 
amount of carbon and nitrogen. Available potassium content was 
low at sites 1 and 2 and moderate at site 3 and in the forest. 
Phosphorus content was low in all plots. With regard to available 
magnesium content, it was low at site 2, moderate in the forest and 
high at sites 1 and 3. The amount of these elements was lower in 
level B. The situation was opposite only at site 3. Soil sorption 
capacity was medium at site 2, whereas it was high at other sites. 
Especially, the amount of exchangeable magnesium was high at all 
sites. Heavy metal content was natural on the dump. Lead and zinc 
content were raised and cadmium content was high in the adjacent 
forest.

The reclaimed coal-mine dumps at Brzeszcze were character
ized by a very high proportion of stones and gravel (0 > 1.0 mm) 
(from 50% to 90%). The proportion of other particles was similar 
and did not vaiy much between sites or layers. The soil was clas



sified as fine, medium or coarse loam. The soil structure was stable 
subanugular (sites 1 and 3) or tubercular (site 2). It was slightly 
compact at all sites. The characteristics of the soil on the adjacent 
meadow were similar in both sections of the soil. The proportion 
of different particles was very similar with a small amount of stones 
and gravel (20%). The soil was slightly compact and of a stable 
tubercular aggregate structure.

The highest pore volume (level A  -  0.51 m3 ■ m 3) characterized 
site 2. This parameter was slightly lower at sites 1 and 3. It was 
highest on the adjacent meadow (0.64 m3 • m"3). Soil bulk density 
was the highest at site 3 (slightly compact soil) and a little lower 
at site 1 and 3 (normally porous soil). The soil was mellow on the 
meadow (bulk density = 0.93 Mg • m'3). With regard to field capac
ity, the differences between sites were small. Higher field capacity 
was observed on the meadow (level A -  36.5 m3 • m 3). As regards 
mean soil temperature, only a small difference was noted between 
sites. Mean moisture was the highest at site 1 and the lowest at 
site 3. Lower sections of the soil have been characterized by lower 
moisture. As regards the meadow, the temperature was similar and 
moisture higher than on the dumps.

The soil was strongly (site 1), moderately (site 3 and meadow) 
or slightly acid (site 2). Organic carbon and total nitrogen content 
were the highest at site 1 being 231.2 g ■ k g 1 (level A) and 8.2 g
• kg'1 (level A), respectively. It was lower at other sites. Content of 
available potassium was high (sites 1 and 3) or moderate (site 2 and 
meadow). Similarly, magnesium content was high at sites 1 and 3 
and low (meadow) or moderate (site 2) at other sites. Available 
phosphorus was scarce at site 1 and more abundant at others. Soil 
sorption capacity was very high at all sites. Notably calcium (Ca2+) 
content was high and ranged from 316.2 mmol(+) • kg 1 (meadow 
A) to 634.7 mmol(+) • kg 1 (site 2A). Cadmium and nickel content 
were very low. As regards lead and zinc contamination, slight 
pollution was observed at site 2 and on the meadow.



Ironically the poor quality o f the 
substrates forming industrial waste tips 
-  often render them peculiarly suitable for 
the spontaneous development o f unusual 
vegetation and the survival o f uncommon 
species.

T r u e m a n  e t  a l .  (2 0 0 1 )

4.3. Vegetation on post-industrial dumps 
and adjacent biotopes

Sites representing three phytosociological “stages” have been 
chosen on most dumps (Fig. 5, 6 and 7). They differ in the devel
opment of vegetation and in plant composition. The general chara
cteristics of vegetation of selected sites are as follows. Site 1 was 
chosen on the youngest part of a dump. An initial assemblage of 
plants covered this site. A layer of litter had not yet developed. Site
2 was covered by better-developed vegetation with a more or less 
dense assemblage of herbaceous plant species and a thin layer of 
litter. Site 3 was chosen on the oldest part of a dump. Shrubs or 
trees were a permanent element of plant assemblage at this site and 
a litter layer was well developed. The check-list of plant species on 
all study plots is presented in Appendix 5 (CD-ROM). Phytosocio
logical releves were done to document the plant communities’ oc
currence (B raun -B lanquet, 1964). All details concerning plant assem
blages on dumps and in other biotopes are contained in Tables 5 
and 6. The full photographic documentation of the study sites on 
dumps and in the nearby biotopes can be seen in Appendix 7 (CD- 
ROM).

The initial assemblage with Agrostis capillaris covers site 1 on the 
iron metallurgic dump at Chorzów. Seventeen plant species were 
identified at the plot, however the cover in the herb layer was low 
(20% ). Ceratodon purpureus (H edw.) B rid . occurred in the moss layer. 
A  shrub layer (B) with four tree species occurred at site 2. Single 
self-sown birches (Betula pendula R o th ), black poplar (Populus ni
gra L.) and self-sown sallow (Salix caprea L.) have been observed at 
the site. Fifteen species were identified in the herb layer and the 
cover in this layer was 30% . The development of the moss layer (D) 
was the same as at the previous site. The assemblage with 
Calamagrostis epigejos -  Robinia pseudoacacia was identified at site
3. Fewer species occurred at the site, however the cover in the shrub 
(B) and herb layer (C) was much higher (60%  and 100% , respec
tively). Mosses did not occur in the D layer. It is noteworthy that 
the vegetation on the whole dump appeared as a result of natural



T a b l e  5
List o f the study plots and plant assemblages on post-industrial dumps

and in the nearby biotopes

C -  iron metallurgic dump “Ogródki” at Chorzów

C 1 
C 2 
C 3 
C M

site 1 
site 2 
site 3 
meadow

assemblage with Agrostis capillaris 
assemblage with Betula pendula
assemblage Calamagrostis epigeios -  Robinia pseudoacacia 
assemblage with Calamagrostis epigeios

W -  zinc metallurgic dump at Katowice Wełnowiec

W 1 
W 2 
W 3 
W M

site 1 
site 2 
site 3 
meadow

assemblage Festuca ovina -  Silene vulgaris 
assemblage with Festuca ovina 
assemblage with Populus tremula 
assemblage Arrhenatheretum medioeuropaeum

B -  mine dump “Biskupice” at Zabrze Biskupice

B 1 
B 2 
B 3 
B M

site 1 
site 2 
site 3 
meadow

assemblage with Conyza canadensis 
assemblage with Festuca rubra 
assemblage Larix decidua -  Populus maximowiczi 
assemblage Arrhenatheretum medioeuropaeum

M -  mine dump “Wymysłów” at Zabrze Makoszowy

M 1 
M 2 
M 3 
M F

site 1 
site 2 
site 3 
forest

assemblage with Corynephorus canescens 
assemblage with Calamagrostis epigeios 
assemblage Betula pendula -  Calluna vulgaris 
assemblage Betula pendula -  Quercus robur

MD -  mine dump “Maria” at Katowice Murcki

MD 1 
MD 2 
MD 3 
MD F

site 1 
site 2 
site 3 
forest

assemblage with Tussilago farfara 
assemblage with Calamagrostis epigeios 
assemblage with Betula pendula 
mixed forest o f Querco roboris -  Pinetum

MT -  mine sedimentation tank at Katowice Murcki

MT 1 
MT 2 
MT 3 
M TF

site 1 
site 2 
site 3 
forest

assemblage with Spergularia rubra 
assemblage with Dactylis glomerata 
assemblage Salix caprea -  Betula pendula 
beech forest o f Luzulo nemorosae -  Fagetum

BR -  reclaimed mine dump at Brzeszcze

BR 1 
BR 2 
BR 3 
BR M

site 1 
site 2 
site 3 
meadow

assemblage with Populus tremula
assemblage with Betula pendula, Quercus robur and Tilia cordata 
assemblage Betula pendula -  Quercus rubra 
assemblage with Dactylis glomerata

succession and is of anthropogenic origin. Industrial premises and 
a small area of meadows surround the dump. Soil samples were 
collected from the assemblage with Calamagrostis epigejos. Only 14 
species have been found at the study plot, however the cover in the 
herb layer was high (100%).



The vegetation was very poorly developed at the youngest site on 
the zinc dump at Katowice Wełnowiec. The initial assemblage of 
Festuca ovina -  Silene vulgaris was recognized at the site. Six plant 
species occurred in the herb layer and few mosses (Bryum capillare 
H ed w .) covered the area. The assemblage with Festuca ovina L. 
covered site 2. Vegetation was particularly dense, with more her
baceous plant species (10) than on the previous one. Trees and 
shrubs did not occur at the site. The dominant species in the herb 
layer (apart from Festuca ovina) were as follows: Silene vulgans 
(M oen ch ) G a rck e , Cardaminopsis hallen (L.) H ayek and Agrostis 
stolonifera L. Site 3 was chosen on the oldest part of the dump. The 
vegetation cover was best developed at this site. This area has been 
developed in the course of about 40 years from a bare-ground site 
to a plot with grass, and a tall herbage community, with aspen 
(Populus tremula L.), some birch (Betula pendula R oth ) and sallow 
(Salix caprea L.) in the tree layer. The dominant plant species iden
tified in the herbage layer were Agrostis capillaris L. and Calamagrostis 
epigejos (L.) R oth . Wastelands and meadows surround the dump. Soil 
samples were collected from the assemblage with Arrhenatheretum 
medioeuropaeum. Phleum pratense L. and Agrostis capillaris dominated 
in the herb layer. In total, 21 plant species were found on the study 
plot and the cover in the C layer was the highest (100%).

Twenty plant species have been identified in the initial assem
blage with Conyza canadensis on the coal-mine dump at Zabrze 
Biskupice. Conyza canadensis (L.) C ronqu ist, Chn.maeneri.onpalustre 
Scop., Potentilla norvegica L. and Inula conyza D C . dominated in the 
herb layer. The cover was very low (20%) in this layer. The assem
blage with Festuca rubra was well developed at site 2. The cover in 
the C  layer was very high (100%) and the moss layer was also 
developed. Twenty-seven species were noted in the herb layer with 
Festuca rubra L., Agrostis capillaris L., Trifolium repens L., Lolium 
perenne L. and Achillea millefolium L. being the most numerous. 
Fewer species were found on the oldest plot, although, well-devel
oped tree (cover -  80%) and shrub layers (cover -  20%) character
ized the plot. The assemblage Larix decidua -  Populus maximowiczi 
was described at the site. Tilia cordata M ill ,  and Betula pendula R oth  
also occurred in the tree layer. A large area of meadow adjoins the 
dump. Soil samples were collected from the assemblage with 
Arrhenatheretum medioeuropaeum. The C  layer was well-developed 
(100% of cover) with the following species: Deschampsia caespitosa 
(L.) P. Beauv., Lotus uliginosus Schkuhr., Centaurea jacea L., Plantago 
lanceolata L., Ranunculus acris L. and Ranunculus repens L. Two 
mosses occurred in the moss layer: Atrichum undulatum (H edw .) 
P. Beauv. and Brachythecium rutabulum (H edw .) B ., S &  G .



T a b l e  6
Characteristics of plant assemblages on the investigated post-industrial 

dumps and in the nearby biotopes

Site
Number 
of spe

cies
H' J

Cover m the following layers 
[%]

Litter
depth
(cm]

Complex
ity of the 
habitat*A B c D

Iron dump at Chorzów (C)

Site 1 17 1.029 0.363 - - 20 30 - 4
Site 2 20 1.548 0.501 - 50 30 30 < 1 7
Site 3 19 1.767 0.590 - 60 100 - > 1 9
Meadow 14 1.193 0.452 - - 100 - > 1 6

Zinc dump at Welnowiec (W)

Site 1 7 0.096 0.049 - - 50 m - 3
Site 2 10 0.658 0.286 - - 80 10 < 1 6
Site 3 19 1.471 0.491 - 50 90 m < 1 6
Meadow 21 1.240 0.407 - - 100 - > 1 6

Mine dump at Biskupice (B)

Site 1 20 0.805 0.269 - - 20 - - 2
Site 2 27 1.943 0.590 - - 100 30 > 1 8
Site 3 23 1.652 0.513 80 20 30 - < 1 9
Meadow 23 1.423 0.454 - - 100 20 > 1 8

Mine dump at Makoszowy (M)

Site 1 5 0.934 0.580 - - 20 - - 2
Site 2 7 0.874 0.449 - - 80 20 > 1 8
Site 3 18 1.847 0.627 - 50 80 10 > 1 9
Forest 23 1.609 0.506 50 50 70 - > 1 9

Mine dump at Murcki (MD)

Site 1 6 0.288 0.161 - - 40 - - 2
Site 2 14 1.088 0.412 - - 60 10 < 1 5
Site 3 21 1.820 0.589 - 50 40 40 > 1 8
Forest 32 1.992 0.565 90 50 60 m > 1 12

Mine settlement tank at Murcki (MT)

Site 1 10 0.786 0.341 - - 10 5 - 2
Site 2 31 2.339 0.688 - - 95 30 < 1 7
Site 3 45 2.794 0.722 - 60 80 20 > 1 11
Forest 26 2.395 0.685 80 25 90 10 > 1 13

Reclaimed mine dumps at Brzeszcze (BR)

Site 1 12 1.568 0.553 60 5 60 10 < 1 9
Site 2 23 2.051 0.622 50 50 30 10 < 1 9

Site 3 25 2.324 0.698 50 30 20 20 < 1 9
Meadow 24 1.767 0.556 - - 100 - > 1 6

m -  minimal.
A -  tree layer, B -  shrub layer, C -  herb layer, D -  moss layer. 
* Explained in the chapter 5.2.4.



The initial assemblage with Corynephorus canescens was very 
purely developed on the coal-mine dump at Zabrze Makoszowy.
Only five species were recorded on the plot and the cover of the herb 
layer was low (20%). Two more species were noted at the second 
site, however the cover of the C layer was considerable higher (80%) 
and a moss layer was present. In the assemblage with Calamagrostis 
epigejos, Festuca ovina L. also dominated. The assemblage Betula 
pendula -  Calluna vulgans was identified at the oldest site. The well- 
developed shrub layer characterized site 3. The cover in other lay
ers was similar to the previous site. Additionally, other species 
dominated at the site: Calluna vulgans (L.) H ull, Aster novi-belgii L. 
and Deschampsia flexuosa (L.) T rin. The forest identified as assem
blage Betula pendula -  Quercus robur adjoins the dump. Twenty- 
three species were found in the sampled plot. Birch (Betula pendula 
R oth) (layer A), oak (Quercus robur L.) (layer B), Poa trivialis L., Holcus 
mollis L., Veronica chamaedrys L., Lupinus polyphyllus L indl. and 
Deschampsia flexuosa (L.) T rin. (layer C) predominated.

The initial assemblage with Tussilago farfara was identified at the 
youngest site on the coal-mine dump at Katowice Murcki. Only 
six plant species were recorded in the herb layer, in which Tussilago 
farfara L. predominated. Organic matter did not appear to be present 
in the surface layer. Better-developed vegetation with 14 herbaceous 
plant species (Calamagrostis epigejos (L.) R oth and T. farfara domi
nated) and Ceratodon purpureus B rid in the D layer covered site 2. 
A thin layer of humus and a more advanced succession of ruderal 
vegetation (assemblage with Betula pendula) was noted at site 3. Four 
tree species occurred in the shrub layer with Betula pendula R oth 
and Pinus sylvestris L. most numerous. The cover of the herb and 
moss layer was quite high (40%). The dump is surrounded by forest 
(part of it is a beech forest reserve). A fourth study plot was chosen 
in adjacent mixed forest of the Querco roboris-Pinetum type. Betula 
pendula and Quercus robur L. in the tree layer and Padus serotina 
(Ehrh.) B orkh. in the shrub layer comprised the highest cover. Thirty- 
two plant species were identified at the study plot.

Large area of the coal-mine sedimentation tank at Katowice 
Murcki is covered by very poorly developed vegetation. The first site 
was chosen from such a part of the tank and the initial assemblage 
with Spergularia rubra was identified on the sampling plot. The cover 
in the herb layer was very low (10%). Better-developed vegetation 
with 31 herbaceous plant species and mosses covered site 2. The 
vegetation is classified as the meadow assemblage with Dactylis 
glomerata. Vicia tetrasperma (L.) S chreb., Daucus carota L., and 
Festuca ovina L. also dominated at the site. The herb layer is dense 
(95%) and more mosses occur at the site (30% cover). Three moss



species occurred at the plot with Brachythecium rutabulum (H edw .) 
B., S 8& G. predominating. The vegetation at the third site was 
classified as the brushwood assemblage Salve caprea -  Betula 
pendula. Forty-five species were identified at the study plot. Nine
teen more species occurred at site 3 than in the adjacent forest. 
A well-developed shrub layer (60% cover) characterized the site. The 
beech forest of the Luzulo nemorosae-Fagetum association (part of 
it is a beech forest reserve) surrounds the tank. Eight tree species, 
e.g. Quercus rubra L., Fagus sylvatica L. and Quercus robur L. which 
predominated in the tree and shrub layers, were identified at this 
study plot. The cover in these layers was 80% and 25%, respectively.

As regards the coal-mine dumps at Brzeszcze, all study sites 
were covered by plant assemblages with a well-developed tree level 
(artificially established). The lowest number of species (12), and low 
cover in the shrub layer characterized site 1 (reclaimed 11 years ago), 
although the cover of the tree and herb layer was the highest of the 
dumps. Populus tremula L., Betula pendula R o th , and Quercus 
rubra L. were the most abundant species in tree (A) and shrub (B) 
layers. The area where site 2 was situated was reclaimed 5 years 
earlier than the previous one. Many more plant species occurred 
at this site (23). The site was dominated by four tree species: Betula 
pendula R o th  and Quercus robur L. in layers A and B, with Tilia 
cordata M ill ,  and Sambucus racemosa L. only in layer B. The cover 
of the tree (50%) and herb (30%) layers were a little lower than at 
the previous site, and much higher in the shrub layer (50%). The 
vegetation at site 3 (reclaimed 19 years ago) was well developed. The 
highest number of plant species was observed at this dump (25). 
The cover in the tree and shrub layers was 50% and 30%, respec
tively. The cover in the herb layer was the lowest (20%) of three plots 
studied. Eight species occurred in layers A and B with Betula 
pendula and Quercus rubra dominant amongst the trees.



Chapter 5. Material and methods

5.1. Collection, extraction, separation 
and identification of mites

A comprehensive review of the main methods of obtaining abso
lute and relative population estimates of the soil fauna and particu
larly of mites is given by G órn y  and GrOm 1993. Soil samples of 
18 cm2 surface and 7.5 cm depth were taken with a steel tube corer. 
Twenty samples were taken from a homogenous site (explanation 
see chapter 4.3) on a sampling date. These samples were used to 
extract soil mesofauna. Furthermore, five samples were collected at 
each site to measure moisture. Collecting of samples was done ac
cording to “quadrat” method (G órny &  GrOm, 1993). Soil samples 
were taken from a representative quadrat (10 x 10 metres) in each 
plant assemblage on each dump and nearby biotopes. Samples were 
collected between 9 and 11 in the morning in each case, never dur
ing or immediately after rain. The fauna was sampled seasonally 
from 1998 to 2002. Samples from three dumps were also taken in 
1986-1987 (Chorzów), 1991-1992 (Welnowiec) and 1994-1995 
(Brzeszcze). Results of analyses from these dumps were published 
by Skubała (1995, 1996) and Skubała 8s C iosk (1998), but the data 
have also been used in this work in a sequential analysis of suc
cession (Table 7). Samples were cut horizontally into two pieces: 
0-3.5 cm and 3.5-7.5 cm. Soil cores were transported to the labo
ratory in polyethylene bags, sealed to prevent as much moisture loss 
as possible. In total 7288 soil samples were taken. Most of them 
(5620) were used in quantitative and qualitative analysis of oribatid 
fauna. Others were collected to measure moisture (1444) and to 
make soil analyses (224) (Table 7).

4 -  Colonization. 49



Study plots’ sampling data
T a b l e  7

Locality Sampling time
Sampling

Number of 
soil samples 

used in 
zoological 
analyses

Number of addi
tional samples

frequency
moisture soil

analyses

Chorzów dump 1998-2000 seasonally 480 120 15c + 9P
Chorzów meadow 1998-2000 seasonally 220 40 5C + 3P
Chorzów dump* 1986-1987 monthly 120 72 -

Wełnowiec dump 1998-2000 seasonally 480 120 15c + 9P
Wełnowiec meadow 1998-2000 seasonally 220 40 5° + 3P
Wełnowiec dump* 1991-1992 monthly 360 108 -

Biskupice dump 2000-2002 seasonally 480 120 15c + 9P
Biskupice meadow 2000-2002 seasonally 160 40 5° + 3P

Makoszowy dump 2000-2002 seasonally 480 120 15C + 9P
Makoszowy forest 2000-2002 seasonally 160 40 5C + 3P

Murcki dump 1998-2000 seasonally 480 120 15C + 9P
Murcki forest 1998-2000 seasonally 220 40 5C + 3P

Murcki tank 2000-2002 seasonally 480 120 15c + 9P
Murcki forest 2000-2002 seasonally 160 40 5C + 3P

Brzeszcze dump 2001-2002 seasonally 480 120 15° + 9P
Brzeszcze meadow 2001-2002 seasonally 160 40 5C + 3P
Brzeszcze dump* 1994-1995 monthly or 

fortnightly
480 144 —

Total number of samples 5 620 1 444 140c + 
84”

c -  samples used in chemical analyses, the volume -  250 cm3. 
p -  samples used in physical analyses, the volume -  100 cm3.
Samples A and B are counted separately.
* Sites investigated in the past ( S k u b a ł a , 1995, 1996; S k u b a ł a  &  C io s k , 1998) used in the sequential 
approach of succession studies

Microarthropods were immediately extracted with litter profile 
inverted for 5-7 days (until thoroughly dry) on a modified Tullgren- 
style high-gradient extractor with 25 W incandescent lights. Fauna 
extracted were those capable of passing through a 1.5 x 1.5 mm 
screen mesh, and they were directly collected into a preservative 
(75% ethyl alcohol with 1-3% glycerine to keep the specimens moist 
if the alcohol evaporates). Samples were initially sorted and counted 
with a wide-field binocular microscope at x70 magnification. The ex
tracted microarthopods have been sorted into Oribatida, Gamasida, 
Actinedida and Acaridida, Collembola and “others”. The applied kind 
of dynamic methods of extraction relies on the active participation 
of the animals by their movement out of the soil containing them 
in response to a repellent stimulus, e.g. heat, moisture (lack of) 
(G órny &  GrOm, 1993). Adult oribatid mites axe satisfactorily extracted



in most commonly used apparati. Nevertheless, the extraction of soft- 
bodied immatures, usually slower moving and less resistant to 
desiccation than adults, is usually much less efficient (D in d al , 1990).

For identification the oribatid mites were macerated in lactic acid, 
then mounted on slides in glycerine (G ó r n y  &  G r ü m , 1993) and 
examined under a microscope for adult and instar identification. 
Juvenile forms were identified only partly. Precise identification of 
juveniles was made for homoeomorphic oribatids. Heteromorphic 
immatures of brachypyline oribatid mites, which bear little resem
blance to conspecific adults, were identified only for some, mainly 
dominant species. There is still no monograph on oribatid mites for 
identification of the immatures of all species (B e h an - P e lle t ie r , 1999). 
Immatures of mites have been described for only 5-10% of species 
(B e h a n - P e l l e t ie r  &  N e w t o n , 1999). In this work the classification 
system according to G rand jean  (1969), modified by M a r sh a ll  et al. 
(1987) was used. Additionally, in the case of the superfamilies 
Oppioidea and Phthiracaroidea the system according to S u bias  &  

B a lo g h  (1989) and N ied b a ła  (1992) was used.
Some selected oribatids (dominants, species new for the Polish 

fauna) have been studied with the help of a scanning electron 
microscope. Fixed mites were put into solution of ether in chloro
form to clean the surface of their bodies. Then they were put into 
antistatics (B r o d y  &  W h a r t o n , 1971). After the treatment with 
antistatics the body was coated with a thin layer of colloidal gold. 
Such preparations covered with gold were photographed.

A large amount of material containing almost 100 thousand 
oribatid specimens belonging to 179 oribatid species was studied.

Let nature guide m athem atics, not vice 
versa.

W a l t e r  &  P r o c t o r  (1 9 9 9 )

5.2. Statistical analyses

5.2.1. Basic indices

The oribatid communities were characterized by the following 
indices:
• Abundance (the mean abundance was calculated from 80 or 110 

samples and standardized (individuals/m2)



• Species richness (number of species per plot)
• Dominance (D) (% of the number of all adult individuals of all 

species)
The following classes of dominance were assumed: 

superdominants, over 30.0% of all individuals, 
eudominants, 10.1-30.0%, 
dominants, 5.1-10.0%, 
subdominants, 2.1-5.0%, 
recedents, 1.1-2.0%, 
subrecedents, less than 1.0%.

• Constancy of occurrence (Q  (% of the number of samples con
taining species i-th of the total number of samples).

• Species-abundance relations were described by following methods:
Shannon index of diversity (H'), equitabilitv (J) following P ielo u  

(1969) and the species-abundance curve, a plot of log N  against the 
rank of the catch of each species (L u d w ig  &  R e y n o ld s , 1988).

H ^ -^ n i/ N 'K ln m / N )
;=i

J  = H'/ln S

where n* is the number of individuals in the i-th taxon, N  is the 
number of individuals in the entire sample and S is the total number 
of taxa in the sample.

To calculate the diversity index of a plant assemblage a trans
formation of the B raun- B la nq u e t  cover-abundance scale according 
to T u xen - E l le n b e r g , 1937 (M a a r e l , 1979) was used.
• Aggregation

The presence of oribatids in aggregates is demonstrated by cor
relation formula s2/x > 1 (U s h e r , 1975), which can be assessed by 
the hypothesis s2 = x. The t test for (n-1) degrees of freedom after 
G reig - S mith  (1964) permits acceptance of the existence of a prounced 
“aggregation”.

t = [(s2/x) -  1] / V2 / { n -  1)

where: s2 -  variance, x  -  average number of individuals and 
n -  number of samples.

A variety of diversity indices exist (L eg e n d r e  & L e g e n d r e , 1983). 
The Shannon index (H 1) is an index particularly popular among re
searchers. There is controversy regarding the use of it for species 
diversity measurement (P e e t , 1974), but its use in the present study 
is justified for the following reasons. Firstly, it is widely used in eco
logical studies, secondly, it is largely independent of sample size and



thirdly, it is insensitive to the presence of rare species (A n d e r s o n , 

1978a).
Most of the indices were calculated only for adult stages.

5.2.2. Similarities and differences

Comparisons of oribatid communities among sites were made 
using Euclidean distance (K r e b s , 1999). The data were log (n.+ l) 
transformed. The index of similarity used with raw data can give 
false results of classification (L o r o , 1998). The index was used to 
create resemblance matrices of pairwise comparisons among all sites. 
The resemblance matrices were then analysed in a hierarchical clus
ter analysis (Program STATISTICA), employing Ward’s method 
(K o v a c h , 1998).

To examine the relative similarity across the various sites, a cor
respondence analysis (CA) (H il l , 1980) was also conducted. The 
analysis was made on log-transformed (log x +  1) abundance data.

To determine the similarity of species composition between 
oribatid and plant communities the chi-square test was used (Z a r , 

1999). The data were arranged in a 2 x 4 contingency table for test
ing the independence of a set of data (number of species, number 
of dominants, number of exclusive species). The tau c Kendall’s in
dex was calculated to express similarity of the data arrangement 
for two measured variables on an ordinal scale.

The differences in the abundance of oribatids between sites, be
tween collection date (seasons) and site by date interactions were 
tested by two-dimensional analysis of variance (ANOVA). Normality 
was tested with the Kolmogorov-Smirnov test. Data were tested for 
homogeneity of variance by using the Levene’s test of equality of error 
variances, and skewness. Log transformation was employed when 
the data did not meet the assumptions of normality (J o n g m an  et al., 
1987). When a statistically significant difference (p < 0.05) was noted 
differing pairs were identified with the SNK (Student-Newman-Keuls) 
test.



5.2.3. Associations and correlations

Correlations between edaphic parameters and between them and 
the abundance of oribatids were calculated with the product-mo- 
ment correlation test of Pearson. Prior to the analysis data which 
did not meet the assumptions of normality were log-transformed to 
improve normality.

The diversity of oribatid mite communities and plant assemblages, 
transformed as shown to stabilize their variances, were used in 
a linear regression model. The data were summed from all investi
gated sites and they were run on a regression program.

The chi-square test was used to search for affinity of numerous 
species with a particular site. The null hypothesis that all frequen
cies of species are the same was tested. If the null hypothesis H  = 
Pi = Pn = ■■■Pk was rejected, then Tukey-type multiple comparison 
testing was used (Z a r , 1999).

5.2.4. Multivariate analysis

The composition of the oribatid communities and the environ
mental factors were analysed with a multivariate data analysis tech
nique. A correlation between the occurrence of species and the meas
ured set of environmental variables was analysed with Canonical 
Correspondence Analysis (CCA) (T er  B r a a k , 1988) using the program 
MVSP version 3.21. The aim of these analyses was to describe and 
compare patterns in the mean numbers of oribatid species per site 
in relation to soil quality parameters and other environmental fac
tors.

Multivariate methods, such as correspondence analysis, have 
been employed in many cases to interpret the observed pattern of 
soil community distribution (D e k ke rs  et al., 1994; G itt in g s  &  G il l e r , 

1998; H o w ard  &  R o b in s o n , 1995; KovAC et al., 1999; V e r s c h o o r  &  

K r e b s , 1995). The strengths and weakness of multivariate methods 
have been extensively reviewed and evaluated by G a u c h  (1982) and 
P ielo u  (1984). Most of the times, and for complicated situations such 
as those occurring in the soil, evidence provided by the above meth
ods of community ordination is the only way to account for the re
sults. They have been suggested as a possible remedy to the prob
lem of extreme variation in soil communities (S a n t a s , 1986). CCA is 
a multivariate direct gradient analysis which ordinates species and



samples by axes which are linear combinations of known environ
mental variables (T er  B r a a k , 1988). The results of the CCA 
ordinations can be interpreted as joint plots displaying species and 
sample arrangements and environmental variation in the ordination 
space. Quantitative environmental variables are shown as arrows 
indicating their direction of variation. Length of an arrow indicates 
their relative importance in explaining species variation. The approxi
mate ranking of species along an environmental vector is given by 
the order of endpoints of perpendicular lines dropped from species 
points onto the vector.

CCA was used on logarithmically transformed data. To avoid an 
excessive amount of noise in the data matrix, which could obscure 
some data features, all species present in fewer than five samples 
were removed from the analysis.

Twenty environmental descriptors have been taken into account, 
and are listed below:

1) pH in KCl (pH), 11)K+exchangeable (K),
2) organic content (Corg), 12) Ca2+exchangeable (Ca),
3) total nitrogen (Nt), 13) Mg2+ exchangeable (Mg),
4) C-to-N ratio (C/N), 14) cadmium (Cd),
5) pore volume (pv), 15) nickel (Ni),
6) field capacity (fc), 16) lead (Pb),
7) K available (Kav), 17) zinc (Zn),
8) P available (Pav), 18) mean annual temperature (t),
9) Mg available (MgaV), 19) mean annual moisture (m),

10) Na+ exchangeable (Na), 20) complexity of the habitat.
Complexity of the habitat is calculated as summed presence of 

the following layers in plant assemblages: A, B, C, D and litter. 
Cover in the particular layer was calculated as follows:

0 -  absent,
1 -  cover less than 20%,
2 -  20 to 50%,
3 -  50 to 70%,
4 -  more than 70%.

As regards the thickness of litter they were numbered:
0 -  absent,
1 -  less than 1 cm,
2 - 1  cm and more.

This gives a scale ranging from 0 to 18.



5.2.5. Analysis of dispersal

The index of dispersal direction was used for quantitative (pres- 
ence-absence) data (L eg e nd re  &  L e g e n d r e , 1983). Comparison of two 
adjacent regions is based upon a combination of three values: the 
number of species present in both regions (a), the number of spe
cies found in region 1 but not in 2, and the number of species found 
in region 2 but not in 1.

DD2 = [2a/(2a + b + c)\[(b -  c) / (a + b + c)]

To test the null hypothesis that there is no asymmetry between 
two sites, the log-linear form of the McNemar test was used, which 
is preferable when the values of b and c can be small (B o r c a r d  et 
al., 1995).

X2 = 2 [b In b + c Inc -  (b + c) In (b + c)/2]

To address the question of species turnover along the transect, 
^-diversity index after W ilso n  and S h m id a  (1984) was computed.

ß= [ g ( H )  + \(H)]/2a

where g(H) and 1(H) are the numbers of species that are respectively 
gained and lost along the transect, and a is the average species rich
ness of the whole system.

Accurate measurement of ̂ -diversity is important in at least three 
ways (W ilso n  8g S h m id a , 1984):

-  it indicates the degree to which habitats have been partitioned 
by species,

-  values of ^-diversity can be used to compare the habitat di
versity of different study systems,

-  ^-diversity and or-diversity together measure the overall diver
sity or biotic heterogeneity of an area.

5.3. Soil analysis

Analyses were made of the physical and chemical properties of 
the soils, which were thought to be of importance in the pedogenesis 
of the sites and of possible significance to the mite fauna. All envi-



ronmental factors have been determined from soil cores, which have 
been taken in close vicinity to the cores used for mesofauna extrac
tion.

Soil composition was determined according to the aerometric 
method of Bouyocos-Casagrande modified by Prószyński (L ityń sk i et 
al., 1976). Soil colour was based on Standard Soil Colour Charts, 
whereas soil structure was described following Systematyka gleb 
Polski (1989).

The methods and appropriate authors used in chemical and 
physical analyses of the soil are listed in Table 8. Five samples were 
collected from each horizon for chemical analyses (volume -  250 cm3) 
and three for physical one (volume -  100 cm3) (Table 7). The deter
mination of soil characteristics was done in pooled material collected 
from each of the investigated horizons.

T a b l e  8
List of methods used, with some remarks on physical and chemical analyses

of the soil

Properties of the soil Method References

pH (H20), pH (KC1) potentiometric method Lityński et al., 1976

Organic content Tiurin’s method, as modified by 
K. Oleksynowa Lityński et al., 1976

Total nitrogen content Standard Kjeldahl method Lityński et al., 1976

Solid particle density pycnometric method Klute, 1986

Bulk density determined in soil cores (na
tural system was preserved) 
put into cylinders (diameter 
53 mm, volume 100 cm3) 
and dried at 105° C

Klute, 1986

Field capacity determined in Richards 
chambers on porous plates

Klute, 1986 
Richards, 1941

K and P available Egner-Riehm’s method Lityński et al., 1976

Mg available Schachtschabel’s method L ityński et al., 1976

K\ NaT, Ca2+, Mg2* 
exchangeable

determined in chemical hood 
of 1 n ammonium acetate

Lityński et al., 1976

Content o f Cd, Ni, Pb 
and Zn

AAS method, PU 9100x model 
of apparatus

Ostrowska etal., 1991

Moisture gravimetrical method, soil 
samples were dried at 105°C

Brady, 1990



Pore volume was determined according to the following formula:

p =  [D -  d/D} 100%

where D is solid particle density and d is bulk density.
Temperature readings have been taken at the times of sampling 

in the air immediately above the dump/meadow/forest floor, at 
a depth of 3.5 cm and 7.5 cm.



Chapter 6. Sampling strategy

A thorough investigation of succession of oribatid communities 
on seven post-industrial dumps of different types was carried out 
using deductive and sequential methods. The deductive approach 
was applied to all dumps. As regards three of the study dumps,
I had an unusual opportunity to use the sequential approach for 
the study of primary succession of oribatid mites.

Generally, there are two approaches to the study of succession 
(K o e h le r , 1999; S t a r y , 1999).

-  space-for-time studies (the deductive approach) are a short
term investigation based on the comparison of biotic and abiotic pa
rameters of a higher number of selected localities with different age, 
and probably the same origin,

-  direct long-term observations (the sequential approach) are 
a long-term study of permanent localities under uninterrupted suc
cession development.

Both of these methods have certain theoretical as well as practi
cal limits. Concerning the first approach we are not absolutely sure 
that differences found between successive stages are the result of 
successive development. Long-term studies are rare because of a 
lack of appropriate sites and project funds. Furthermore, it would 
not be possible to recognize the main determining factors. These 
approaches in the study of primary succession are not alternatives, 
but are complementary techniques. A combination of both ap
proaches is therefore necessary for the study of general successive 
trends (C l e m e n ts , 1963).

Soil samples were collected in all four seasons, on the dumps 
and in the neighbouring biotopes, during the two years. It is a well- 
known phenomenon that oribatids in Europe display two maxima 
of abundance -  in spring and summer (N ie d b a ła , 1980; W a l l w o r k ,



1970). Many authors cite that oribatids are most abundant during 
spring and autumn or at least in autumn in the European climate 
(B lo c k , 1966; H a a r l ö v , 1960; H a m m e r , 1972; H a r d in g , 1969; L e b r u n , 

1964, 1965; M it c h e l l , 1977; S c h e n k e r , 1986; T h o m a s , 1979). Many 
workers therefore decided to collect samples only in these seasons 
(e.g. B e c k m a n n , 1988; B ie ls k a , 1982a, b, 1995; B ie lsk a  &  P a s z e w s k a , 

1995; B r o c k m ann  et al., 1980; F ro u z  et al., 2001; R a j s k i, 1961). Usu
ally they excluded sampling in the winter.

It might be surprising that at most sites on the dumps and other 
investigated biotopes, the richest oribatid fauna was collected dur
ing the winter period (Table 9). This was the case on the dumps at

T a b l e  9
Total number o f oribatid species from the study plots on dumps and in the 

adjacent biotopes, according to season

Locality
Seasons

spring summer autumn winter spring summer autumn winter

Chorzów -  dump 36 48 43 39 42 21 36 29
Chorzów -  meadow 21 11 17 25 15 12 23 25
Wełnowiec -  dump 24 27 43 40 29 19 28 33
Wełnowiec -  meadow 9 13 8 10 6 6 13 10
Biskupice -  dump 57 14 49 76 61 41 57 52
Biskupice -  meadow 29 10 25 22 25 23 20 21
Makoszowy -  dump 24 21 19 26 26 23 26 22
Makoszowy -  forest 19 25 23 27 25 24 25 34
Murcki -  dump 19 37 33 14 21 27 20 11
Murcki -  forest 36 47 62 52 52 56 55 52
Murcki -  tank 30 19 22 39 25 27 28 19
Murcki -  forest 42 34 34 53 38 39 37 45
Brzeszcze -  dump 55 56 62 60 63 60 72 59
Brzeszcze -  meadow 30 24 23 30 19 37 22 30

Bold type indicates the highest number of species on a particular site.

Makoszowy, Biskupice, Murcki (sedimentation tank) and neighbour
ing biotopes (meadows or forests) at Makoszowy, Murcki (tank), and 
Chorzów. Generally the highest proportion of species was collected 
on the dumps in winter (28.5%) during the first year of sampling 
and in autumn and spring during the second year (27.3% in both 
seasons). As regards adjacent biotopes, the highest proportion of 
species was collected during winter periods (28.8% -  I year, 27.5%
-  II year) (Fig. 8). The list of species collected in soil samples during 
the winter is very long (Table 10). These species were found at the 
youngest as well as on the older sites and in the adjacent biotopes. 
Similarly the highest abundance of oribatids was noted in the win
ter period in many cases (Table 11). Such a situation was observed 
on the iron dump at Chorzów (site 3), the zinc dump at Wełnowiec



(site 1) and mine dumps at Biskupice (site 1 and 2), Makoszowy (site
3), Brzeszcze (site 1). Moreover, the highest number of oribatids was 
collected during winter in the adjacent biotopes, e.g. at Chorzów, 
Makoszowy, Murcki (close to sedimentation tank). It might be strik
ing that even on the youngest plots, where usually there was al
most no organic matter and only a few plants covered the area, a 
comparatively high number of mites could be observed in cold 
months.

% 35 

30 

25 

20 

15 

10 
5 

0

Fig. 8. Proportion of oribatid species collected at various seasons from study 
plots on the dumps and in the adjacent biotopes

Taking into consideration the above remarks it must be reason
able to collect mites during all seasons, especially in the winter time. 
Even if the surface is covered with a thick layer of snow or ice, or 
especially when we meet with such a situation.

Species accumulation curves were constructed following the 
bootstrapping method of C o lw e l l  and C odd in gton  (1995). In the 
species accumulation curves the number of samples is accumulated 
on the x-axis and total species richness is accumulated on the y- 
axis. It is a well-known phenomenon that the number of new species 
captured with an increasing number of samples asymptotically tends 
to zero. It means that additional samples added no more informa
tion about species richness. In the present study the species ac
cumulation curves reach an asymptote (i.e. flattens out) in many 
cases (Fig. 9 a-g). However, it happens quickly, after collecting 50- 
60 samples, only at the youngest sites. In some cases the curve 
shows no sign of levelling off, meaning that the total number of 
oribatid species is higher than the maximum collected. Even dur
ing the last (eighth) sampling some new species (usually 1-3) could 
be collected, e.g. at Chorzów -  site 2 and 3 and on the meadow, 
Makoszowy -  in the forest or at Biskupice -  site 2. It seems that

□ dumps □ neighbouring biotopes

spring summer autumn winter spring summer autumn winter



T  a b l e  10
Oribatid species collected in soil samples only during winter period

Locality Site Species

Chorzów Site 2 

Meadow

Brachychochthonius cricoides, Conchogneta delacarlica 

Banksinoma lanceolata canadensis

Wełnowiec Site 3 Suctobelbella cornigera, Scutovertex sculptus

Biskupice Site 1

Site 2 

Site 3

Meadow

Belba paracorynopus, Ceratozetes gracilis, Damaeobelba 
minutissima, Galumna obvia, Heminothrus peltifer, Nothrus 
silvestris, Ońbatula tibialis, Schelońbates latipes, Suctobel- 
bila tuberculata

Liebstadia similis, Liochthonius propinquus

Chamobates voigtsi, Liochthonius tuxeni, Nothrus anaunien- 
sis, Spatiodamaeus boreus, Suctobelbella similis, Suctobel- 
bila tuberculata

Quadroppia quadricarinata virginalis

Makoszowy Site 1 

Site 2 

Site 3 

Forest

Berniniella sigma 

Ceratozetes bulanovae 

Suctobelbella nasalis

Discoppia cylindrica, Liochthonius globuliferus, Liochthonius 
piluliferus, Liochthonius strenzkei, Quadroppia quadrica
nnata maritalis, Paradamaeus clavipes

Murcki
(dump)

Site 2 

Site 3 

Forest

Rarnusella insculptum 

Platyliodes scaliger

Cepheus grandis, Eupthiracarus reticulatus

Murcki
(tank)

Site 1

Site 2 

Site 3

Forest

Atropacarus striculus, Ceratozetes gracilis, Eniochthonius 
minutissimus, Lauroppia falcata, Quadroppiapaolii

Chamobates voigtsi, Quadroppia paolii

Banksinoma lanceolata canadensis, Ceratozetes gracilis, 
Chamobates voigtsi, Eupelops plicatus, Lauroppia falcata, 
Suctobelbella nasalis

Carabodes marginatus, Hypodamaeus interlamellaris, 
Liochthonius propinquus, Liochthonius simplex, Suctobelba 
trigona, Suctobelbella messneri, Suctobelbella similis, Sucto
belbella subtrigona

Brzeszcze Site 1 

Site 2 

Site 3

Meadow

Liochthonius sellnicki

Medioppia obsoleta, Nothrus silvestris

Metabelba papillipes, Nanhermannia nanus, Poeciliochtho- 
nius italicus, Trichoribates trimaculatus

Quadroppia paolii



T a b l e  11
Abundance (per square metre) of oribatid mites on the study sites,

according to season

Sites Seasons

Chorzów

Site 1 
Site 2 
Site 3 
Meadow

sum 
1 167 

30 111 
27 667 

3 611

aut 
5 222 

47 556
30 944 
17 074

win 
4 111 

19 333 
34 167 
24 076

spr 
1 444

12 778 
11 444
13 222

sum 
611 

6 166 
6 333 
5 704

aut 
2 500 

16 055 
29 444 
15 148

win 
167 

6 389 
17 778 
23 776

spr 
778 

7 334 
18 722 
6 944

Wełnowiec

Site 1 
Site 2 
Site 3 
Meadow

aut 
444 

23 445 
62 333

7 444

win 
16 667

6 833 
29 833 

9 222

spr
18 333
3 444 
7 722
4 611

sum
222

3 778 
6 889
4 722

aut 
167 

3 556 
22 722 
20 333

win 
8 666 
6 889 
6 722 
9 222

spr 
3 666 
5 389 

15 722 
3 722

sum 
56 

5 611 
9 889 

19 000

Biskupice

Site 1 
Site 2 
Site 3 
Meadow

spr 
5 000 

22 000 
12 722 
11 556

sum 
1 500 
1 722 

667 
5 889

aut 
5 500 
9 889

19 833
20 167

win 
14 611 

69 111
17 833 
16 222

spr
12 556 
25 278 
18 556
13 833

sum 
1 000 

18 833 
4 333 

14 667

aut 
18 000 
73 833 
19 611 
8 778

win 
43 389
45 056 

5 944 
8 167

Makoszowy

Site 1 
Site 2 
Site 3 
Forest

spr 
5 556 
2 677 
7 778 

14 111

sum 
6 111 
1 611 
4 444 

24 500

aut 
8 222 

778 
8 167 

33 500

win 
5 444 
2 556 

23 833 
54 667

spr 
7 056 

10 167 
10 778 
32 444

sum 
11 222 
4 389 
6 222 

29 222

aut 
23 500 
11 889

9 056 
21 556

win 
10 611 
9 889 
6 722 

35 889

Murcki (dump)

Site 1 
Site 2 
Site 3 
Forest

sum 
6 222 

15 222
21 222 
55 037

aut 
4 389 

11 166 
40 945
45 852

win 
722 

1 000 
8 666 

71 185

spr 
556 

2 111 
14 389 
41 722

sum 
778 

1 222 
33 556 
68 889

aut
56 

1 778 
19 556 

72 148

win
0 

611 
2 833 

70 445

spr 
111 

1 945 
10 000 
51 407

Murcki (tank)

Site 1 
Site 2 
Site 3 
Forest

spr
1 389
2 111 

13 000 
46 111

sum 
56 

4 833 
18 000 
18 667

aut 
333 

2 167 
17 167 
50 944

win 
556 

6 278 
22 222 
68 611

spr 
667 

5 222 
28 000 
63 389

sum 
778 

2 611 
16 500 
37 556

aut 
889 

1 000 
24 611 
42 500

win
0 

111 
49 278
58 944

Brzeszcze

Site 1 
Site 2 
Site 3 
Meadow

win 
20 389
12 667 
33 778 
14 667

spr 
6 722 

17 278 
85 444
13 444

sum 
11 889 
11 167 
47 722 
17 833

aut 
7 500 

36 556
23 278 
10 778

win 
6 333 

20 556 
58 111 
14 167

spr 
8 111 

17 444 
68 389 
12 722

sum 
10 611 
24 611 
14 889 
10 278

aut 
15 611 
18 056 
69 778 
31 833

Bold type indicates the highest abundance on a particular site.



nu
m

be
r 

of 
or

iba
tid

 
sp

ec
ies

 
nu

m
be

r 
of 

or
iba

tid
 

sp
ec

ies
 

nu
m

be
r 

of 
or

iba
tid

 
sp

ec
ies

 
nu

m
be

r 
of 

or
iba

tid
 

sp
ec

ie
s

- * - C  1 
- a - C 2  

-A-C 3 
* C M

^ W 1  
+  W2 
▲ W 3 

-*-W M

B 1

■ CD CM

▲ B 3
B M



—♦— M D 1

M D 2

— M D

CO

—* —M D F

I-ł

1

- * - m t 2

— MT 3

h-f

F

— B R 1

— B R 2

- * — B R 3

- » « - B R M

Fig. 9. Cumulative “species-sample” curves representing the 
number of oribatid species captured by successively cumulating 
samples
a -  Chorzów (C), b -  Wełnowiec (W), c -  Biskupice (B), d -  Makoszowy 
(M), e -  Murcki (dump) (MD), f -  Murcki (tank) (MT), g -  Brzeszcze (BR)

Colonization. 65



the question put forward by B o rc ard  et al. (1995), whether the total 
number of mite species captured can be obtained or not, is always 
actual. T ro jan  (2000) stresses that a researcher never can be cer
tain that the full set of species was recognized for the study area. 
Each faunistical/ecological study is burdened with error, having 
a magnitude that is difficult to estimate. There may be more or fewer 
species inhabiting the area than has been recorded during the 
investigations. Together with resident species inhabiting the ecosys
tem, there are immigrant, emigrant and visiting species occurring 
in it. The fauna is part of a living dynamic system (T r o j a n , 2000).



chapter 7. Oribatid mites
on post-industrial dumps 
-  characteristics 
of communities

The most complex oribatid communities occur in forests. Our 
understanding o f their structure and function is still far from 
complete (W a llw o rk , 1983). Will the task be simplified by narrow
ing the study to the oribatid communities on post-industrial dumps? 
Such degraded land usually displays low spatial complexity, an 
absence of biological diversity, a harsh microclimate and, in biologi
cal terms, an extremely unpredictable future (M a je r , 1989b). These 
conditions place such degraded areas within the r-selecting zone of 
the habitat templet. As time proceeds and the vegetation develops, 
plants buffer the microclimate and the area moves towards a K- 
selecting zone (M a je r , 1989b).

Since a post-industrial dump differs in its physical and botani
cal structure from that of the surrounding vegetation, it may func
tion as an ecological “island” (M a je r , 1989b). Significant areas of 
post-industrial wastelands, as we know them, differ from other man- 
made habitats in being the by-products of man’s activities rather 
than deliberate creations (Davis, 1986). Taking into consideration the 
immense loss of biological diversity, which is mainly associated with 
the loss of wildlife, there is a strong need to study this aspect of 
the environment. There is also a need to study artificial biotopes, 
those created by man. One of the reasons is because they form 
a significant part of our present landscape (N iedbała , 1972). More
over, post-industrial dumps represent a rare opportunity to observe, 
from the very beginning, how a new ecosystem is built from its con
stituent elements.



In this work, we observe, using the example of the most impor
tant part of the soil mesofauna, the colonization and development 
of oribatid mite fauna in an unfriendly environment. Over 133 300 
specimens of mesofauna, representatives of Acari and Collembola, 
were extracted from 5260 soil samples collected at seven localities 
(Table 12). During the study period over 73 000 oribatid mites were

T a b l e  12
General data on the material collected at seven localities

Oribatida Number of individuals

Locality number 
of adults

number 
of juve

niles

total
number

num
ber of 
species

Gama-
sida

other
Acari

Acari in 
total

Collem
bola

Chorzów (C) 6 0 4 2 2 9 0 0 8 9 4 2 68 1 8 9 0 4  611 15 4 4 3 3 2 4 6
Wełnowiec (W) 4  2 4 0 1 4 3 9 5 6 79 51 1 2 99 4  5 63 11 541 1 9 3 6
Biskupice (B) 6  8 4 2 3 3 4 7 10 189 87 1 3 5 4 3 197 14 7 4 0 2 147
Makoszowy (M) 5 9 4 2 2 0 6 0 8 0 02 76 3 051 5 130 16 183 3 7 8 5
Murcki (MD) 11 5 4 8 3 9 1 0 15 4 5 8 9 9 2 2 4 7 4  7 3 8 2 2  4 4 3 5 2 1 9
Murcki (MT) 8 2 4 3 2 6 33 10 8 7 6 9 4 1 8 9 3 2 2 0 3 14 9 7 2 2 4 7 6
Brzeszcze (BR) 10 0 8 5 3 8 22 13 9 0 7 90 1 4 9 4 1 8 2 5 17 2 2 6 1 9 7 7

In total 52 942 20 111 73 053 171 13 228 26 267 112 548 20 786
data used in the sequential approach of the successional studies

Chorzów 
(Skubała, 1995  

-  sites 1 and 2)

8 1 0 7 0 8 1 5 1 8 38 7 1 0 1 7 6 3 3 991

Wełnowiec 
(Skubała &  
C iosk, 1 99 9 )

2 5 4 3 1 199 3 7 42 32

Brzeszcze 
(Skubała, 1996)

16 4 3 4 3 7 2 2 2 0  156 66

collected, of which 52 942 adults were identified to 172 morpho- 
species. Additionally, the data on oribatids from three dumps 
(Chorzów, Wełnowiec and Brzeszcze) were used in the study of 
primary succession using the sequential approach. These results 
have been published in the following papers: S k u b a ła  (1995, 1997b) 
and S k u b a ła  &  C io s k  (1999). The material included 25 416 oribatid 
mites. Eight other oribatid species were found on these dumps in 
the past.



300pm
Fig. 10. Scutovertex sculptus M ich a e l, 1879 -  a big and heavily sclerotized oribatid mite 
from the establishment phase (site 1) o f the iron dump at Chorzów and the mine dump 
at Biskupice



1 0 0 p m

F ig .  1 6 . Ceratozetes mediocńs B e r le s e ,  1908 -  “early” successional species on the 
contaminated zinc dump at Katowice Welnowiec



100pm

Fig. 34. Liochthonius propinquus N ied b a ła , 1972 -  a representative of the Brachychthonidae 
family, abundantly present in early successional stages on the dumps



300pm
Fig. 35. Eupelops tardus (C.L. K och , 1836) -  “late” successional species on the iron 
metallurgic dump at Chorzów



7.1. Pioneer oribatid communities in extreme 
habitats

The colonization of new substrates is clearly akin to succession 
being essentially the first stage of a successional process (U s h e r  et 
al., 1982). Six sites at different types of dumps were selected to study 
the earliest successional stage. The coal-mine dumps at Brzeszcze 
were excluded from this analysis because of reclamation measures 
carried out on them. Initial plant assemblages similar in their stage 
of vegetation development covered all these plots, although the time 
since dumping had ceased varied between sites. It ranged from 4—
5 years (Makoszowy) to over 15 years (Welnowiec) (see Table 4). The 
abundance of oribatids was generally low and did not exceed 2100 
individuals per square metre at most sites (Table 13). However, the 
mite population was surprisingly high at the mine dump at

T a b l e  13
Characteristics of pioneer oribatid mite communities on the post-industrial

dumps studied

Chorzów
(C)

Welnowiec
(W)

Biskupice
(B)

Makoszowy
(M)

Murcki
(MD)

Murcki
(MT)

Abundance 
of adults

1 035 ± 244 1 403 ± 383 2 972 ± 705 4 271± 461 583 ± 117 479±117

Abundance 
of juveniles 

Total

966 ± 222 667 ± 156 9 723 ±2 161 5 444±839 1 021 ±339 69 ±28

abundance 2 001 ±400 2 090 ± 472 12 695+2 533 9 715±1 144 1 604+422 548+128
Proportion of 

oribatids in 
total num
ber of mites 
(%)

31.9 22.0 77.0 38.7 32.0 43.7

Number of 
families

8 8 18 8 7 14

Number of 
species

16 13 33 15 14 22

Species diver
sity (H')

1.742 1.711 1.899 1.208 2.048 2.366

Equitability (J) 0.628 0.667 0.543 0.446 0.776 0.765
Proportion of 

oribatids in 
lower sec
tion (B) of 
the soil (%)

8.7 6.0 14.8 7.7 10.0 32.9

Abundance is the mean value ± S.E. number of specimens m'2.



Biskupice (over 12 000 per square metre) and slightly fewer than 
10 000 per square metre on the mine dump at Makoszowy. The pro
portion of juvenile forms varied between sites. It was very low in 
the sedimentation tank (12.7%) and high on the mine dump at 
Biskupice (76.6%).

As regards the proportion of oribatids among the general popu
lation of mites, the mine dump at Biskupice also had the highest 
percentage (77.0%). The proportion of oribatids was noticably lower 
in other mite communities. The number of oribatid species, which 
occurred in the colonizer populations, was very similar at most sites 
(from 13 to 22). Again, the mine dump at Biskupice displayed the 
highest species richness (33 species). The analysis of the species 
diversity (H) and  e q u i t a b i l i t y  (J) leads to different conclusions. 
It was generally low; the highest species diversity as well as very 
high equitability was observed with the oribatid mite community in 
the sedimentation tank. The proportion of oribatids collected in the 
lower section of the soil (3.5-7.5 cm) was lowest on the zinc dump 
(6.0%) and highest in the sedimentation tank (32.9%) (Table 13).

Sixty-one oribatid species were found on six dumps, after sev
eral years of colonization (see Appendix 6 -  CD-ROM). Is the high 
biodiversity of oribatid fauna in the colonizer populations only the 
result of species occasionally visiting the sites and disappearing 
soon? It seems not, because 14 species were found as dominants 
on six dumps studied (Table 14). Only Oppiella nova and

T a b l e  14
Dominant species in the pioneer communities of oribatid mites on the dumps

Species
Chorzów

(C)
Wełnowiec

(W)
Biskupice

(B)
Makoszowy

(M)
Murdd
(MD)

Murdd
(MT)

Adoristes poppei - - 7.0 0.2 - -
Autogneta longilamellata - - - - - 8.7
Brachychochthonius cricoides 0.7 - 0.2 9.3 5.9 -
Brachychochthonius immaculatus - 1.5 0.2 1.1 14.3 -

Ceratozetes mediocris - 11.9 0.9 - - -

Liochthonius piluliferus - - - - 13.1 -

Liochthonius propinquus 9.4 1.5 - - 3.6 -

Liochthonius simplex - - - 5.8 - 2.8

Oppiella nova 15.4 8.9 3.8 6.0 36.9 40.6
Peloptulus phaenotus - 23.8 - - - -

Ramusella (I.) insculptum - - - - 7.1 -

Scutovertex sculptus 51.0 - 35.4 - - -

Suctobelbella sarekensis 2.0 1.5 0.5 0.2 - 7.3
Tectocepheus velatus 7.4 42.1 35.6 69.2 7.1 2.8

Bold typed values indicate dominant species on a particular dump.



Tectocepheus velatus, the most well-known and ubiquitous of ori
batids, occurred as dominants (or superdominants) at most sites. 
Their proportion in the communities differed considerably between 
dumps. The other dominant species were different at particular 
dumps. Even dumps of a similar type were characterized by a totally 
different set of dominants. For instance Adoristes poppei, Scutovertex 
sculptus (Fig. 10) dominated on the mine dump at Biskupice, 
whereas Brachychochthonius cńcoides, Liochthonius simplex and 
Oppiella nova were dominants on the mine dump at Makoszowy. The 
colonizing species are discussed in detail in the chapter “Coloni
zers and persisters on dumps”.

Let’s consider the results of the canonical correspondence analy
sis (CCA). This ordination method (T e r  Braak, 1988) was used to 
disentangle the relative importance of environmental factors as 
regulating forces during the development of pioneer oribatid com
munities on the dumps. The analysis was made separately for the 
level A (0-3.5 cm) and level B  (3.5-7.5 cm depth) (Fig. 11 and 12). 
The eigenvalue (the dispersion of the sites/species distribution along 
the ordination axis) was significant for axis 1 (0.520 -  level A and
0.472 -  level B) and axis 2 (0.752 -  level A and 0.532 -  level B) in 
both analyses. The ordination axes are considered as significant 
when their eigenvalue is higher than 0.3 (D ekkers et al., 1994). High 
eigenvalues reflect the great dissimilarity of the oribatid mite com
munities at the pioneer stage of primary succession on different 
dumps. The first and the second axis of ordination explained over 
48 per cent of the total variance of the pioneer communities in upper 
levels. Sites are well separated on the ordination plot, and they are 
influenced by different environmental variables.

The pioneer populations on the zinc dump at Wełnowiec are 
mainly affected by zinc, lead and cadmium content. That is not 
surprising, because the amount of heavy metals in the soil on that 
dump is extremely high. Other pioneer communities are most closely 
correlated with other variables, e.g. organic carbon content at 
Biskupice, potassium content at Murcki (tank) or moisture at Murcki 
(dump). With regard to oribatid fauna inhabiting the lower section 
of soil, axis 1 and 2 explained 53% of the total variance. Four pioneer 
communities are ordinated in the negative part of axis 1 and in the 
lowest position of axis 2. They were influenced by a similar set of 
environmental variables, e.g. pH, organic carbon, potassium and 
available phosphorus content. The pioneer oribatid community on 
the mine dump at Murcki is ordinated at the right end of axis 1. 
It is affected by the content of available magnesium and by the field 
capacity. Oribatids of the pioneer community in the sedimentation
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Fig. 11. CCA ordination biplot of sites for the pioneer oribatid communities on dumps (level A); first and second axis
codes o f the sites: Table 4
codes of the environmental variables: Appendix 4



Axis 1
Fig. 12. CCA ordination biplot o f sites for the pioneer oribatid communities on dumps (level B); first and second axis
codes of the sites: Table 4
codes of the environmental variables: Appendix 4



Basic data on oribatid mite fauna on selected post-industrial dumps

Type of dump
Age 

(in years)

Abun
dance

(indiv./
m2)

Number
of

species

Species 
diversity 

[H')
Dominant species References

1 2 3 4 5 6 7

Leveled ironstone quarry 1 771 9 and 12 Punctoribates punctum Davis, 1963

Reclaimed ironstone workings 5 533.5 5 and 8 P. punctum, Oppia clavipectinata
and Tectocepheus velatus

Reclaimed brown-coal spoil
heaps 1 11 894 D unger, 1968

3 50 033
7 7 902
10 6 198

Reclaimed pit heap very low H utson, 1972

Lead m ine spoil heaps very low W illiamson & Evans, 1973

Reclaimed brown-coal 1 month 0 Hermosilla, 1976
m ining sites 1 0

3 very low
5, 8, 10 and very low
12 (mean)

Coal shale pit-heaps 1-2 < 580 Hutson & Luff, 1978

Dumps o f open rock mines 4 3 520 9 Oppiella nova (64%) Babenko, 1980
(forest restoration) 8 1 000 9

11 31 000 12 Oppiella nova (66%), Microppia
minus (30%)

7 15 840 10 Tectocepheus velatus and Schelori-
12 22 560 12 bates laeuigatus (to 57%)
25 21 800 13 Punctoribates punctum

Refuse tips very low Brockmann et al., 1980



Reclaimed coal pit heaps 0 0

Reclaimed mine dumps

3 months 
18 months 
18 months 

7

302 
176 
107 

2 214 9

10 26 267 14
23 29 528 21

40 29 199 16

Refuse tips very low

Rubble dumps very low

Coal-shale tips 
-  Welch Whittle 3-4 5 800- 9-15

-  Pennington Flash 3-4
50 900 
1 1 DO- 7-18

Rubble dump 
-  non-reclaimed 0-4

62 000 

to 48 000 13

-  reclaimed 0-4 to 59 600 17

Reclaimed mine dump 8-12 8 928 63

1.792

1.975
2.267

1.730

to 0.75 

to 0.98 

2.645

I mainly Belbidae and Oribatellidae

Tectocepheus velatus (40.4%), 
Scutovertex minutus (14.9%) 
Ceratozetella sellnicki (37.2%) 
Eupelops torulosus (24.3%), 
Punctońbates zachvatkini (21.8%) 
Quadroppia quadricannata (32.5%), 
Oppiella nova (11.8%)

Mbcochthonius laticeps (48.2- 82.9%) 

Oppiella nova (8.4-87.2%)

Oppiella nova, Tectocepheus 
sarekensis
Tectocepheus sarekensis, Oppiel
la nova
Punctońbates punctum (23.6%), 
Tectocepheus velatus (15.3%), 
Eupelops occultus (11.6%), 
Schelońbates laevigatus (10.2%)

H utson , 1980 a

B ie lska , 1982 b

Brockm ann &  K o e h le r , 

1982

K o e h le r ,  1983 

Luxton , 1982

Beckmann, 1988

Żbikowska-Zdun, 1988



-a
a>

1 2 3 4 5 6 7
Non-recultivated mine 7 795 2 0.636 Oppiella nova (33%) B ielska, 1995

dumps 10 3 963 3 0.551 Tectocepheus velatus (75.0%)
15 5 535 11 2.012 Oppiella nova (21%), Tectocepheus 

velatus (18%)
20 13 396 9 1.975 Ceratoppia bipilis (21%), 

Tegoribates latirostris (16%), 
Quadroppia quadricarinata (16%)

30 45 539 15 1.710 Oppia globosa (27.6%), Tectoce
pheus velatus (15.8%), Oppiella 
nova (15.1%)

Reclaimed ash dumps 3 13 896 40 2.801 Tectocepheus velatus (12.3%), 
Schelońbates laevigatus (12.1%)

B ielska

& Paszewska, 1995
3 486 9 2.084 Tectocepheus velatus (20%), 

Nanhermannia nanus (20%)
11 3 681 18 1.507 Tectocepheus velatus (64.1%)
11 243 4 1.089 Tectocepheus velatus (60%)
11 265 5 1.362 Tectocepheus velatus (40%), 

Ceratozetes mediocńs (33.3%)
11 2 091 12 1.181 Quadroppia quadricarinata (68.9%)

Brown coal dumps 1 month 73-182 2-5 0.69-1.4 Tectocepheus velatus (50%), Proto- 
ribates hexagonus (50%), Tricho- 
ribates trimaculatus (50%)

Stebaeva

& Andrievskii, 1997

7 901- 
4 427

2-5 0.07-0.7 Tectocepheus velatus (98.8%), 
Microppia minus (50%)

25 9 724- 
28 873

11-15 1.44-1.82 Tectocepheus velatus (45.4%), 
Punctoribates sphaericus (22.8%)

Open-cast coal mine dumps -50 26 500 63 D unger et al., 2001
(afforested in 1952) (1985) 

24 400 
(1997-98



-50 95 400 65
(1985)
18 300

(1997-98)
Reclaimed open-cast coal -30
mining areas -60

Abandoned pyrite process 0-4015 0-17
ing sedimentation ponds

-  non-reclaimed 2 257- 8-17
-  reclaimed 15 302

I Tectocepheus sarekensis, F rou z e t a l., 2001
I Oppiella nova

Tectocepheus velatus (to  72.4%), H u b ert, 2001

Galumna lanceata (to 15.8%)

Tectocepheus velatus (to 68.8%),
Ceratozetes mediocris (to 41.0%)



General characteristics of oribatid mite communities on selected dumps
(in author’s publications)

00

Type of dump Age 
(in years)

Abun
dance

(indiv./
m2)

Number
of

species

Species
diversity

(H)
Dominant species References

1 2 3 4 5 6 7

Iron metallurgic dumps Skubała, 1995
(Bytom)

-  non-reclaimed 5 15 167 35 2.789 Tectocepheus velatus (18.6%), 
Punctoribatespunctum (14.7%),

-  reclaimed 30 15 779 32 2.213 Schelońbates laevigatus (10.6%) 
Tectocepheus velatus (45.1%)

-  reclaimed 40 25 611 42 2.651 Tectocepheus velatus (23.6%), 
Liebstadia similis (19.0%)

Abandoned old galena- >100 (pine) 51 792 84 3.203 Oppiella nova (19.5%), Lauroppia Madej & Skubała,
calamine wastelands falcata (15.0%), Quadroppia paolii 

(6.1%)
1996

>100 (beech) 29 378 73 3.353 Lauroppia falcata (13.5%), 
Oppiella nova (10.8%)

Galena-calamine wastelands 5-30 4 806- 
20 528

26-42 2.188-
3.043

Zygoribatula exilis, Scutovertex 
sculptus, Oribatula tibialis, Eupelops 
tardus, Achipteria nitens, Oppiella 
nova, Achipteria coleoptrata

Skubała, 1996

Dump of a coal burning 30 9 833 46 1.993 Oppiella nova (46.7%), Medioppia Skubała, 1997a
power plant obsoleta (17.4%)

Dump of a chemical plant 30 9 446 45 2.069 Tectocepheus velatus (34%), 
Berniniella rafalskii (19%)

Skubała, 1998



Abandoned galena-calamine 
wastelands

> 150 23 578 68

Abandoned galena-calamine 
wastelands 
-  afforested > 50 9 318 38

-  unforested > 50 5 674 28

Dumps of the zinc and lead 
industry 
-  reedy area -6 13 384 18

-  afforested
-  unforested

> 20 
> 20

6 911 
633

17
10

Dolomitic dump 
-  bottom > 30 14 241 34

-  top > 30 8 296 17

3.304

2.38

1.76

1.60

0.94
1.51

2.154

1.278

Oppiella nova (13.3%), Quadroppia 
quadricarinata virginalis (8.6%), 
Dissorhina ornata (6.8%)

Achipteria coleoptrata (23%), 
Dissorhina ornata (20.5%), 
Chamobates voigtsi (12.9%) 
Tectocepheus velatus (43.5%), 
Protoribates variabilis (28.2%)

Oppiella nova (37.3%), 
Liochthonius lapponicus (26.8%), 
Liochthonius propinquus (15.2%) 
Tectocepheus velatus (80.6%) 
Oppiella nova (53%)

Tectocepheus velatus (32.5%), 
Protoribates capucinus (24.5%), 
Achipteria coleoptrata (14.4%) 
Tectocepheus velatus (71%)

Skubała &  M ad e j, 1997 

M a d e j &  Skubała, 1998

Skubała et al., 1998

Skubała, 1999



tank are located in the upper section of axis 2 and are mainly 
affected by the sodium content.

There were striking differences between the six pioneer oribatid 
communities that were investigated, which may suggest that chance 
rules during the formation of pioneer communities. What are the 
reasons for the significantly higher abundance, species richness, 
large proportion of oribatids in mite assemblages, and the highest 
proportion of juveniles in the oribatid community on the mine dump 
at Biskupice? It could not be the time duration, because the de
velopment of oribatid communities on the dumps at Murcki or 
Chorzów had extended for a greater length of time than on the dump 
at Biskupice. Furthermore, vegetation development did not differ 
considerably between the pioneer sites. The dump is adjacent to 
meadow, whereas forests are particularly abundant in mites. Three 
other dumps were surrounded by forest (Makoszowy, Murcki -  dump 
and sedimentation tank). The only possible factor affecting the 
development of oribatid fauna in the pioneer community at Biskupice 
seems to be the amount of organic carbon, as shown by CCA 
analysis.

According to biocoenotic principles (T h ie n e m a n n , 1939), there are 
only a few species at “extreme” habitats, albeit sometimes in great 
numbers. Is the pile of toxic or non-toxic waste 5-10 years after the 
cessation of deposition an “extreme” habitat for oribatids? Looking 
at the abundance of several thousand specimens per square metre 
and the occurrence of over 30 oribatid species in the plot, we should 
consider whether such a habitat is really an “extreme” one from the 
point of view of oribatids. Oribatid mites appear to be successful 
colonizers of spoil heaps.

We can conclude that successional oribatid communities are not 
initially similar. They can differ noticeably with regard to abundance, 
species richness, diversity, proportion of juveniles, or set of domi
nant species. The environmental factors that influence the differ
entiation between pioneer oribatid communities are also variable.

General data on oribatid communities on different kinds of post
industrial dumps, which have been studied in the past by a limited 
group of authors, are presented in Tables 15 and 16. Unfortunately, 
to compare our data with those in the Tables is not always pos
sible. Most of the studies were strictly associated with the reclama
tion of dumps. And reclamation measures (delivery of soil, introduc
tion of vegetation, liming, etc.) considerably influence the develop
ment of oribatid fauna. Some of the newly reclaimed dumps 
displayed high abundance and species richness of oribatids, e.g. 
brown-coal spoil heaps in Dunger’s study -  over 50 000 m2 (D u n g e r , 

1968) or coal-shale tips in England -  up to 60 000 m2 and 18 species



(Luxton, 1982). Other pioneer populations o f oribatids on newly 
reclaimed dumps are low, e.g. coal pit heaps in England -  up to 
300 m2 (Hutson, 1980a) or an ash dump in Poland -  fewer than 500 
m2 and 9 species (Bielska & Paszewska, 1995). As regards new non
reclaimed dumps, the abundance and species richness o f mites 
varied between dumps, as they did between the sites of this cur
rent study. Between 2 and 5 oribatid species with the abundance 
from 901 to 4427 m2 were noted on brown coal dumps in Russia 
(Stebaeva & Andrievskii, 1997). B ielska (1995) noted only 2 species 
(Oppiidae and Suctobelbidae, not determined to species!) and an 
abundance of 795 m2 on mine dumps (7 years of age). Skubała (1995) 
found 35 oribatid species with an abundance of over 15 000 m2 on 
a 5-year-old iron metallurgic dump in Bytom.

7.2. Formation of oribatid mite communities 
-  rate of development

A number of physical and chemical changes occur in the soil as 
a dump matures. Moreover, botanical changes are the most visible 
and are well documented in the literature (M a je r , 1989b). Changes 
in the soil and vegetation on the dumps studied are summarized 
in Appendices 2-4 (CD-ROM) and Tables 5 and 6. These include 
some of the following:
• a reduction in the proportion of bare ground,
• a more buffered microclimate,
• an increase in plant cover in certain strata,
• an increase in plant height,
• an initial increase in plant species richness,
• an increase in the structural complexity of the vegetation,
• an increased litter layer,
• an increase in soil porosity,
• an increase in the organic content,
• an increased capacity for water holding.

How does the development of oribatid fauna proceed on the 
dumps? Do oribatid mite communities follow clear and predictable 
changes in relation to vegetation development and habitat improve
ment? Do particular characteristics for Oribatida (e.g. abundance, 
species richness, and diversity) gradually increase with the increas
ing age of dumps? In this chapter we will consider some general 
features of oribatid communities.

6 - Colonization.. 81



7.2.1. Abundance

At first we start with a comparison of the mean abundance of 
the oribatid mite communities that were studied on the dumps. 
Table 17 gives the calculated F-values after the analysis of two-way 
ANOVA and the confidence level for two sources of variation -  site 
and season. Prior to analysis of variance, data were log-transformed 
to improve normality. The SNK (Student-Newman-Keuls) test was 
used to compare site means (a = 0.05) within each locality. The two- 
way ANOVA revealed significant differences in oribatid abundance 
among all sites and between most of the seasons. Significant dif
ferences within the interaction of these two variables (p < 0.05) at 
most locations were not observed. A site-by-date interaction (p< 0.05) 
was observed on the dump at Wełnowiec, Brzeszcze and for three 
other dumps (Biskupice, Makoszowy and Murcki -  dump) when the 
neighbouring biotopes were also included in the analysis.

A smooth developmental trend was seen at five localities 
(Chorzów, Wełnowiec, Murcki -  dump and tank, Brzeszcze) when we 
compared the mean abundance during successional stages. The 
mean oribatid abundance differs significantly (p < 0.05, the SNK test) 
between pairs of sites within each location. The fastest development 
occurred between the intermediate (site 2) and sub-climax (site 3) 
stages. Only on the dump at Chorzów were the differences in 
abundance between the sites not so remarkable, although they were 
still statistically significant (p < 0.05, the SNK test). Three of the 
dumps were studied using sequential methods (see the chapter 
“Direct long-term studies of succession”). We will see if this clear 
trend is to be confirmed.

Two other coal-mine dumps at Biskupice and Makoszowy did not 
follow this pattern. Strikingly high abundance of oribatids was found 
at site 2 at Biskupice (33 215 m'2). The number of mites in the 
pioneer community (12 695 m'2) was also high, slightly higher than 
in the forest assemblage at site 3. Statistically significant differences 
(the SNK test, p<0.05) were noted only between the following pairs 
of sites: 1-2 and 2-3. The opposite situation was found on the dump 
at Makoszowy. Abundance at site 2 (5493 m'2) was noticably lower 
than on other sites. Surprisingly the abundance at site 1 was highest 
(9715 m‘2), even slightly higher than at site 3 (situated very close 
to the forest and with some tree species in the B layer). There was 
no statistical difference between abundance at these sites (the SNK 
test, p  = 0.28). We will look at the reasons for these different levels 
of abundance on these dumps in the following chapters. We con
cluded that the general rule of a faster change in abundance dur-



The mean abundance of oribatid mites (figures are mean ± S.E. number of specimens m'2) on the study sites and results 
of variance tests (two-way ANOVA). Mean abundances (indiv./m2) are compared by the Student-Newman-Keuls (SNK) 

method to test for differences between sites. Tests are carried out on the log (x+1) transformed data

00
CO

Site 1 Site 2 Site 3
Two-way ANOVA Neighbouring Two-way ANOVA

F-ratio P biotope F-ratio P
Chorzów sites

seasons
sites x seasons

2 001+400 a 18 21513 761 b 22 06212 089 c 104.04
5.89
0.49

0.000
0.001
0.81

14 41411 839 b 70.33
11.21
1.64

0.000
0.000
0.10

Welnowiec sites
seasons
sites x seasons

2 0901472 a 7 36811 250 b 20 19412 811 c 87.06
10.09
7.84

0.000
0.000
0.000

7 1161783 b 58.16
10.99
6.58

0.000
0.000
0.000

Biskupice sites
seasons
sites x seasons

12 695+2 533 a 33 21513 455 b 12 43711 661a 39.98
45.33
1.83

0.000
0.000
0.09

12 410+1 050 a 30.28
41.65
4.69

0.000
0.000
0.000

Makoszowy sites
seasons 
sites x seasons

9 715+1 144 b 5 4931833 a 9 62511 117b 11.88
2.59
2.09

0.000
0.053
0.054

30 73612 855° 54.70
3.59
2.36

0.000
0.014
0.013

Murcki
dump

sites
seasons
sites x seasons

1 6041422 a 4 382+817 b 18 89611 983 c 111.47
26.63
1.35

0.000
0.000
0.24

59 974+4 067 d 257.00
20.51
3.32

0.000
0.000
0.001

Murcki
tank

sites
seasons
sites x seasons

548+128a 3 0421661b 23 59713 878° 182.01
0.86
0.61

0.000
0.46
0.72

48 340+3 778 d 311.17
2.34
1.49

0.000
0.073
0.151

Brzeszcze sites
seasons
sites x seasons

10 89611 056 a 19 79211 889 b 50 174+5 200 c 60.32
1.52
3.23

0.000
0.208
0.004

15 715+1 772 b 44.17
1.10
2.33

0.000
0.348
0.015

Bold typed values denote significant differences between abundances at the 0.05 and lower probability level. The results of the SNK test are given by 
letters. Means sharing a common letter (a, b or c) do not differ significantly from other means at the 5% level.



in g  e a r ly  s u c c e s s io n a l s ta g e s  r a th e r  th a n  in  la te r  o n e s  (F rouz e t  a l., 
2 0 0 1 ) is  n o t  a n  e s ta b lis h e d  p h e n o m e n o n .

Regarding the abundance noted in neighbouring biotopes, it was 
considerably higher when a particular dump was adjacent to a forest 
(Makoszowy, Murcki -  dump and Murcki -  tank). On the other hand 
when a dump was surrounded by meadows (Chorzów, Wełnowiec, 
Biskupice), the abundance of oribatids at site 2 (covered by similar 
plant assemblages) was higher than in adjacent biotopes.

Some authors observed a clear progression in the abundance of 
oribatids with increasing age of the dumps, e.g. B ielska , 1982b, 1995 
and S tebaeva 8s A nd rievsk ii, 1997 (Table 15 and 16), although fluc
tuations in oribatid abundance were also frequently observed 
(B ab en ko , 1980; D ung er , 1968). It should be mentioned that there 
is a lack of space-for-time or of direct long-term observations in 
which oribatids have been studied on dumps.

7.2.2. Species richness

A marked progression in the number of mite species, from sites 
with an initial plant assemblage (site 1) to sites with pre-forest 
assemblage (site 3), was observed on most dumps (Table 18). 
However, site 2 on the mine dump at Biskupice was characterized 
by the highest number of species (52). Furthermore, the sedimen
tation tank at Murcki revealed a slightly lower number of species 
at site 2 than on the youngest site. A totally different situation was 
found on the reclaimed mine dump at Brzeszcze. The number of 
oribatids gradually decreased with the age of the dump. At site 3, 
which was reclaimed 8 years earlier than site 1, the number of 
oribatid species was lower by ten. It might have been the effect of 
reclamation measures, which initially deliver (with the soil) many 
oribatid species. Nevertheless, some of them are unable to live in 
the specific conditions on the dumps and disappear. Later we will 
consider if this trend can be confirmed by the sequential method.

From the above data it cannot be concluded that species num
bers increased more slowly at older sites, than in the younger ones. 
Such a phenomenon has been observed in many soil animal groups 
(F rouz et al., 2001). Competition between resident species and new 
invaders, as well as a reduction in invader influx, can explain this. 
It may also be caused by the fact that soil invertebrates naturalized 
in old forest/meadow are often very poor migrants, even in those



groups that normally migrate quickly (Moldenke 8s Latin, 1991; 
Neumann, 1971). Probably, competition does not play an important 
role among oribatids (Wauthy et al., 1989). Furthermore, there may 
be some ways in which oribatids can achieve successful migration, 
at least over short distances (see chapter Ways o f migration, pool 
o f colonizers).

Species richness in adjacent biotopes was usually higher than 
on any particular site on the dumps. A remarkable difference was 
noted when the dump was adjacent to a forest (Makoszowy and 
Murcki). The conclusion is obvious because forest soil is a favourite 
habitat for oribatids and the abundance of oribatids in meadows 
is considerably lower (Wallwork, 1983).

From the literature, it is difficult to make a general conclusion 
about changes in species richness during succession on dumps. In 
a few studies a progressive increase in the number of species was 
not always observed (Babenko, 1980; Bielska, 1982b, 1995) (Table 15 
and 16). Unfortunately, it is difficult to make specific conclusions on 
species richness from Bielska’s studies (Bielska, 1982a, b, 1995; 
Bielska 8s Paszewska, 1995) because the author did not determine the 
species of Belbidae and Suctobelbidae. The latter is usually rich in 
species on dumps (Skubała, 1995, 1999; Skubała et al., 1998).

7.2.3. Species diversity

In general two different trends in changing species diversity were 
observed. A marked increase in species diversity was noted on some 
dumps, e.g. at Makoszowy, Chorzów, Wełnowiec and Biskupice 
(Table 18). It was mainly related with the species number, which 
was higher on older sites. The relative diversity (depending on 
evenness of the animals over the species) was in some cases lower 
on older sites, although a slight decrease in species diversity was 
observed at site 2 on the dumps at Chorzów and Wełnowiec. On the 
other hand, a slight decrease in diversity was found at site 3 com
pared with site 2 on the dump at Biskupice. On the remaining 
dumps (Murcki -  dump and tank, Brzeszcze), species diversity 
decreased gradually with the age of plots. This was mainly caused 
by the constantly decreasing equitability (the number of species was 
higher on the older sites on the dumps at Murcki). These relation
ships were generally the same in the upper and lower layers of the 
substratum.



T a b l e  18
Species richness, species diversity (H') and equitability [J)  of the oribatid 

communities on the study dumps

Level Site 1 Site 2 Site 3 Meadow / F orest
A A+B A B A+B A B A+B A B A+B

number of species

Chorzów 16 4 16 30 19 34 40 17 40 42 22 45
(C)

Welnowiec 13 7 13 18 8 22 39 12 40 20 9 22
(W)

Biskupice 29 10 33 51 15 52 42 14 47 43 17 43
(B)

Makoszowy 14 5 15 16 6 19 20 11 22 47 18 50
(M)

Murcki 10 7 14 15 12 20 24 16 31 78 40 80
(MD)

Murcki 15 12 22 15 11 20 36 18 39 74 25 78
(MT)

Brzeszcze 50 15 51 45 22 45 41 19 41 50 26 52
(BR)

species diversity (H1)
Chorzów 1.755 1.180 1.742 1.782 1.097 1.640 2.523 2.109 2.557 2.087 2.326 2.216
(C)

Welnowiec 1.640 1.750 1.711 1.591 1.973 1.624 1.980 1.692 1.991 1.494 1.778 1.542
(W)

Biskupice 1.817 1.401 1.899 2.519 2.234 2.522 2.339 2.002 2.360 2.807 2.292 2.835
(B)

Makoszowy 1.204 0.904 1.208 1.214 1.227 1.246 1.447 1.446 1.549 2.435 1.413 2.407
(M)

Murcki 1.837 1.834 2.048 1.791 1.391 1.796 1.561 1.245 1.554 3.116 2.769 3.122
(MD)

Murcki 2.185 1.963 2.366 1.776 1.396 1.824 1.577 0.545 1.490 2.810 2.553 2.817
(MT)

Brzeszcze 2.385 1.903 2.371 2.303 1.894 2.286 1.628 1.439 1.623 3.188 2.933 3.205
(BR)

equitability (J)

Chorzów 0.633 0.851 0.628 0.524 0.373 0.465 0.684 0.744 0.693 0.558 0.752 0.582
(C)

Welnowiec 0.639 0.899 0.667 0.550 0.949 0.526 0.541 0.681 0.540 0.499 0.809 0.499
(W)

Biskupice 0.540 0.609 0.543 0.641 0.825 0.638 0.626 0.759 0.613 0.746 0.809 0.754
(B)

Makoszowy 0.456 0.562 0.446 0.438 0.685 0.423 0.483 0.603 0.501 0.632 0.489 0.615
(M)

Murcki 0.798 0.943 0.776 0.661 0.560 0.599 0.491 0.449 0.453 0.715 0.751 0.712
(MD)

Murcki 0.807 0.790 0.765 0.656 0.582 0.609 0.440 0.189 0.407 0.653 0.793 0.647
(MT)

Brzeszcze 0.610 0.703 0.603 0.605 0.613 0.601 0.438 0.489 0.437 0.815 0.900 0.811
(BR)



Species diversity recorded in adjacent biotopes was generally 
considerable higher than on dumps. Both components of diversity 
(species richness and equitability) contribute to this higher occur
rence. However, the species diversity in mite communities on the 
meadows at Chorzów and Wełnowiec was a little lower than on the 
oldest sites on the reference dumps. The dumps at these localities 
are surrounded by highly anthropogenically modified biotopes and 
the nearby meadows do not represent a stable plant assemblage.

Values of species diversity on dumps (cited by authors or calcu
lated from the current data by the author) are generally low in 
comparison with undisturbed ecosystems (Beckmann, 1988; Bielska, 
1982b, 1995; Bielska & Paszewska, 1995; Skubała et al., 1998; Stebaeva 
8& Andrievskii, 1997) (Tables 15 and 16). In some cases younger stages 
of oribatid succession are characterized by higher species diversity, 
e.g. on brown coal dumps in Russia (Stebaeva 8s Andrievskii, 1997) or 
reclaimed mine dumps in Silesia (Bielska, 1982b).

7.2.4. Structural changes

In the course of the succession studied on the different dumps, 
structural changes of oribatid communities were found, especially 
in the structure of dominant and recedent species. These changes 
are documented in Table 19. Regarding the dominance structure, 
the presence of one superdominant species (>30%) was character
istic for all sites on the dumps. The only difference was the pres
ence of two such species at site 1 at Biskupice and the lack of a 
superdominant at site 3 at Chorzów. On the other hand, there were 
no superdominants in most adjacent habitats. Only one super
dominant species was recorded on the meadows at Chorzów and 
Wełnowiec and in the forest at Makoszowy. Furthermore, the ab
solute increase in the number of dominant species (super-, eu-, 
dominants plus subdominants) with a simultaneous decrease in 
their relative proportions was the general tendency in changes 
observed in the dominance structure of oribatid communities in 
relation to the age of the dumps. This trend was not confirmed with 
regard to dominant species on both the dumps at Murcki, where 
the number of species was lowest at site 2. Moreover, no significant 
changes in the number of dominant species and a decrease in the 
number of recedent species were observed on the reclaimed dumps 
at Brzeszcze.



Dominance structure (number of species in classes of dominance) 
of the oribatid communities on the dumps

Locality
Site 1 Site 2 Site 3 Meadow/Forest

s E D SD R SR S E D SD R SR S E D SD R SR S E D SD R SR

Chorzów
(C)

1 1 2 1 6 5 1 1 1 4 2 25 - 3 4 3 2 28 1 1 - 8 3 32

Wełnowiec
(W)

1 2 1 1 4 4 1 2 1 1 2 15 1 1 2 3 4 29 1 2 — 2 3 14

Biskupice
(B)

2 — 1 3 3 24 1 2 1 5 5 38 1 2 2 4 5 33 — 2 4 8 3 26

Makoszowy
(M)

1 3 1 3 7 1 1 1 2 1 13 1 1 2 3 1 14 1 2 1 5 3 38

Murcki
(MD)

1 2 3 3 5 ~ 1 3 — 3 3 10 1 1 1 6 1 21 — 2 3 7 5 63

Murcki
(MT)

1 2 8 11 1 3 1 1 2 12 1 1 1 5 31 2 3 7 3 63

Brzeszcze
(BR)

1 1 2 4 4 39 1 1 2 3 5 33 1 1 6 33 1 5 8 8 30

Explanat ions:  S - superdominants, E - eudominants, D - dominants, SD - subdominants, 
R - recedents, SR - subrecedents.

It might be concluded that only when the oribatid community 
attained the age of 25-30 years (site 3), did the dominance struc
ture begin to approach that typical of undisturbed ecosystems. 
However, the number of dominants was still lower than in the 
adjacent habitats and at least one superdominant species was 
present in the community. According to Thienemann’s biocoenotic 
principles, there are only a few species at “extreme” habitats and 
they can comprise high abundance (M ey e r  8s T h a le r , 1995). After 
between 5 and more than 15 years of development (site 1) none of 
the oribatid communities follow this rule.

7.2.5. Species abundance relationship

The structure of the oribatid mite communities was also exam
ined using the species-abundance relationship (M agu rran , 1988). 
Individual rank/abundance curves for the total number of mites 
collected at the study sites are presented in Fig. 13 (a-g). The 
observed species abundance relationships on the youngest sites are 
of similar form on almost all the dumps studied. The only differ
ence is the situation observed on the reclaimed dump at Brzeszcze. 
The curves for the six dumps show a tendency toward a logarith-



mic distribution. A steep decline of the curves demonstrates their 
early successional status. Logarithmic series distributions indicate 
a strong degree of dominance (Giller, 1996). They are characteris
tic of disturbed environments and are observed during early suc
cession (Stenseth, 1979). A direct test of the prediction that insta
bility leads to a logarithmic distribution is presented by D iamond’s 
(1972, 1975) study or Lassen’s (1975) study on gastropods.

The species abundance curves on the older sites are less steep. 
The fauna is richer in species and less dominated by a single species. 
It is a well-known phenomenon that as the ecosystem becomes 
mature, the S-shaped curves of immature communities become 
convex (Giller, 1996). Differences between sites 2 and 3 are not very 
striking. The slope of the curve for sites 3 are always less steep than 
for sites 2. Only at site 2 at Biskupice is the dominance curve much 
flatter than for the two other sites on the dump as well as for the 
meadow. The species abundance relationship showed a tendency 
towards a log-normal distribution for at least some of the older sites, 
e.g. at Chorzów, Biskupice or Brzeszcze. Log-normal distributions 
are indicative of a few abundant and relatively few rare species and 
a majority of intermediates (Giller, 1984). It has been suggested that 
log-normal distributions are considered to be characteristic of greater 
environmental stability and are observed in a climax community 
(Stenseth, 1979).

Regarding the fauna of the adjacent biotopes (at Biskupice, 
Makoszowy, Murcki -  dump and tank and Brzeszcze), the even 
distribution is reflected in log-series distribution. This pattern in
dicates the presence of stable oribatid communities in the soil of 
these biotopes. The rank-abundance species distribution for the 
meadow at Chorzów was similar to that noted at site 3, whereas 
the curve of the community for the meadow at Wełnowiec was similar 
to the curve at site 2 and much steep than at site 3. These curves 
are not similar to ones for natural biotopes and indicate disturbed 
environments.

Deviations from the log-normal distribution of soil animals have 
often been observed and are related to the effects o f pollution or 
other disturbances (e.g. Gray & M irza, 1979; Magurran, 1988; 
Nagasawa & Nuorteva, 1974). Similar deviations with regard to ori
batid mites have been noted by Skubała, 1997b, 1999; Vanek, 1968; 
Zaitsev 8s Krivolutsky, 1999. It should be realized, however, that if 
a certain level of pollution or disturbance prevails for a longer pe
riod, a return (or relaxation, cf. D iamond, 1975) to a log-normal dis
tribution is, according to the Red Queen Hypothesis, to be expected 
(Stenseth, 1979).
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Fig. 13. Species abundance curves for Oribatida on 
the dumps and in the nearby biotopes 
a -  Chorzów (C), b -  Wełnowiec (W), c -  Biskupice (B), 
d -  Makoszowy (M), e -  Murcki (dump) (MD), f -  Murcki (tank) 
(MT), g -  Brzeszcze (BR)



7.2.6. Spatial distribution

The general trend of increasing aggregation with increasing age 
of the dumps, and the increased abundance of oribatids, may be 
recognized in this study (Table 20). Only on the dump at Biskupice 
was a markedly higher value in the “t” test noted at the site cov
ered with the initial plant assemblage, compared with the other sites. 
The aggregation in adjacent biotopes was lower than on the older 
sites on the dumps at many localities, e.g. Welnowiec, Biskupice, 
Murcki -  tank and Brzeszcze. It may be concluded that post-indus- 
trial dumps are apparently heterogeneous environments. Even in

T a b l e  20
Aggregation of oribatid mites on the study sites

Site Arithmetical 
mean x

Variance s2 s2/x
Greig-Smith-assay 
t = (s2/x -  1) / /  

(2/ n -  1)

Chorzów 1 3.60 41.61 11.56 66.37*
2 32.79 3 666.65 111.82 696.54*
3 39.71 1 130.43 28.47 172.66*

Chorzów meadow 26.02 1 206.00 46.35 334.93*

Welnowiec 1 3.76 58.51 15.56 91.51*
2 13.26 403.64 30.44 185.04*
3 36.22 2 049.36 56.58 349.34*

Welnowiec meadow 12.80 219.90 17.18 119.50*

Biskupice 1 22.85 1 667.14 72.96 452.29*
2 59.79 3 098.98 51.83 319.48*
3 22.39 716.01 31.98 194.72*

Biskupice meadow 22.34 286.28 12.81 74.23*

Makoszowy 1 17.46 340.15 19.48 116.15*
2 9.89 179.37 18.14 107.73*
3 17.32 324.98 18.76 111.63*

Makoszowy forest 55.32 2 113.51 38.20 233.81*

Murcki dump 1 2.89 46.40 16.05 94.59*
2 7.89 173.09 21.94 131.61*
3 34.01 1 019.99 30.0 182.27*

Murcki dump forest 108.04 5 903.03 54.64 396.16*

Murcki tank 1 0.99 4.44 4.48 21.87*
2 5.47 56.94 10.41 59.14*
3 42.57 3 899.56 91.60 569.45*

Murcki tank forest 87.02 3 701.25 42.53 261.03*

Brzeszcze 1 19.62 289.35 14.75 86.42*
2 35.62 928.06 26.05 157.45*
3 90.31 7 014.42 77.67 481.89*

Brzeszcze meadow 28.29 815.14 28.81 174.79*

‘ Significant at the 0.001 probability level.



apparently homogenous habitats -  those sites covered with poor 
initial plant assemblages -  significant aggregation occurs. The 
aggregation tendencies are related to the gradients of food supply, 
and to various properties of the soil (M itc h e ll, 1978).

7.2.7. Vertical distribution

Most of oribatid mites are included to hemiedaphic forms (G órny, 
1975). Usually over 80% of them live in upper horizons, between 
0 and 5 cm, at least in temperate climates (K rivolu tsky, 1995; Lebrun, 
1971; Niedbała, 1967; Rajsk i, 1961; W a llw o rk , 1970). However, this 
may result from the fact that the mean depth of synecological studies 
has been only 8 cm. Some studies have indicated that soil 
microarthropod density and biodiversity have been significantly 
underestimated (Ducarm e et al., 2000). The distribution of oribatids 
should be more concentrated in the upper layer on post-industrial 
dumps than in other habitats; for instance Davis (1963) recorded 
over 90% of oribatids in the top 7.6 cm on iron-stone quarries.

Regarding the vertical distribution of oribatids in the soil on the 
dumps studied, usually less than 15% were found in the lower layer 
(3.5-7.5 cm) (Fig. 14). A significantly higher proportion of oribatids 
below 3.5 cm was collected only at two sites. These were site 2 on

C W B M MD MT BR
Fig. 14. Proportion of oribatids in the lower section of the soil (3.5-7.5 cm) on 
the study dumps and in the nearby biotopes 
codes of the sites: Table 4



the iron dump at Chorzów and site 1 in the sedimentation tank, 
where 34.2% and 32.9% of the total number of oribatids occurred 
in the lower layer. The relationships between the physical and 
chemical properties of the upper and lower sections of the soil were 
not remarkably different at these sites, compared with the others 
(Appendix 4 -  CD-ROM). So some of these particular features were 
not the reason for the higher occurrence below 3.5 cm. The mechani
cal composition of the substrate (coal-dust) at site 1 in the sedi
mentation tank was almost identical in both layers (Appendix 2 -  
CD-ROM). This characteristic might be the main reason for the more 
homogenous distribution of oribatids in the soil profile of the sedi
mentation tank.

In general the percentage of oribatids in the lower section of the 
soil in the adjacent forests and to a lesser extent in meadows was 
lower than on the dumps (Fig. 14). The higher concentration of litter 
and organic matter in the upper layer in these undisturbed (or less 
disturbed) biotopes, especially in forests, may influence the spatial 
distribution of oribatids. Some chemical parameters of the soil (e.g. 
carbon or nitrogen content, the amount of available potassium, 
magnesium and the amount of exchangeable cations of sodium, 
potassium, calcium and magnesium) attained noticeably higher 
values in the 0-3.5 cm layer than below this level (Appendix 4 -  
CD-ROM). Such a situation was well distinguished in the sedimen
tation tank, at the dump and in the nearby forest at Murcki.

To answer the question “how many species from the total num
ber of oribatid species are missed by taking samples only from the 
0-7.5 cm level?”, soil samples from deeper soil layers (7.5-15 cm) 
were taken at site 3 on the dump at Biskupice, Makoszowy and 
Murcki (sedimentation tank). The proportion of oribatids that oc
cupied this layer of the soil fluctuated from 4.1% (Biskupice) to 
14.2% (Makoszowy) (Fig. 15). So even in technogenic biotopes, e.g. 
post-industrial dumps, we may lose 5-15% or more of oribatid fauna 
while sampling in the traditional way.

Many species of different morphological structure occur in the 
lower horizons of the soil on the dumps. There were two most 
abundant oribatid species on dumps, e.g. Oppiella nova and 
Tectocepheus velatus, as well as Microppia minus (Table 21). Further
more, other species characteristic of a particular dump occurred 
abundantly down in the soil. They were mainly representatives of 
the family Oppiidae and were of the following genera: Ceratozetes, 
Microtritia, Protoribates or Punctoribates, although only four species 
may be regarded as characteristic of lower horizons of the soil on 
dumps, namely Microppia minus (C 2), Oppiella nova (B I), Microtritia 
minima (M 3) and Protoribates capucinus (C 3). Their abundance was



Fig. 15. Proportion of oribatid mites in the three layers o f the soil at site 3 
on the mine dumps at Biskupice, Makoszowy and Murcki

significantly higher in the lower section of the soil, at least at some 
sites (in brackets). The length of these species varied from 0.21 |jm 
(Microtritia minima) to 0.35-0.40 jam (Protońbates capucinus). All these 
species are characterized by narrow body shape, e.g. Microppia 
minus, Microtńtia minima.

Bearing in mind that pore space dimensions decrease progres
sively down the profile, and that oribatids utilize these spaces for 
living quarters, there is a selection for small body size with increasing 
depth (Holt, 1981). Small body size and the absence o f a thick 
cuticular waterproofing layer (Madge, 1964) in these mites result in 
the danger of excessive transpiration losses. This may prevent small 
soil dwellers from venturing into upper horizons (Wallwork, 1983). 
Evidence for vertical separation o f oppiids, e.g. Oppiella nova, 
Quadroppia quadricarinata, Microppia minus (Evans et al., 1961) and 
Microtńtia minima (Pande & Berthet, 1975) is well documented. Pande 
and Berthet (1975) claimed that an important lim iting factor in 
ability to penetrate the soil is body width. Niedbała (1976) studied 
the vertical distribution of the smallest oribatid species -  the family 
Brachychochthonidae -  and discovered that they did not penetrate 
into the lower soil layers. Indeed, these species seldom occurred in 
the lower layer on the investigated dumps, where brachychthoniids 
were numerous, at least not in the “pioneer” stage.



Numerous oribatid species (D > 10%) in the lower section of the soil (3.5-7.5 cm) on the study sites

vO
0\

Species
Chorzów (C) Welnowiec (W) Biskupice (B) Makoszowy (M) Murcki (MD) Murcki (MT) Brzeszcze (BR)

1 2 3 M 1 2 3 M 1 2 3 M 1 2 3 F 1 2 3 F 1 2 3 F 1 2 3 M
Ceratozetes gradäs - - - - - - - - - - - - - - - - 10.0 - - 2.4 - - - 11.7 - - - 1.9
Ceratozetes mediocris - 0.1 - - 12.5 - 14.8 6.4 - 3.2 - - - - - - - - 2.5 - - - 0.5 - 1.1 - 6.8 6.7
Conchogneta delacarlica - - - - - - - - - - - - - - - - - - - 22.5 - - - - - - - -
Cultrońbula lata - - - - - - 21.3 - - - - - - - - - - - - - - - - - - - - -
Lauroppia faltax - - 13.1 - - - - - - - - - - - - - - - - - - - 0.3 - - - - -
Liebstadia similis - - 10.6 20.2 - - - 6.4 - - - - - - - - - - - - - - - - - - - 11.5

Medioppia obsoleta 1.8 18.4 0.4 - - - - 5.6 0.6 5.2 -
Micmppia minus - 32.2 3.1 - - - - 9.8 - - 15.5 17.6 - 7.1 18.9 32.9 - - - 10.5 - 12.7 1.1 14.3 4.5 3.3 - 2.9
Microtńtia minima - - - - - - 43.5 - - - - - 1.8 - 25.8 - - - - 0.7 - - - 1.3 - - -
Oppiella nova 18.8 59.1 6.2 10.8 31.2 10.0 43.5 12.9 24.4 35.5 37.8 35.3 19.6 64.3 44.0 50.3 20.0 66.8 63.3 18.1 45.8 63.6 90.8 29.9 48.3 52.0 66.5 11.5

Pillogalumna tenuiclava - - - 22.1 - - - - 2.2 3.2
Protońbates capucinus - - 37.5

Protońbates variabilis - - - - - - - 6.4 - - - - - - - 0.6 - - - - - - - - - 0.6 - 11.5

Punctońbates punctum - 0.1 1.9 0.6 - - - - 2.2 - 17.8 2.9 - - - 0.6 - - - 6.9 4.2 3.6 0.3 - 11.2 6.6 3.2 1.9
RamuseUa (R.) assimilis - - - - 12.5 - 4.1 - 2.2 - 17.8 - - - - - - - - - - - - - - 0.6 - -
RamuseUa (I.) insculptum - - - - - - - - - - - - - - - - 30.0 - 6.7 - - - 0.3 1.3 - - - 1.9

Rhysotritia ardua - - 3.8 11.7 3.2 2.2 - - - - - - - - - - - - 1.3 - - - -
Scutovertex sculptus 50.C 0.3 0.6 1.4 - 10.0 - 3.2 2.2 3.2
Tectocepheus minor 5.1 - 1.8 0.8 1.3 - 13.8 - -
Tectocepheus velatus 25.0 0.9 11.3 11.7 25.0 30.0 5.8 45.3 55.5 16.1 4.4 2.9 69.6 - 0.6 0.6 - 5.6 5.5 - 4.2 3.6 0.5 2.6 3.4 3.9 5.6 1.9

Bold typed values indicate dominant species on a particular dump.



7.3. Oribatid systematic cohorts on dumps

Some distinct trends in the proportion of phylogenetic catego
ries were recognized on the dumps (Fig. 17 a-g). The Brachypylina 
cohort was the most numerous group on the dumps. Its proportion 
ranged from 32.1% (Chorzów -  site 1) to 86.2% (Chorzów -  site 2). 
The second most abundant group was Poronota, however, its pro
portion was smaller than that of the previous cohort at almost every 
site. Three other cohorts -  Enarthronota, Mixonomata and 
Desmonomata -  were represented by a significantly lower number 
of individuals. Paleosomata and Parhyposomata were not collected 
from the dumps. As regards the relationships in the nearby biotopes, 
usually Brachypylina were more numerous than Poronota. The pro
portion of the other cohorts in these biotypes was much smaller than 
on the dumps.

The high proportion of the Enarthronota representatives at the 
“pioneer” stage of succession (site 1), and their systematically de
creasing proportion in the community as dumps age, was charac
teristic in the analysis. Maraun & Scheu (2000) stressed that 
Enarthronota appear to suffer most from disturbance. This is in
dicated by the strong reduction in their abundance from moder to 
mull humus and their low numbers in anthropogenically formed 
habitats. Enarthronota produce only a few eggs, which develop 
slowly (Forsslund, 1957). Furthermore, despite their small size they 
are assumed to be ^-selected. Nevertheless, it is evident from the 
analysis that Enarthronota may play an important role on post
industrial dumps, especially on the youngest sites of technogenic 
ecosystems. Due to their small size and cryptic habitat, our knowl
edge of the ecological characteristics of Enarthronota is limited.

Brachypylina, the dominant cohort on the dumps and in most 
adjacent biotopes, is a very heterogeneous group that includes 
species with different ecological characteristics. The high proportion 
of Brachypylina is mainly due to the numerous occurrence of the 
following families: Oppiidae, Suctobelbidae and Tectocepheidae.

Poronota reach relative high densities in disturbed soils (Maraun 
8s Scheu, 2000). Members of this cohort appear to tolerate mechani
cal disturbances, which is presumably due to high sclerotization. 
Many of the species, e.g. of the genus Galumna, Achipteria, Euzetes, 
are accustomed to living on the surface (Krivolutsky, 1968). Never
theless, their significance is lower than that of Brachypylina on post
industrial dumps.

The Phthiracaridae, the main representatives of Mixonomata, are 
easy to recognise morphologically. They are able to close up and
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Fig. 17. Proportion o f cohorts in oribatid communities on the post-industrial 
dumps and the nearby biotopes
a -  Chorzów (C), b -  Wełnowiec (W), c -  Biskupice (B), d -  Makoszowy (M), e -  Murcki 
(dump) (MD), f -  Murcki (tank) (MT), g -  Brzeszcze (BR)

protect their body with sclerotized plates. Therefore, Phthiracaridae 
may exist in a habitat without threat from enemies (N o r t o n , 1994). 
Egg development is slow (>120 days) in this group and adults may 
live for more than one year (L u x to n , 1981b). All immature stages of 
this group are endophagous, burrowing in decaying plant material 
(N o r t o n , 1994). The features described above are possible obstacles 
in the ability of the Phthiracaridae to colonize new habitats.



Desmonomata play a limited role on dumps. Most species repro
duce by thelytoky (Norton, 1994) and lay from 5 to 40 eggs (Luxton, 
1981b; Trave et al., 1996). They have a wide food spectrum, appear 
to be habitat generalists, and some are of cosmopolitan distribution 
(Maraun et al., 1998). Although, these features seem to be advanta
geous on dumps, Desmonomata are rare in this environment. Slow 
egg development may be disadvantageous for colonization.

All species within individual families in the cohorts Enarthronota, 
Mixonomata and Desmonomata reproduce asexually (Norton et al., 
1993). Suggested advantages of parthenogenesis include the ease 
of colonization in new areas (Norton et al., 1988; Norton & Palmer, 
1991). Parthenogenetic reproduction facilitates rapid population 
growth and is one o f the main oribatid strategies for colonizing 
pioneer habitats (Smrż, 1992). Nevertheless, the representatives of 
these cohorts play a minor part in the colonization of technogenic 
systems, e.g. post-industrial dumps. Only the role o f Enarthronota 
in pioneer communities is recognized. On the other hand, the most 
important species that are able to attain a high abundance in almost 
all o f these unfriendly habitats (dumps) -  Oppiella nova and 
Tectocepheus velatus -  are thelytokous species (Norton & Palmer, 
1991).

7.4. Oribatids on contaminated dumps

Some authors (Seniczak et al., 1996; Stamou & Argyropoulou, 1995; 
Strojan, 1978; Zaitsev, 1999) observed the impoverishment o f ori
batid populations on contaminated sites. One of the dumps stud
ied -  the zinc dump at Wełnowiec -  was characterized by extremely 
high doses of cadmium, lead, zinc and nickel in the soil (Appendix
4 -  CD-ROM). Taking into consideration that the age of the sites 
was between 1.5 and 5 times higher than the age of comparative 
sites on other dumps, the abundance of oribatids should be con
sidered as low. Similarly the species richness (13 to 40 species) was 
low in comparison with other younger non-contaminated dumps 
(Table 17 and 18). The dominance structure o f oribatid communi
ties is only slightly transformed during the succession, and the 
species abundance curves for site 1 (>15 years) and site 2 (>20 years) 
are still steep (Table 19, Fig. 13 b). Although the overall abundances 
and species richness of oribatids were low, some oribatid species 
were recorded in higher numbers on the contam inated dump, 
compared with other dumps and with their reference sites. These



species were: Ceratozetes mediocńs (Fig. 16), Peloptulus phaenotus 
and Protoribates variabilis.

The possibility of development of the oribatid community in 
polluted areas seems to be slight. The reason for this lies in the 
nature of the pollution. Aerially deposited metals are concentrated 
in the upper organic horizons for long periods of time by ion ex
change, surface adsorption and chelation-reaction mechanism 
(Mortensen, 1963). High concentrations of metal contaminants are 
likely to remain in the soil for many centuries (Strojan, 1978). 
Furthermore, certain abilities to store or excrete heavy metals can 
explain the poorer oribatid fauna on contaminated dumps with a 
certain species composition. Oribatids take up heavy metals with 
the food and store them in the midgut within the spherites (Ludwig 
et al., 1993). It seems likely that metals stored within the spherites 
can be extruded into the lumen of the midgut. This suggests that 
oribatids are able to eliminate at least a part of their body burden 
of heavy metals (Ludwig et al., 1991).

Oribatids are a group sensitive to heavy metal concentrations. Their 
capacity for accumulating heavy metals differs greatly between spe
cies and within species with regard to a specific metal (Lebrun 8s Van 
Straalen, 1995; Parmelee et al., 1993). For instance Heminothrus 
peltifer appears to be relatively sensitive to lead, but not especially 
sensitive to copper (Denneman 8s Van Straalen, 1991). However, the 
effect of heavy metals on reproduction seems to be the most relevant 
criterion for soil microarthropods. Higher doses of heavy metals have 
a negative effect on the reproduction of certain oribatid species (Van 
Straalen et al., 1989; Denneman 8s Van Straalen, 1991).

The contact of soil animals with heavy metals is mainly medi
ated by trophic chains. Various species of oribatids feed on fungi, 
which are known to be effective heavy metals accumulators 
(Berthelsen et al., 1995; Khan et al., 2000; Valix et al., 2001). 
Therefore, oribatids are directly exposed to heavy metal concentra
tions. Another factor influencing the ability of oribatids to live in 
contaminated area is their feeding habits. Herbofungivorous and 
fungivorous grazers have a higher exposure in contaminated envi
ronments than other mite species. In the severely heavy-metal- 
polluted site, members of these guilds are almost absent (Siepel, 
1995b). Fungivorous grazers (e.g. Scheloribates laevigatus, Oribatula 
tibialis, Punctoribates punctum) appeared to accumulate lead faster 
than fungivorous browsers (e.g. Hemileius initialis, Chamobates 
borealis) (Siepel, 1995b; Siepel & Ruiter-Dijkman, 1993). Nevertheless, 
many oribatid populations are able to live in a toxic environment 
and to achieve moderate abundance, as was observed on the zinc 
metallurgic dump at Wełnowiec.



A nderson (1977) argued that soil animals do not form well-de- 
veloped communities and therefore it is difficult to associate spe
cies configurations or assemblages with vegetation types or 
physiochemical features of the habitat, although he did show that 
oribatid species diversity is significantly correlated with microhabi
tat diversity (Anderson, 1978a). Plowman (1981) stresses that with
out sharply defined boundaries the definition of species communi
ties becomes particularly difficult, and it must be asked whether 
such a search is valid.

This work reveals that related sets of oribatid species forming 
a community can be identified on dumps. A “pioneer” community 
can be identified on dumps covered with initial plant assemblages. 
It is characterized by low abundance (usually below 10 000 mites 
per m2) and low species richness (usually between 10 and 15 
species). Other community features also classify them as less stable. 
The second “meadow” stage is described on dumps with a well- 
developed herb layer. The zoocenotic characteristics of oribatid 
communities at sites 2 situate them at a higher level of a commu
nity formation. The third “forest-like” stage is recognized on dumps 
where the shrub and tree level has developed. This stage was 
described at dumps where deposition had ceased between 10 
(Makoszowy) and 50 (Wełnowiec) years ago. The zoocenotic charac
teristics of oribatid communities of this stage still differ from those 
described in non-disturbed adjacent biotopes. It is worth mention
ing that the sites are situated on a transect and the distance between 
them is 10-30 metres.

Similar stages of soil animal/microarthropod succession were 
described by some other authors on dumps. Dunger’s analysis of 
the extensive data on 13 variants of coal dumps in Germany dem
onstrated the existence of at least four main stages of pedobiont 
development (Dunger, 1989). The first and second stages are called 
“pioneer”, the third is “meadow” and the fourth is the “forest-like” 
stage. This valuable research was undertaken on dumps that had 
undergone rehabilitation. The first pioneer stage was characterized 
by hot dry conditions and the absence of organic matter. In the 
present succession studies on oribatid mites the first “pioneer” stage 
was not selected. Oribatids as slower colonizers of new dumps are 
practically absent at sites where the piling stopped only 1-2 years 
previously, which is why this stage was not selected in the present 
research. Stebaeva & A ndrievskii (1997) distinguished three develop
mental stages (after Dunger) during studies on the spontaneously



formation of technogenic ecosystems on brown coal dumps in Si
beria. These were: a community on a “fresh dump” (1 month to 1 
year) and a “medium-age dump” (7-8 years). The oldest dump (25- 
26 years) investigated in this research was at the “meadow” stage.

7.6. Similarities and differences

A qualitative comparison of the oribatid communities studied is 
shown in Figs. 18 and 19. A dendrogram of hierarchical classifi
cation and Correspondence Analysis (CA) were used to search for 
site groupings.

The dendrogram shows the clusters established among 28 sam
pled sites on the dumps and adjacent habitats according to their 
ecological affinities on the basis of species composition (Fig. 18). Sites
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Fig. 18. Cluster analysis o f community data from the study sites on dumps and 
in the nearby biotopes (Euclidean distance, Ward’s method) 
codes of the sites: Table 4

are divided into two main clusters. Cluster A encloses two sub
groups. Sub-cluster A l consists of 6 sites. They are sites 2 and 3 
from different localities as well as site 1 from the reclaimed dump 
at Brzeszcze and the meadow at Chorzów. Sub-cluster A2 contains



site 1 from all remaining localities and site 2 from three localities. 
The remaining sites 2 and 3 and the “forest” sites form a separate 
cluster B. The sites are not grouped according to localities. A clear 
separation was observed only between the species groupings in 
“pioneer” communities and the others.

Ordination for the first and second components of the correspond
ence analysis (CA) of oribatids on the dumps and in the nearby 
biotopes is shown in Fig. 19. The ordination axes are interpreted 
as gradients in one or more environmental factors. The eigenvalue 
of axis 1 (0.396) was significant and axis 2 also attained a high value 
(0.258). These axes explained only about 20% of the total data 
variability. In the interpretation of the CA analysis, the closer the 
data sets are to each other, the more similar is the community 
structure. The sites on the dumps are grouped into four sets. 
Oribatid communities of the forests (MT F and MD F) at Murcki are 
ordinated along axis 1 and are most separated from other sites. All 
communities from Brzeszcze, the meadow at Biskupice and the forest 
at Makoszowy formed the second cluster. The communities are 
ordinated in the lower section of axis 2. All oribatid communities 
from Chorzów (dump and meadow), Wełnowiec (dump and meadow) 
and Biskupice (dump) are ordinated along the negative part of axis
1. Oribatid communities from Murcki (MD -  sites 1 and 2, MT -  
site 2) and Makoszowy (sites 2 and 3) formed the last group. They 
are ordinated in the upper section of axis 2 and the negative part 
of axis 1. The pioneer oribatid community of the mine dump at 
Makoszowy appears to be noticeably different from the other com
munities. This community is situated at the end of axis 2 and in 
the middle of axis 1.

The results of CA ordination are not in accordance with succes- 
sional divergence. Rather, sites are grouped in accordance with the 
localities, although sites (1, 2 and 3) of different age are in most 
cases separated from each other. Both analyses of species abun
dance (cluster and correspondence analysis) do not show identical 
groupings of species configurations. It seems that the opinion of 
W authy (1981) regarding correspondence analysis as efficient in 
bringing out the zoosociological groupings in the case of hemiedaphic 
oribatid communities is well confirmed in this analysis. Both analy
ses confirm that successional oribatid communities do not neces
sarily follow the same course. Early (“pioneer”) communities that are 
initially more or less similar (see cluster analysis) do not converge 
on similar pre-climax communities.



Axis 1

Fig. 19. A plot o f the first two axes o f correspondence analysis (CA) o f the 28 sampling sites on the dumps and in the nearby 
biotopes
codes of the sites: Table 4



The study of succession in soil arthropod communities, however 
much still in its preliminary stages, reveals that changes in vegeta
tion must play a major role (U sh er et al., 1982). According to feed
ing habits, vegetation can be regarded as the main factor affecting 
change in oribatid communities (N iedbała , 1972). As long as vegeta
tion is absent on a certain substratum, oribatids are unable to 
colonize it (Beckmann, 1988; Sm r2 &  Jungova, 1989). This is also true 
for mined areas (D u n ger et al., 2001; Felinks et al., 1999; Skubała, 
1997a; W ie g le b  et al., 2000). Plant species are major determinants 
of local site conditions, mediating many soil variables, such as 
sunlight, moisture and soil nutrients, and therefore have the po
tential to influence the composition and structure of soil mite 
communities (B ea re  et al., 1995; W a rd le  &  L a v e lle ,  1997; W a rd le  
et al., 1998). Moreover, vegetation produces litter and is a source 
of organic matter in general, which is a food source for oribatids 
(S easted t, 1984; Tousignant &  C o d e r re , 1992). Thanks to plants, fluc
tuations of temperature and humidity are generally less extreme and 
provide a more suitable environment for oribatids than open areas.

Vegetation is especially important in the renaturalization o f post
industrial dumps. Lebrun (1979) showed that planting adequate 
vegetation could shorten the time period involved in restoration of 
abandoned quarries. Seniczak (1994) proposed planting different 
deep-rooted species capable o f retaining water, and also deciduous 
trees (as they give more shade) on dumps. Oribatid species are 
probably attracted by microflora, which changes during the succes
sion (H e a l 8g Dighton, 1986). Thus, the planting o f more tree spe
cies that produce different leaf litter is recommended in order to 
provide broad spectrum of food resources (Miko, 1995). Neverthe
less, it is worth mentioning that an increasing number o f authors 
have found the effects o f introducing plant species unsatisfactory 
and indicate that the spontaneous succession o f plants is more 
desirable (Weidemann et al., 1982). Spontaneous succession leads to 
more stable and interesting plant associations and is good evidence 
o f self-regulation o f biocenoses (Rostański, 1991). The development 
o f oribatid communities on the reclaimed mine dumps at Brzeszcze 
also confirms this opinion. Dunger et al. (2001) claimed that the pres
ence o f a very poor soil fauna on a 35-year-old pyrite-rich spoil at 
Dam sdorf was partly caused by planting exotic oaks. A sim ilar 
situation occurred on the reclaimed dumps at Brzeszcze where some 
exotic plants were introduced, e.g. Quercus rubra.



The outcome of the coupling between mites and the botanical 
environment is presented in Table 22 and Figs. 20 and 21. A close 
correlation between oribatid communities and plant assemblages was 
observed in the chi-square test (Table 22). The null hypothesis that

T a b l e  22
Species composition of the oribatid and plant communities on the post

industrial dumps and the adjacent biotopes analysis)

Oribatida Plants
P

tau c 
Kendall’s 
index1 2 3 M/F 1 2 3 M/F

Chorzów

Total number of species 16 34 40 45 17 20 19 14 7.57 0.055 -0.19
Number of exclusive species 0 10 8 14 7 5 4 5 12.52 0.005 0.37
Number of dominant species 4 3 7 2 2 3 2 1 1.25 0.741 - 0.10

Welnowiec

Total number of species 13 22 40 22 7 10 19 21 3.65 0.301 0.12
Number o f exclusive species 0 3 18 9 1 1 10 19 7.84 0.049 -0.28
Number of dominant species 4 4 4 3 1 2 3 2 0.75 0.862 0.16

Biskupice

Total number of species 33 52 47 43 20 27 23 23 0.33 0.954 - 0.021
Number of exclusive species 5 8 4 13 14 12 17 13 5.77 0.123 0.243
Number of dominant species 3 4 4 6 1 2 4 3 0.913 0.822 0.049

Maikoszowy

Total number of species 15 19 22 50 5 7 18 23 3.66 0.299 0.023
Number of exclusive species 3 2 7 36 2 3 8 18 2.89 0.400 -0.155
Number o f dominant species 4 3 4 4 2 2 3 3 0.158 0.983 0.076

Murcki (dump)

Total number of species 14 20 31 80 6 14 21 32 3.34 0.342 -0.086
Number o f exclusive species 0 4 9 51 1 3 11 28 4.07 0.253 -0.094
Number o f dominant species 6 4 3 5 1 3 4 5 3.13 0.372 0.278

Murcki (tank)

Total number of species 22 20 39 78 10 30 45 26 25.19 0.000 -0.205
Number o f exclusive species 3 3 6 40 1 6 6 3 20.53 0.000 -0.404
Number o f dominant species 3 5 3 5 3 12 22 16 4.55 0.207 0.120

Brzeszcze

Total number of species 51 45 41 52 12 23 25 24 5.01 0.171 0.089
Number o f exclusive species 11 6 7 14 3 11 8 17 6.05 0.110 0.23
Number o f dominant species 4 4 2 6 4 5 5 3 2.37 0.499 - 0.10

there is a similarity of data arrangement (total number of species, 
number of exclusive and dominant species) was rejected only in a 
few cases. No correlation was detected between the total (x2 = 25.19, 
tau c Kendall’s index = -0.205) and exclusive (x2 = 20.53, tau c 
Kendall’s index = -0.404) number of oribatid and plant species in



the sedimentation tank. Lack of correlation was also noted on the 
iron (X2 = 12.52, tau c Kendall’s index = 0.37) and zinc dump {£  
= 7.84, tau c Kendall’s index = 0.049), but only with regard to the 
number of exclusive species. Very strong correlation among species 
diversity of Oribatida and the diversity of plants was recorded on 
the dumps, r = 0.955 (Fig. 20). A significant positive correlation

regression 95%  confidence inter

Fig. 20. Relationship between species diversity of Oribatida and plants on the 
dumps
(y = -1.472 + 1.5806 x; correlation coefficient r = 0.95546, p = 0.000)

between oribatid and plant diversity was also found in adjacent 
biotopes, r = 0.883 (Fig. 21).

There is evidence for slight relationships as well as for strong 
correlation between vegetation and soil animals (e.g. C u rry , 1978; 
H ealy , 1980; M acFadyen , 1952; P a r r , 1978; P etersen &  K ro gh , 1987). 
A  clear correlation between succession of oribatid mite fauna and 
succession in the vegetation was observed by some authors (e.g. 
C ernova &  C ugunova, 1967; M aje r , 1989b; M araun  8& S cheu , 2000; 
W ebb , 1994). A nderson (1978a) showed a positive relationship be-



tween habitat complexity and community diversity of oribatid mites 
in forest soils. There is also considerable evidence for close relation
ships between plant and animal communities on reclaimed post
industrial sites. M ajer (1989b) analysed numerous positive statis
tical associations between arthropod, bird and mammal coloniza
tion and plant parameters. The only negative associations are those

regression 95%  confidence inter

Fig. 21. Relationship between species diversity o f Oribatida and plants in the 
adjacent biotopes
(y = -0,0304 + 0,65209 x; correlation coefficient r = 0,88293, p < 0.05)

between soil arthropod diversity and declining plant diversity in 
maturing quarries in Britain (U sher , 1979).

A close correlation between vegetation and oribatid mites indi
cates that the structure of the mite communities can be predicted, 
knowing the structure of plant assemblages. This seems to be true 
only partly. Plants and particularly the presence of trees or shrubs 
affect soil oribatid mite communities. They influence abundance, 
number of species, species diversity and dominance structure. Even 
a slight difference in a plant assemblage can cause change in the



characteristics of a community. However, the effect on species 
composition has not been recognized.

A great variety of different oribatid species colonize and live on 
different successional stages on dumps. None of the oribatid species 
were restricted to one plant type. Other factors are likely to be more 
important for influencing the species composition of an oribatid mite 
community. Other authors have made similar observations. Curry & 
Ganley (1977), MacFadyen (1952) and Osler 85 Beattie (2001) showed 
that soil habitats associated with different dominant plant species 
have little effect on mite species composition. Maraun & Scheu (2000) 
claimed that there is not a single oribatid mite species known that 
will selectively colonize only one type of litter, i.e. litter from a single 
plant species. Obviously the type of forest/litter is of minor impor
tance for the abundance and community structure of oribatid mites 
(Migge et al., 1998). Osler and Beattie (2001) remarked that effect 
of plants on the soil environment is not strong enough to cause a 
change in the mite species present under them.

The organisms living in the soil and their impact on plant popu
lations have traditionally been ignored, whereas members of the soil 
community can have a dramatic impact on plant populations and 
communities (W atk in so n , 1998). Changes in saprophagous soil in
vertebrates may be more closely linked to changes in plant species. 
In general soil fauna helps plant growth. As regards the situation 
on post-industrial dumps, M ajer  (1989b) emphasized that if we take 
care of soil fauna development we can minimize the need to use 
additional fertilizers in reclamation practices (the need to intensify 
reclamation measures).

Oribatids, being mycophagous, are in close relationships with 
plants (Fig. 22). Mycorrhizal fungi are “digestive mutualists” that 
colonize roots, infiltrate the rhizosphere soil and sequester and 
transport phosphorus, nitrogen and other nutrients into the roots 
of higher plants in return for carbohydrates (L a v e lle  et al., 1994). 
So, these fungi are mutualist extensions of the root of plants (W a lt e r  
85 P r o c to r ,  1999). The interactions between oribatids and mycorrhizal 
fungi have been little studied, but are potentially of great impor
tance for understanding plant health and ecosystem processes 
(W a lt e r  8& P r o c to r ,  1999). If mycorrhizae are to become established 
on post-industrial dumps it is desirable that the dispersing animals, 
e.g. oribatids, first colonize the degraded area (M a je r ,  1989b). 
Furthermore, by their feeding activity oribatid mites may also con
tribute to an increase in heterogeneity (P a rr , 1978) and therefore, 
to an increase in species numbers.
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Canonical correspondence analysis (CCA) (T er B raak , 1988) was 
used to relate changes in oribatid species to environmental factors. 
The analysis was run for each of the localities separately. The results 
of CCA ordination for the iron dump at Chorzów are plotted on the 
plane of the first two axes in Fig. 23. The analysis was carried out 
with 33 species (species which occurred in five or more samples). 
The first two canonical axes explain 36.2% and 28.5% of the total 
variance in species and sites occurrence. The eigenvalue of axis 1 
is 0.292 and of axis 2 is 0.230. The scatter of species may be di
vided into four distinct branches. Branch A is composed of species 
(e.g. Microppia minus, Liochthonius propinquus, Scutovertex sculptus)
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Fig. 23. Canonical correspondence analysis (CCA) biplots showing species and site arrangements at Chorzów in relation 
to environmental parameters 
codes of the species: Appendix 6 
codes of the sites: Table 4
codes of the environmental variables: Appendix 4



that occurred abundantly only at sites 1 and 2. The species were 
mainly affected by pH and available phosphorus. Both factors show 
high correlation with the first axis; 0.781 and 0.844, respectively. 
Branch B is composed of species connected with the oldest site on 
the dump. Among several species two dominants, Lauroppia fallax 
and Protońbates capucinus, were noted in this group. The species 
are ordinated in the negative part of both axes. They were affected 
by several environmental factors, of which available magnesium and 
moisture were the most important ones. Branch C consists of species 
typical of the meadow. Several factors, e.g. calcium, magnesium and 
potassium content and C/N ratio were the most important. Several 
species, e.g. Tectocepheus velatus and Punctońbates punctum, were 
crowded around the intersection point of the two axes. The species 
show no preference for any site.

Figure 24 shows the outcome of a canonical correspondence 
analysis on the contaminated zinc dump at Welnowiec. Axis 1 ex
plains 50.4% of the total variance and axes 1 and 2 together 71.2%. 
The eigenvalue of axis 1 was significant (0.416). The eigenvalue of 
axis 2 was smaller (0.171). Many species were ordinated close to 
the intersection point of the axes. They were species that do not show 
any preference (Oppiella nova, Punctońbates punctum, Ceratozetes 
mediocńś). Two other groups of species were well separated. The 
species ordinated in the negative part of axis 1 and the positive part 
of axis 2 were strongly associated with available magnesium. They 
were species typical of site 3. Species noted frequently on the 
meadow, e.g. Protońbates variabilis, Scutovertex sculptus, were 
grouped close to the end of axis 1. They were ordinated along the 
arrow, which represents the magnesium content. Some species 
(associated with younger sites on the dumps) were grouped along 
the negative part of axis 1. Several factors influence the occurrence 
of these species, e.g. field capacity, pore volume and content of heavy 
metals.

Figure 25 shows the outcome of CCA analysis for the mine dump 
at Biskupice. The eigenvalue of axis 1 was significant (0.417), 
whereas the value of axis 2 was smaller (0.252). Both axes explained 
over 58% of the total variance. Species that constituted the pioneer 
stage of succession of the mite community were separated from 
others. Two dominant species (Scutovertex sculptus and Adoristes 
poppei) were located in the upper part of axis 2. No one environ
mental factor was a main influence over the distribution of pioneer 
species. The separation of species characteristic of the later succes
sional stages was not distinct. On the left side of axis 2 along the 
perpendicular line species typical of sites 2 and 3 were distributed. 
Factors having the most influence on the occurrence of these spe-
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Fig. 24. Canonical correspondence analysis (CCA) biplots showing species and site arrangements at Wełnowiec in relation to 
environmental parameters 
explanation of abbreviations: see Fig. 23
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Fig. 25. Canonical correspondence analysis (CCA) biplots showing species and site arrangements at Biskupice in relation to 
environmental parameters 
explanation of abbreviations: see Fig. 23



cies are content of calcium, available magnesium and temperature. 
Species characteristic of the meadow, e.g. Achipteńa coleptrata, 
Banksinoma lanceolata and Heminothrus peltifer, are ordinated in the 
positive part of axis 1. Many species crowded the intersection of the 
two axes. These species were proportionally distributed at all study 
sites, e.g. Oppiella nova, Suctobelbella subcornigera or Ceratozetes 
mediocńs.

With regard to the ordination of species and sites on the mine 
dump at Makoszowy, the eigenvalues of both axes were significant 
(0.640 and 0.330, respectively). Their high values denote a good 
separation of the species distributions along these axes. Both axes 
explain 67.7% of the variance. Axis 2 could be interpreted as a 
transition from forest habitat to those on the dump (Fig. 26). Species 
ordinated at the lowest position of axis 2 and the right part of axis 
1 are pioneer species, e.g. Liochthonius simplex and Brachychoch- 
thonius cricoides. Four factors appeared to be of similar influence 
in the structuring of the pioneer community: sodium, magnesium, 
potassium and phosphorus content. Pioneer species were separated 
from species of older sites. The latter were ordinated in the upper 
part of axis 2 and along the positive part of axis 1 (e.g. Trhypo- 
chthonius tectorum). Content of carbon and nitrogen influence the 
occurrence of the species. On the left side of axis 1 all species 
associated with the forest biotope are located. Most of the species 
are located along the arrows, which represent zinc and lead con
tent, and to a lesser extent the complexity of the vegetation. Fur
thermore, there were several species, e.g. Ońbatula tibialis, Microppia 
minus or Suctobelbella subcornigera, that were ordinated in the 
positive part of axis 2, close to the intersection of the axes. They 
do not show significant preference for any site.

Differences in the oribatid mite communities on the mine dump 
at Murcki were well pronounced. The high CCA eigenvalues of axes 
1 and 2 (0.643 and 0.363, respectively) reflect the great dissimilar
ity of oribatid mite communities at different stages of primary 
succession. The axes explained 72.1% of the total variance in data. 
The scatter of sites and species forms three distinct clusters in the 
ordination diagram (Fig. 27). Cluster 1 indicates species of the 
younger sites (1 and 2), e.g. Brachychochthonius immaculatus, 
Brachychochthonius cńcoides or Liochthonius piluliferus. No environ
mental factor was shown to influence the occurrence of the species. 
The second cluster revealed by CCA comprises species of the oldest 
site on the dump, e.g. Medioppia obsoleta, Ceratozetes mediocńs or 
Ramusella insculptum. They were influenced most by field capacity. 
This correlates most with the first axis (correlation coefficient = 
0.813). The third faunal cluster involves species of the adjacent forest
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Fig. 26. Canonical correspondence analysis (CCA) biplots showing species and site arrangements at Makoszowy in relation 
to environmental parameters 
explanation of abbreviations: see Fig. 23



Fig. 27. Canonical correspondence analysis (CCA) biplots showing species and site arrangements at Murcki (dump) in relation 
to environmental parameters 
explanation of abbreviations: see Fig. 23



(dominants Conchogneta delacarlica, Lauroppia falcata, Punctońbates 
punctum  or Tectocepheus minor). They were located close to the 
centre of ordination. A set of environmental factors (e.g. potassium, 
calcium, magnesium and zinc content) has most influenced the 
distribution of these species.

As regards the diagram of the sedimentation tank at Murcki, the 
first two canonical axes explain 62.2% of the variance of species. 
The eigenvalue of axis 1 is 0.429, and of axis 2 is 0.173. Axis 2 
separates species of the forest from oribatids of the dump (Fig. 28). 
In the negative part of axis 1, but close to the intersection point 
of both axes, species that dominated in the forest, namely Cerato
zetes gracilis, Chamobates voigtsi and Lauroppia falcata were 
ordinated. Several environmental variables, e.g. pore volume, zinc, 
cadmium and lead content, were recognized as regulatory forces in 
the distribution of these species. The interest correlation values of 
these factors and axis 1 were very high (from 0.909 to 0.982). The 
separation of the species in the mine tank was not very distinct, 
although species plotted at the highest position of axis 2 were found 
to be more numerous on the younger sites. Autogneta longilamellata 
and Tńchońbatella baloghi belong to this group. Sodium content and 
C/N ratio mainly affected these species. Species located in the lower 
position of axis 2 prefer the oldest site on the dump (e.g. 
Tectocepheus minor or Liochthonius simplex). The most important 
factor influencing the occurrence of species at site 3 was pH.

The outcome of CCA analysis on the reclaimed dump at Brzeszcze 
is presented in Fig. 29. The first two axes resulting from CCA give 
a meaningful interpretation of the species and sites distribution. Axis
1 and 2 accounted for 40.8% and 25.1% of the total variance, 
respectively. Eigenvalues of axis 1 and 2 were 0.319 and 0.196, 
respectively. There is no clear grouping for the species of the 
meadow, although those species that more frequently occurred in 
the meadow (e.g. Liebstadia similis, Minunthozetes semirufus, 
Protońbates uańabilis) were ordinated in the positive part of axis 1. 
Three factors appeared to be of similar influence: field capacity, 
moisture and pore volume. These environmental variables may have 
influenced changes in the community of oribatid mites on the 
meadow. In the negative part of axis 1 and the higher position of 
axis 2 species associated mainly with site 2 were ordinated. Potas
sium, nickel, lead and to a lesser extent sodium content influence 
the occurrence of these species. Species typical of sites 1 and 3 were 
located in the lower position of axis 2. They were not separated well. 
Magnesium content accounts for the largest part of the variance in 
the occurrence of species typical of the youngest site. Content of 
available potassium and temperature mainly influence the occur-
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Fig. 28. Canonical correspondence analysis (CCA) biplots showing species and site arrangements at Murcki (tank) in rela
tion to environmental parameters 
explanation of abbreviations: see Fig. 23



Fig. 29. Canonical correspondence analysis (CCA) biplots showing species and site arrangements at Brzeszcze in relation 
to environmental parameters 
explanation of abbreviations: see Fig. 23



rence of oribatids at site 3. It was a characteristic of the reclaimed 
dump that many species were grouped close to the intersection of 
the axes. These species were proportionally distributed at all study 
sites.

It has been suggested that correlations between environmental 
factors and species communities or configuration are of limited 
value, because of the complexity of environmental factors acting 
upon the species and because of different species physiological 
tolerances (W a llw o r k , 1976). The structuring forces that influence 
the oribatid communities on the successional stages on the dumps 
were very variable, depending on the dump. With regard to the 
pioneer oribatid communities the most important environmental 
factors, revealed by the Canonical Correspondence Analysis, were 
magnesium and sodium content. It was not possible identify an 
environmental factor influencing the structuring of the oribatid 
communities at the intermediate stage of primary succession 
(areas covered by herbaceous vegetation). Eleven different environ
mental variables appear to be of influence at sites covered by shrubs 
and/or trees on the dumps. Available magnesium content was most 
frequently recognized as important for the structuring of the com
munity of oribatids. Environmental factors that are responsible for 
the development of a diverse oribatid community at a particular type 
of dump (e.g. metallurgic dumps or coal-mine dumps) were also very 
differentiated. With regard to the undisturbed nearby biotopes, more 
common environmental variables were noted. The following factors 
appear to influence oribatid fauna in these habitats: content of 
magnesium, potassium, calcium, moisture and complexity of habi
tat. Moisture and complexity were common environmental factors 
influencing the formation of oribatid communities in the adjacent 
forests.

Many of studies have explored mite abundance, species richness 
and community structure and have subsequently attempted to 
elucidate the biotic and abiotic factors responsible for the forma
tion of mite communities in the soil. Often factors such as soil 
acidity, humidity, forest type, organic matter content or inorganic 
nutrients, are indicated as factors that correlate with oribatid 
abundance and community structure. It has also been determined 
that particular features of the soil, e.g. the presence of toxicants, 
soil pH etc., significantly influence the rate of ecosystem transition 
through a certain stage (D u ng er , 1968).

One of the prime factors responsible for changes in abundance 
and community structure of oribatid mites is assumed to be soil 
p H  (e .g. K oskenniem i &  H u h ta , 1986; L ebrun &  V an  S tr aale n , 1995; 
V an  Straalen  et al., 1988). Generally, increased soil acidity results



in a higher dominance of oribatids and therefore a variety of ori
batid mite species have been termed “acidophilic”. However, Maraun
& Scheu (2000) emphasized that changes in oribatid mite commu
nities with soil pH are in fact driven by humus form. Obviously the 
reactions of the soil fauna are not directly caused by pH changes, 
but the interpretation of true causal relationships is not easy. HAgvar 
(1984) presented a detailed discussion about potential mechanisms, 
explaining the effects of acidity on microarthropods. These mecha
nisms may include direct influences of pH, but more probably they 
are mediated through indirect effects, especially changes in the com
position of microflora that form the diet of most oribatids. Only 
a slight relationship between abundance of oribatids and pH 
(Pearson correlation coefficient = 0.23 for level A and 0.38 for level 
B) was observed in the present study. Most dumps that were stud
ied were characterized by acid soil/substratum and only the soil on 
the iron dump is characterized by a pH higher than 7.0.

Some authors recognized organic matter as an important factor 
in the development of mite communities. Ghilarov (1975) showed 
proportional interrelationships between the density of micro
arthropods and the content of soil organic matter in a range of 
agricultural soils. Russell et al. (1996) suggested that the increas
ing abundances along the phytosociological gradient are most prob
ably related to an increase in soil-borne organic matter. Hasegawa 
(2001), using CCA ordination, described the total amount of organic 
matter as the most important variable for the organization of an 
oribatid community in forest soils. However, many other studies that 
focus on the effect of organic matter or biomass of microorganisms 
on oribatid mite density and community structure indicate that 
bottom-up forces are of minor importance (Behan et al., 1978; Huhta 
et al., 1967; Koskenniemi & Huhta, 1986; Marshall, 1974). The basis 
for the view that saprophages (e.g. oribatids) are controlled predomi
nantly by resource supply (bottom-up hypothesis) is the limited 
ability of saprophages to modify the amount of litter entering the 
decomposer community (Maraun & Scheu, 2000). Carbon and nitro
gen, which show an indirect effect of soil organic matter on orib
atid communities on the dumps, were rarely recognized as driving 
forces in CCA analysis. However, on the other hand it is difficult 
to deny that food may play a major role (probably an indirect one) 
in the ability of species to survive and reproduce within a new 
habitat (Whelan, 1978).

Soil humidity has been proposed as an important factor influ
encing the structure of oribatid mite communities (Borcard, 1991; 
Mitchell, 1979; Rajski, 1967, 1968; Wauthy et al., 1989; West, 1984). 
Borcard & Vaucher-von Ballmoss (1997) found soil type and water



content were the most significant local environmental determinants 
of the oribatid mite assemblage structure, although these variables 
explained only about one fourth of the total variance of the data. 
Seniczak et al. (1994) indicated that soil humidity seemed to have 
a very important effect in soils polluted by nitrogen compounds. 
Humid soil can absorb more pollutants, including poisons, into sorp
tion complexes than dry soils. The correlation between humidity and 
oribatids may represent a causal relationship between them. Accord
ing to Maraun & Scheu (2000), soil humidity is only of minor im
portance for abundance and community structure of oribatid mites. 
Indeed, soil moisture was only incidental factor in the structuring 
of oribatid communities in this research. Its effect was more evi
dent in the adjacent biotopes than on the dumps.

Inorganic nutrients have a heterogeneous vertical and horizon
tal distribution and may thus indirectly affect the distribution of 
oribatids. Usher (1976) found that the distribution of Collembola was 
correlated with certain nutrients (N, P, K and Ca). He found that 
fixed nitrogen was an important factor in predicting the abundance 
of mites as well as springtails, since it had a large loading in prin
cipal component analysis (PCA) in which a variety of factors were 
analysed. Filimonova et al. (2000) emphasized that high concentra
tions of calcium and magnesium, among other factors (organic 
matter, water-holding capacity and pH), provide favourable condi
tions for the development of soil biota in general. Tousignant & 
Coderre (1972) recognized potassium and sodium content (among 
others) as influencing the composition and abundance of these 
organisms. It is worth mentioning that oribatids themselves may 
have an indirect effect on the distribution of nutrients through their 
overall impact on decomposition (Dickinson & Pugh, 1974; Edwards 
et al., 1970). With regard to the research carried out on post-in- 
dustrial dumps, the content of inorganic nutrients was most fre
quently recognized as an important factor in the Canonical Corre
spondence Analysis.

Furthermore, predator-prey interaction and competition might be 
important. However, trophic interactions have not been well stud
ied in oribatids (Anderson, 1978b). Generally, due to a thick cuticle 
and other traits for predator avoidance, including various mecha
nisms for protection of the legs, oribatid mites have been assumed 
to live in an enemy free space (Norton, 1994), although as reported 
by Trave et al. (1996), this only applies to adults; juvenile oribatid 
mites are little sclerotized. They are observed to be attacked by 
predators like gamasid mites (Maraun & Scheu, 2000). The interre
lationships between oribatids and gamasids will be discussed in the 
chapter “Oribatid mites in assemblages of mesofauna”. Among the



biotic factors, predation seems to be a major structuring influence, 
as suggested by Lebrun et al. (1991). Other biotic interactions such 
as competition have never been clearly shown to act significantly, 
so that some authors have suggested that soil mite communities 
could often be in a state of non-equilibrium (Wauthy et al., 1989).

Maraun and Scheu (2000) stressed another, and in their opinion 
the most important, structuring force in the soil habitat, especially 
for oribatids. Disturbance has been advocated as one of the primary 
factors driving animal (and plant) distribution (Connell & Slatyer, 
1977; Huston, 1994; Southwood, 1988). Surprisingly, disturbance as 
a structuring factor for soil animal communities (Freckman & V ir
ginia, 1997) or oribatid mite communities (Aoki, 1979; Scheu & Schulz, 
1996), has had little attention until now. Disturbance in soil caused 
by soil organisms themselves is more important than in most other 
habitats, since soil organisms are very densely packed and are there
fore likely to be affected by the activity of other soil invertebrates, 
particularly by larger species (Maraun & Scheu, 2000). Oribatid mites 
are generally sensitive to disturbances. However, sensitivity varies 
considerably among oribatid mite groups forming a gradient from 
high (Enarthronota) to low (Punctońbates and Tectocepheus) sensi
tivity. Effects of disturbance might be severe for oribatids because 
the reproduction rates of most oribatid mites are low.

More variables of different origins can influence the occurrence 
of oribatids. In the chapter Ońbatids on contaminated dumps the 
influence of heavy metals on oribatids was discussed. Lead, zinc and 
cadmium were recognized as factors important in the structuring 
of oribatid communities on the contaminated zinc dump at 
Wełnowiec. The content of some heavy metals was also occasion
ally included among the important variables on other dumps. The 
degree of slope can influence oribatid abundance and community 
structure on dumps. It influences soil humidity and, in consequence, 
can lead to a certain degree of stress. This factor only influenced 
oribatids on the mine dump at Murcki where the two sites were not 
situated on an even surface (site 1-30°, site 2-40°).

It seems reasonable that the variety of factors, physical and 
biological, by which dumps and sites differ, produce a patchwork 
of environmental conditions and that different abundance of spe
cies and community structures result from the responses to these 
factors.

Niedbała (2000) discussed the problem of making precise studies 
of soil mites, and mentioned how difficult it is to determine the 
influence of microhabitat conditions because of the relatively expen
sive and hardly accessible equipment required. It is difficult to obtain 
repeatable results. In his opinion, it is impossible to repeat a study



because of fast changes in the microhabitats. Moreover, it is very 
difficult to perform an accurate assessment of a microhabitat, in 
particular, in long cycles of studies, because of its small size. In the 
long term, the conditions are different because of the succession 
process (Niedbała, 2000). Niedbala’s remarks are valuable because 
we should always recognize that even with use of sophisticated 
statistical analyses and expensive equipment, the real influence of 
environmental conditions on mites in the soil may be entirely dif
ferent. On the other hand, we should remember that part of 
Niedbala’s remarks on the limitations of ecological studies are sim
ply unresolved. Niedbała (2000) suggested the necessity of using 
“micro-receptors” -  small devices able to measure abiotic factors in 
a very small volume -  to investigate the microcosmos of mite spe
cies properly. This sounds interesting, but when using this expen
sive apparatus, we would measure only abiotic factors, in particu
lar small spaces used by certain species, or rather by certain in
dividuals of certain species. Environmental conditions might be 
different (at least slightly) a few centimetres away. Oribatids show 
an aggregated pattern of dispersal and they live surrounded by food. 
Nevertheless, mites, despite being poor “walkers”, may move from 
one microhabitat to another many times a week. According to 
Berthet (1964b) oribatid species may move on average 5 cm a day, 
whereas, Krivolutsky (1977) estimated the movement of oribatids at 
from a few to 10 metres a day and night.

7.8. Direct long-term studies of succession

Three of the dumps studied had been sampled in the past and 
a sequential approach for the study of succession of oribatid mites 
was able to be used. The oribatid fauna on the iron dump at Chorzów 
was analysed again on two sites after 12 years. The fauna of the 
zinc dump and of the reclaimed mine dump were studied again at 
three sites after 7 years.

The abundance of oribatids had significantly increased from 4055 
m'2to 18 215 m'2 over 12 years at the younger site on the iron dump 
at Chorzów (Fig. 30). The number of species had doubled. The 
species diversity (H') also increased. The dominance structure was 
rebuilt (Table 23). Three species exceed 5% of the total (Oppiella nova, 
Microppia minus and Tectocepheus velatus) in 1998/2000. T. velatus 
had comprised over 73% of the community in the past, but only 
6.3% in 1998/2000. Another species, O. nova, constituted the



majority of that community (57%) twelve years later. The third 
numerous species, M. minus, had been absent in the past. Surpris
ingly, the number of common species between the two periods at 
the site was low (11). As regards the older site, the increase in 
abundance and number of species was not so high (Fig. 30). The

Site 1 Site 2

1986/1987

1998/2000

Fig. 30. General characteristics of the oribatid mite communi
ties on the iron metallurgic dump at Chorzów in 1986/ 1987 and 
12 years later

T a b l e  23
Dominant species (%) in the oribatid mite communities on the 
iron metallurgic dump at Chorzów in 1986/1987 and 12 years

later

Species

Site 2 Site 3

1986/1987 
(S 1)

1998/2000 1986/1987 
(S 2)

1998/2000

Ceratozetes mediocńs 1.4 0.05 5.4 -

Eupelops tardus 2.3 - 7.9 7.0
Lauroppia fallax 0.5 - 3.0 12.8
Liebstadia similis 1.8 0.05 10.2 13.2
Microppia minus - 16.2 - 0.3
Oppiella nova 4.1 57.2 3.0 7.9
Protońbates capucinus 1.4 - 0.5 5.8
Punctońbates punctum 2.3 1.9 6.8 5.9
Rhysotritia ardua 1.4 - 5.6 3.2
Schelońbates laevigatus 1.8 - 7.5 4.7
Tectocepheus velatus 73.3 6.3 13.9 24.8
Tńchońbatella baloghi 0.9 0.05 11.5 0.1

Bold typed values indicate dominant species on a particular site.

abundance doubled but only another three species were found in 
1998/2000. The number of common species (27) was twice as high 
than on the younger site. The changes in species composition and 
dominance structure were also high. Only three of the abundant 
species attained similar proportions in 1986/1987 and 1998/2000,



e.g. Eupelops tardus, Liebstadia similis and Punctońbates punctum 
(Table 23). The dominance structure was even less stable in 1998/ 
2000, and was marked by lower species diversity.

There was also the possibility to compare the proportion of 
oribatids and other mite groups in the community on the iron dump 
in 1986/1987 and 12 years later (Fig. 31). The proportion of oriba-
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Fig. 31. The proportion of different groups of mites in the communities on 
the iron metallurgic dump at Chorzów

tids increased on both sites and they constituted over 50% of the 
total mite number in 1998/2000. The proportion of gamasids and 
other mite groups (Actinedida and Acaridida) decreased. The pat
tern of these changes was particularly significant on the older site.

Three analysed parameters of the oribatid mite community (abun
dance, species richness and diversity) increased at the pioneer stage 
(site 1) on the zinc dump at Wełnowiec (Fig. 32), although the 
increase was only slight. With regard to the intermediate site, the 
abundance increased from 5907 m"2 (1991/1992) to 7368 m"2 (1998/ 
2000), whereas the number of species and diversity slightly de
creased. The abundance doubled at the oldest site and the number 
also significantly increased from 28 to 40 species. A slight increase 
in species diversity was noted at this site. Reconstruction of the 
dominance structure was noted at three sites studied (Table 24). 
The proportion of three species (Ceratozetes mediocris, Oppiella nova 
and Tectocepheus velatus) was similar at the sites in 1991/1992 and 
seven years later. Some new abundant species occurred in 1998/ 
2000, e.g. Peloptulus phaenotus (site 1), Pilogalumna allifera and 
Cultroribula lata (site 3). Suctobelbella subcornigera was the only 
abundant species present at site 1 on the dump in 1991/1992,

□  Oribatida 

0  Gamasida 

B  other Acari



1393 m"2 5907 m '2 10023 m "2
1991/1992 11 species 26 species 28 species

H' = 1.680 H' = 1790 H' = 1.920

2090 m '2 7368 m '2 20194 m 2
1998/2000 13 species 22 species 40 species

H' = 1.711 H'= 1.624 H’ = 1.991

Fig. 32. General characteristics of the oribatid mite communities on the zinc dump 
at Wełnowiec in 1991/1992 and 7 years later

T a b l e  24
Dominant species (%) in the oribatid mite communities on the zinc dump at 

Katowice Wełnowiec in 1991/1992 and 7 years later

Species
Site 1 Site 2 Site 3

1991/1992 1998/2000 1991/1992 1998/2000 1991/1992 1998/2000

Ceratozetes mediocris 
Oppiella nova 
Peloptulus phaenotus 
Ramusella assimilis 
Tectocepheus velatus 
Trichoribatella baloghi

4.4 
34.8

36.3
5.4

11.9
8.9 

23.8
2.0

42.1
0.5

6.3
11.0
0.5
3.2

56.5
4.7

27.5
15.7 
5.3
0.7

41.8
0.2

7.7
50.9
1.9
5.5
11.2
0.4

21.7
42.9
5.1
2.2
8.5
1.5

Bold typed values indicate dominant species on a particular site.

which had disappeared seven years later. The number of common 
oribatid species varied from 8 (site 1) to 20 species (site 3).

The abundance of oribatids was 2.5 times higher at the young
est site on the reclaimed dump at Brzeszcze after 7 years (Fig. 33). 
The increase of abundance was lower at the intermediate site and 
a decrease in numbers of oribatids was noted at the oldest site. The 
same trend was observed with regard to the number of species and 
species diversity. The dominance structure of the oribatid commu
nity became more stable after the stated period of time at site 1 
(Table 25). Instead of two superdominants (Oppiella nova -  31.9% 
and Tectocepheus velatus -  45.8%), four dominant species of more 
even proportions were found at the site in 2001/2002. At the older 
sites, opposite changes occurred in the dominance structure. O. nova 
comprised a very high proportion (43.9%) of the total number of 
oribatids at site 2 in 2001/2002. This trend was even more distinct 
at the oldest site, where O. nova comprised over 60% of the total 
community. The number of common species and their proportion 
of the general number of species increased from site 1 to site 3.



3882 m'2 11215 m’2 54889 m '2
1994/1995 29 species 36 species 51 species

H' = 1.572 H' = 2.212 H’ = 2.280

10896 m-2 19792 m"2 50174 m '2
2001/2002 51 species 45 species 41 species

H' = 2.371 H' = 2.286 H' = 1.623

Fig. 33. General characteristics of the oribatid mite communities on the reclaimed 
mine dump at Brzeszcze in 1994/1995 and 7 years later

T a b l e  25
Dominant species (%) in the oribatid mite communities on the reclaimed 

mine dump at Brzeszcze in 1994/1995 and 7 years later

Species
Site 1 Site 2 Site 3

1994/1995 2001/2002 1994/1995 2001/2002 1994/1995 2001/2002

Achipteria coleoptrata - 0.2 0.5 0.6 4.2 10.7
Ceratozetes peritus 2.0 - 1.7 - 28.0 -
Hypochthonius rufulus - - 0.05 7.2 0.2 -
Medioppia obsoleta 0.8 2.4 0.2 0.5 22.9 3.2
Oppiella nova 31.9 37.3 3.1 43.9 11.3 60.7
Protońbates variabilis 0.8 0.4 6.2 0.95 0.03 -
Punctońbates punctum 1.1 18.0 2.7 6.2 5.3 3.3
Scheloribates laevigatus 0.7 0.7 26.8 0.25 0.8 0.02
Scheloribates latipes 3.0 7.7 - 0.1 0.6 0.03
Sphaerozetes orbicularis - - 10.9 - 0.04 -
Tectocepheus minor 8.8 0.9 2.1 11.9 0.7 0.5
Tectocepheus velatus 45.8 6.8 29.3 3.6 10.9 4.5

Bold typed values indicate dominant species on a particular site.

Some interesting conclusions may be derived from the observed 
patterns in direct long-term studies on the dumps. The oribatid 
fauna on younger sites of post-industrial dumps can double after 
10 years. The increase in abundance is lower at older sites. The 
species turnover is higher in the earlier successional stages of the 
oribatid succession and decreases with the age of a dump. The 
development of oribatid fauna is slower on the contaminated dumps, 
possibly due to heavy metals content and its influence on vegeta
tion. The positive aspects of a dump’s reclamation are distinct only 
over the first ten years. Later the development of oribatids slows and 
after 20 years the abundance and species richness starts to de
crease.



Chapter 8. Colonizers and persisters 
on dumps

A large number of species (172) were collected at 28 sites and
7 localities (Appendix 6 -  CD-ROM). High differentiation was ob
served between the sites with regard to species composition. Of 140 
species collected on 7 different dumps and from 21 plots, only 8 
mite species were common to all locations: Brachychochthonius 
immaculatus, Ceratozetes mediocris, Oppiella nova, Schelońbates 
laevigatus, Suctobelbella acutidens, Suctobelbella sarekensis, 
Suctobelbella subcornigera and Tectocepheus velatus. Even if com
pared dumps are heaped with the same sort of waste, e.g. coal-mine 
dumps (Biskupice, Makoszowy and Murcki), the number of common 
species is small (14). When we compare a particular stage of suc
cession on the dumps, the number of common species is very small. 
Of 78 species recorded on the youngest sites on the dumps only
2 species (Oppiella nova and Tectocepheus velatus) occurred at all 
sites. On the whole, few species were lost from the oribatid fauna 
during the succession. New species were added regularly, up to the 
stage of 25 years.

To determine whether a species is associated positively or nega
tively, with sites, observed frequencies (C) were compared in 
a contingency table using £ .  Dominant species were taken into ac
count in this analysis. The results are given in Tables 26 to 32. 
A great number of positive associations with one of a site was found. 
The analysis helped to select three groups of species characteristic 
of the successive phases on dumps. The successional changes in 
Oribatida reflect the responses of individual species to changes in 
the environment during succession (B ellido  &  D e le p o r t e , 1994). 
There were “early” successional species, which occurred on the
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Species
Site 1 (C 1) Site 2 (C 2) Site 3 (C 3) Meadow (C M) Association with sites

A D C A D C A D C A D C Cl C2 C3 CM / P
Eupelops tardus 7 0.7 1.2 - - - 903 7.0 57.5 56 0.6 6.4 - A + - 141.37 0.000
Lauroppia fallax - - - - - - 1646 12.8 42.5 10 0.1 1.8 A A + - 116.86 0.000
Liebstadia similis 7 0.7 1.2 7 0.05 1.2 1701 13.2 75.0 500 5.0 20.9 - - + - 156.18 0.000
Liochthonius propinquus 97 9.4 6.2 104 0.7 7.5 125 1.0 12.5 - - - + - - A 13.34 0.004
Microppia minus - - - 2 333 16.2 46.2 42 0.3 7.5 5 0.05 0.9 A + - - 109.54 0.000
Oppiella nova 160 15.4 6.2 8250 57.2 76.2 1021 7.9 25.0 2 975 30.0 53.6 - + - + 93.79 0.000
Protoribates capucinus - - - - - - 743 5.8 26.2 - - - A A + A 75.39 0.000
Punctoribates punctum 7 0.7 1.2 278 1.9 21.2 757 5.9 40.0 91 0.9 7.3 - - + - 53.49 0.000
Scutovertex sculptus 528 51.0 47.5 410 2.8 30.0 28 0.2 5.0 252 2.5 28.2 O O - O 36.46 0.000
Tectocepheus velatus 76 7.4 8.7 917 6.3 50.0 3 187 24.8 87.5 3 256 32.8 78.2 - - + + 128.73 0.000
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Species
Site 1 (W 1) Site 2 (W 2) Site 3 (W 3) Meadow (W M) Association with sites

A D C A D C A D C A D C W1 W2 W3 WN / P

Ceratozetes mediocris 167 11.9 11.2 1563 27.5 58.7 3 569 21.7 80.0 121 2.8 10.9 - + + - 133.46 0.000
Oppiella nova 125 8.9 15.0 896 15.7 13.8 7 056 42.9 58.7 66 1.6 10.0 - - + - 74.66 0.000
Peloptulus phaenotus 333 23.8 25.0 299 5.3 16.2 847 5.1 61.2 61 1.4 5.4 - - + - 81.43 0.000
Protoribates variabilis - - - - - - 7 0.04 1.2 505 11.8 30.0 A A - + 75.36 0.000
Scutovertex sculptus - - - - - - 7 0.04 1.2 1 101 25.6 60.0 A A - + 173.06 0.000
Tectocepheus velatus 590 42.1 32.5 2 382 41.8 85.0 1396 8.5 60.0 2 111 49.1 65.4 - + - + 47.69 0.000

+ positive association, -  negative association, O no association, A absent. 
Bold typed values indicate dominant species on a particular site.
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Species
Site 1 (B 1) Site 2 (B 2) Site 3 (B 3) Meadow (B M) Association with sites

A D C A D C A D C A D C B1 B2 B3 BM / P
Achipteńa coleoptrata 35 1.3 2.5 375 5.3 43.7 - A A + 108.40 0.000

Adoristes poppei 208 7.0 1.2 A A A 6.04 0.11

Banksinoma lanceolata 382 5.4 32.5 A A A + 84.89 0.000

Ceratozetes mediocris 28 0.9 3.7 542 2.1 36.2 7 0.05 1.2 854 12.1 53.7 - - - + 86.69 0.000

Heminothrus peltifer 69 2.3 1.2 7 0.03 1.2 - - - 549 7.8 42.5 - - A + 104.41 0.000

Oppiella nova 111 3.8 12.5 8 049 30.4 67.5 3 576 32.6 67.5 618 8.8 43.7 - O O O 65.36 0.000

Pergalumna nervosa - - - 382 1.4 28.7 604 5.6 46.2 - - - A - + A 81.89 0.000

Ramusella assimilis 7 0.2 1.2 - - - 1 181 10.9 21.2 - - - - A + A 49.21 0.000

Scheloribates laevigatus 42 1.5 5 3 951 14.9 75.0 7 0.05 1.2 1 694 24.0 71.2 - + - + 166.65 0.000

Scutovertex sculptus 1 049 35.4 55.0 118 0.4 8.7 - - - - - - + - A A 124.53 0.000

Suctobelbella subcornigera 21 0.7 3.7 1 569 5.9 53.7 542 4.9 35.0 222 3.1 25.0 - + + - 50.19 0.000

Suctobelbella subtrigona - - - 118 0.4 11.2 1 847 16.9 66.2 - - - A - + A 154.36 0.000

Tectocepheus velatus 1 056 35.6 37.5 4 208 15.9 90.0 639 5.9 50.0 35 0.5 5.0 O O O - 119.46 0.000
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Species
Site 1 (M 1) Site 2 (M 2) Site 3 (M 3) Forest (M F) Association with sites

A D C A D C A D C A D c Ml M2 M3 MF ł P

Achipteria coleoptrata 1764 7.4 78.7 A A A + 235.33 0.000
Brachychochthonius cricoid.es 396 9.3 23.7 14 0.3 2.5 - - - - - - + - A A 51.93 0.000
Liochthonius simplex 250 5.8 13.7 14 0.3 2.5 - - - - - - + - A A 26.54 0.000
Microppia minus 28 0.6 2.5 28 0.6 3.7 465 5.4 21.2 3 576 15.0 55.0 - - + + 84.54 0.000
Oppiella nova 257 6.0 28.7 2 806 64.0 66.2 5090 58.4 86.2 8333 34.9 81.2 - O O O 71.97 0.000
Oribatula tibialis - - - 7 0.15 1.2 542 6.2 22.5 236 1.0 18.7 A - + + 34.35 0.000
Suctobelbella subcomigera - - - 21 0.5 3.7 236 2.7 20.0 2458 10.3 67.5 A - - + 132.90 0.000
Tectocepheus velatus 2958 69.2 81.2 840 19.2 60.0 1 153 13.2 76.2 28 0.1 5.0 O o o - 118.75 0.000
Trhypochthonius tectorum - - - 278 6.4 7.5 7 0.08 1.2 - - - A + - A 14.46 0.002
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Species Site 1 (MD 1) Site 2 (MD 2) Site 3 (MD 3) Forest (MD F) Association with sites

A D c A D c A D c A D c MDl MD2 MD3 MDF P

Brachy chochthonius cricoides 
Brachy chochthonius

35 5.9 5.0 28 1.3 5.0 - - - 20 0.04 2.7 o O A o 4.47 0.21

immaculatus 83 14.3 8.7 215 10.2 15.0 - - - 5 0.01 0.9 + + A - 23.73 0.000
Ceratozetes mediocris - - - 69 3.3 11.2 1076 7.2 48.0 - - - A - + A 150.58 0.000
Conchogneta delacarlica - 8 020 17.7 90.9 A A A + 305.45 0.000
Lauroppia falcata - 4 242 9.3 78.2 A A A + 248.76 0.000
Liochthonius piluliferus 76 13.1 6.2 236 11.2 15.0 - - - - - - + + A A 27.84 0.000
Medioppia obsoleta - - - - - - 1764 11.7 55.0 76 0.2 9.1 A A + - 128.58 0.000
Oppiella nova 215 36.9 16.2 1056 49.8 52.5 9118 60.7 87.5 3 747 8.3 70.0 - O O O 93.13 0.000
Punctońbates punctum 5419 11.9 90.0 A A A + 301.19 0.000
Ramusella (I.) insculptum 42 7.1 7.5 7 0.3 1.2 319 2.1 26.2 - - - - - + A 50.75 0.000
Tectocepheus minor - - - 28 1.3 2.5 - - - 2480 5.5 80.9 A - A + 251.55 0.000
Tectocepheus velatus 42 7.1 5.0 236 11.2 18.7 604 4.0 33.7 318 0.7 30.0 - O O O 23.99 0.000
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Species
Site 1 (MT 1) Site 2 (MT 2) Site 3 (MT 3) Forest (MT F) Association with sites

A D C A D C A D C A D C MT1 MT2 MT3 MTF s P
Autogneta longilamellata 42 8.7 2.5 14 0.04 2.5 o A A O 4.05 0.26
Ceratozetes gracilis 7 1.4 1.2 - - - 7 0.03 1.2 2 799 8.2 76.2 - A - + 215.88 0.000
Ckamobates voigtsi - - - 7 0.3 1.2 7 0.03 1.2 2 028 5.9 78.7 A - - + 225.09 0.000
Lauroppia falcata 14 2.8 2.5 - - - 7 0.03 1.2 4 674 13.7 80.0 - A - + 224.93 0.000
Liochthonius simplex 14 2.8 2.5 299 12.1 12.5 2 306 11.5 17.5 7 0.02 1.2 - + + - 19.21 0.000
Oppiella nova 194 40.5 15.0 1 118 45.3 52.5 12 70] 63.1 97.5 8 722 25.5 87.5 - - + + 169.76 0.000
Oribatula tibialis 21 4.3 3.7 14 0.5 2.5 493 2.5 43.5 2 437 7.2 90.0 - - + + 176.49 0.000
Punctońbates punctum 7 1.4 1.2 201 8.1 13.7 632 3.1 40.0 132 0.4 16.2 - - + - 42.93 0.000
Suctobelbella sarekensis 35 7.2 3.7 21 0.8 3.7 35 0.18 5.0 583 1.7 45.0 - - - + 81.34 0.000
Tectocepheus minor - - - 7 0.3 1.2 1 292 6.4 50.0 97 0.3 15.0 A - + - 94.32 0.000
Tectocepheus velatus 14 2.8 5.0 250 10.1 25.0 444 2.2 41.2 403 1.2 37.5 - O O o 37.60 0.000
Trichońbatella baloghi 21 4.3 3.7 326 13.2 2.5 56 0.3 8.7 - - - - + - A 39.72 0.000
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Species
Site 1 (BR 1) Site 2 (BR 2) Site 3 (BR 3) Meadow (BR M) Association with sites

A D C A D C A D C A D c BR1 BR2 BR3 BRM / P
Achipteria coleoptrata 14 0.2 2.5 172 0.6 11.2 4 271 10.7 95.0 326 3.4 35 - - + - 181.28 0.000
Ceratozetes mediocris 42 0.5 3.7 28 0.25 3.7 1 875 4.7 73.5 486 5.1 33.7 - - + + 128.88 0.000
Hypochthonius rufulus - - - 889 7.2 62.5 - - - 882 9.2 58.7 A + A + 139.46 0.000
Liebstadia similis - - - 7 0.05 1.2 - - - 875 9.1 51.2 A - A + 136.05 0.000
Minunthozetes semirufus 42 0.5 5.0 - - - - - - 590 6.1 35.0 - A A + 75.55 0.000
Oppiella nova 2 944 37.3 71.2 5 493 43.9 83.7 24 30f 60.7 95.0 479 5.0 37.5 O O O o 73.52 0.000
Protoribates variabilis 35 0.4 3.7 118 0.95 7.5 - - - 785 8.2 41.2 - - A + 75.97 0.000
Punctoribates punctum 1 417 18.0 61.2 764 6.2 50 1 333 3.3 75.0 278 2.9 25 o o O o 43.17 0.000
Scheloribates laevigatus 56 0.7 8.7 28 0.25 5.0 7 0.02 1.2 1 250 13.0 68.7 - - - + 148.66 0.000
Scheloribates latipes 611 7.7 41.2 14 0.1 2.5 14 0.03 2.5 83 0.9 12.5 + - - - 64.32 0.000
Tectocepheus minor 69 0.9 8.7 1 486 11.9 66.2 194 0.5 15.0 - - - - + - A 122.29 0.000
Tectocepheus velatus 535 6.8 52.5 444 3.6 45.0 1 812 4.5 70.0 97 1.0 10 0 o o - 61.73 0.000



youngest sites. Some of the species were no longer present on the 
older sites. These are called “sprinters”. Other species did not lose 
their status as the community developed and sometimes even 
improved it. These are called “long-distance runners”. The third 
group of oribatids, the so called “late” successional species, com
prises species that are absent or very rare at the younger sites but 
are abundant at the oldest sites. Large groups of both “early” and 
“late” successional species were indicated by the analysis (Table 33). 
There were 12 and 11 oribatid species in these groups, respectively. 
Most of those species were much less abundant in the nearby un
disturbed biotopes. Only two species showed different responses. 
Ceratozetes mediocńs was an eudominant species at all sites on the 
zinc dump (“long distance runner”) and occurred on older sites on 
the mine dump at Murcki (“late” successional species). Similarly 
Liochthonius simplex was classified as a “sprinter” on the mine dump 
at Makoszowy and as a “late” successional species in the sedimen
tation tank.

Two species deserve special attention when describing coloniza
tion and succession on dumps -  Oppiella nova and Tectocepheus 
velatus. Both species are characterized by a strong ability to colo-

T a b l e  33
“Early” and “late” successional species on post-industrial dumps 

(s -  “sprinter”, I -  “long-distance runner”)

“Early” successional species “Late” successional species

Adoristes poppei (B -  s)
Autogneta longilamellata (MT -  s) 
Brachychochthonius cricoides (M, MD -  s) 
Brachychochthonius immaculatus (MD -  s) 
Liochthonius piluliferus (MD -  s) 
Liochthonius propinquus (C -  I)
Oppiella nova (C, W, M, MD, MT -  I) 
Peloptulus phaenotus (W -  I)
Ramusella (I.) insculptum (MD -  I) 
Scutovertex sculptus (C, B -  s) 
Suctobelbella sarekensis (MT -  I) 
Tectocepheus velatus (C, W, B, M, MD -  I)

Eupelops tardus (C)
Lauroppia fallax (C)
Liebstadia similis (C) 
Medioppia obsoleta (MD) 
Microppia minus (M)
Oribatula tibialis (M) 
Pergalumna nervosa (B) 
Protoribates capucinus (C) 
Punctoribates punctum (C, MT) 
Ramusella assimilis (B) 
Suctobelbella subtrigona (B) 

Tectocepheus minor (MT)

Species characterized by different reactions on particular dumps

Ceratozetes mediocris 

W - I  MD 

Liochthonius simplex 

M -  s MT
Explanation of abbreviations -  see Table 4 and 5.



nize. They occurred on all dumps and at each site. They were domi
nant and frequently superdominant species at almost all sites, al
though the abundance of the species, its dominance or frequency 
of occurrence fluctuated considerably among sites at a particular 
dump.

Oppiella (Oppiella) nova (Oudemans, 1902) is a relatively small 
oribatid with an average body size of 250 |im in length. The short 
developmental period of this species, repeated egg deposition and 
parthenogenetic reproduction probably favour the wide and varied 
habitat selection of O. nova (Kaneko, 1988a). The species is there
fore expected to respond to various climatic conditions by altering 
the number of generations according to changes in the ambient tem
perature. This may partly explain the cosmopolitan distribution of 
the species (Kaneko, 1988a). The opinions concerning the feeding 
habits of O. nova are unanimous; the species belongs to the feed
ing guild of microphytophages (Kaneko, 1988b; Lebrun, 1965; Luxton, 
1972).

Tectocepheus velatus (Michael, 1880) is one of the most frequent 
and common species of oribatid mites throughout the world. It is 
without doubt an extremely ubiquitous species with very wide 
ecological tolerance, whose habitat includes preserved natural ar
eas (Aoki, 1967; Luxton, 1981a), or extremely disturbed biotopes 
such as agroecosystems (Scheu & Schulz, 1996), urban environ
ment (S k u b a ła  &  D z iu b a , 1995) or post-industrial dumps (S k u b a ła ,  

1995). Presumably, due to its parthenogenetic mode of reproduc
tion (Norton et al., 1993) the species recovers quickly from dis
turbance. It has 3-5 generations per year, a developmental cycle 
that lasts only a few weeks and a total lifespan of less than a year. 
If the amount of food is sufficient, development may proceed even 
faster. In addition, T. velatus is known to tolerate harsh environ
mental conditions, e.g. low pH (HAgvar & Amundsen, 1981). Accord
ing to Siepel & Ruiter-Dijkman (1993) T. velatus belongs to the 
feeding guild of opportunistic herbo-fungivores. The species is able 
to digest cellulose in cell walls of living green plants and trehalose 
in fungi. Luxton (1972) classified the species as a microphytophage. 
It is a peculiar species, because it probably depends on the en
vironmental conditions as to what kind of food will be used by the 
species (Siepel & Ruiter-D ijkman, 1993).

Both species are well known as frequent inhabitants of dumps 
of various kinds (see Tables 15 and 16). In contrast with most other 
oribatid mites T. velatus is known to colonize new habitats quickly 
(Norton, 1994; Skubała, 1995). O. nova is also regarded as a spe
cies characteristic of pioneer habitats (Rjabinin & Pan'kov, 1987).



After considering O. nova and T. velatus, any similarities in the 
group of successional species on the dumps are finished. Most other 
oribatids are unable to sustain populations under such a broad 
range of conditions, although species living successfully, at least on 
some of the dumps, would likewise be equipped to withstand these 
conditions.

Four representatives of the family Brachychthoniidae were in
cluded as “early” successional species. Three of them were classi
fied as “sprinters” (Brachychochthonius cricoid.es (Weis-Fogh, 1948),
B. immaculatus Forsslund, 1942 and Liochthonius piluliferus 
(Forsslund, 1942)) and one as a “long-distance runner” (Liochthonius 
propinquus Niedbała, 1972 -  Fig. 34). Mites of this family have been 
observed as tolerant to air pollutants (Seniczak et al., 1994) and as 
the most successful colonizers of young pine forest (Niedbała, 1976). 
Mixochthonius laticeps was found as the most numerous species on 
newly vegetated acid coal-shale tips (Luxton, 1982). Liochthonius 
lapponicus and L. propinquus dominated on a young reedy area of 
zinc and lead dumps (Skubała et al., 1998). The preference of 
brachychthoniids for low pH was recognized by Luxton (1982) and 
has been confirmed by other studies (Skubała, 1997b, 1999). The 
pH of the soil on dumps at Makoszowy and Murcki (MD) where 
brachychthoniids play an important role was acid. However, the soil 
was neutral on the dump at Chorzów, where L. propinquus was 
recognized as an “early” successional species. In other studies car
ried out on dumps the brachychthoniids were not identified as domi
nants (Tables 15 and 16). Brachychthoniidae only lay one or two 
eggs per brood (Forsslund, 1942, 1957) and develop slowly from the 
juvenile to the adult stage (TravE et al., 1996). As indicated by the 
present study, it did not prevent the species from being a success
ful colonizer.

Many species of the Suctobelbidae were found on the dumps 
studied (21 species in total). The range was from 6 species on the 
dumps at Makoszowy and Murcki (MD) to 10 species on the zinc 
dump at Wełnowiec, although only a few species occurred in high 
abundance. Suctobelbella sarekensis (Forsslund, 1941) was classi
fied as an “early” successional oribatid, whereas Suctobelbella 
subtrigona (Oudemans, 1900) belonged to the “late” successional spe
cies. Presumably the Suctobelbidae are ecologically similar; simi
larities in respect of morphological characteristics among the spe
cies is high (small size, sucking “suctobelbid” mouthparts). Because 
of the rarity of males, thelytokous reproduction is suspected (Norton 
& Palmer, 1991). That might be an important advantage in coloniz
ing dumps. Only limited information on feeding biology and on life- 
history characteristics of suctobelbids is available. The high



biodiversity of suctobelbids in artificial biotopes, e.g. post-industrial 
wastelands, has been confirmed by other studies (Skubała, 1995, 
1996, 1999; Skubała et al., 1998), although these species rarely 
attain high abundance. Rjabinin 8s Pan'kov (1987) emphasized that 
the genus Suctobelbella is characteristic of pioneer habitats.

Together with Oppiella nova, five other species of the Oppiidae 
play an important role on the dumps. Ramusella (I.) insculptum (Paoli, 
1908) was recognized as an “early” successional species on the mine 
dump at Murcki, and four other species (Lauroppia fallax (Paoli, 
1908) -  Chorzów, Medioppia obsoleta (Paoli, 1908) -  Murcki (MD), 
Microppia minus (Paoli, 1908) -  Makoszowy and Ramusella (R.) 
assimilis (Mihelćić, 1956) -  Biskupice) were classified as “late” suc
cessional species. In contrast with most oribatids the relationship 
between habitat and density appears to be less pronounced in 
Oppiidae. The family is generally abundant in forest soils, although 
in strongly disturbed habitats like fields their density is usually low 
(Maraun & Scheu, 2000). However, Aoki (1979) classified Oppiidae as 
being an environmentally insensitive family. This is not confirmed 
by the present observations. R. insculptum and M. obsoleta were 
much more numerous on the dump than in the nearby forests. Only 
M. minus -  the abundant species at site 3 at Makoszowy -  occurred 
in higher numbers in the forest. Oppiidae are known to reproduce 
quickly. Thelytokous reproduction is widespread. Eggs develop 
quickly (< 40 days) and the adult lifespan is comparatively short 
(30-300 days, Luxton, 1981b). They appear to have wide ecological 
ranges, colonize a wide spectrum of ecosystems and presumably are 
more opportunistic feeders with a wider food spectrum (Stefaniak 8& 
Seniczak, 1981) than most other groups of oribatid mites (Rajski, 
1967, 1968). On the other hand, the Oppiidae are a heterogeneous 
group and species may differ significantly in respect to ecological 
characteristics (Maraun & Scheu, 2000). A few oppioids were reported 
as dominant species from several dumps, e.g. Microppia minus 
(Babenko, 1980; Stebaeva & Andrievskii, 1997), Ramusella assimilis 
(Skubała, 1998), Quadroppia quadricarinata (Bielska, 1982b, 1995), 
Medioppia subpectinata (Bielska, 1995), Medioppia obsoleta (Skubała, 
1998; Bielska, 1982b) and Berniniella rafalskii (Skubała, 1998). Hith
erto, Ramusella insculptum (a “long distance runner” from the mine 
dump at Murcki) had not been recorded on dumps.

The occurrence of Adoństes poppei (Oudemans, 1906) on the “fresh” 
mine dump at Biskupice (a “sprinter”) is surprising. Niedbała (1972) 
described the biotope of a pine forest as the optimal habitat of the 
species. Other authors do not mention its typical biotope. It is a 
mesohygrophilous oribatid (Niedbała, 1972). Strenzke (1952) recorded 
the species in situations of medium and high moisture, having



similar abundance. With regard to food preferences, it is the only 
macrophytophage (Schatz, 1983b) among the successional species.

Autogneta longilamellata (Michael, 1885) was found as an “early” 
successional species (“sprinter”) in the mine sedimentation tank, 
whereas according to the literature it is a “forest” oribatid (Rajski, 
1968; Schatz, 1983b). Little information could be found on the 
ecology of the species. Hitherto, A. longilamellata had not been found 
on post-industrial dumps.

Peloptulus phaenotus (C.L. Koch, 1841) was found as an “early” 
successional species (“long-distance runner”) on the highly contami
nated dump at Welnowiec. It is a heliophilous oribatid character
istic of open biotopes (Rajski, 1968; Schatz, 1983b). The species 
consumes plant material and microorganisms (non-specialist) 
(Olszanowski & Niedbała, 2000). P. phaenotus has rarely been recorded 
on post-industrial dumps in high numbers. It was classified as 
dominant only on a single ash dump in Silesia (Bielska & Paszewska, 
1995).

Scutovertex sculptus Michael, 1879 is a typical pioneer species on 
the dumps at Chorzów and Biskupice (Fig. 10). Its abundance 
decreases on older sites. Little information exists on the ecology of 
the species. The species is found mostly in Southern and Central 
Europe (Schatz, 1983b). It has rarely been recorded as a dominant 
on dumps. It has been found in great numbers on the young 
unforested galena-calamine wastelands in Bukowno (Skubała, 1996), 
on ash dumps (Bielska & Paszewska, 1995), and on a dolomitic dump 
(Skubała, 1999). Furthermore, the mite was also abundant in salt 
soils (Seniczak et al., 1985) and on slopes of waste product deposits 
from the sodium industry (Klimek et al., 1991). It has features that 
may be useful in colonizing wastelands. Lions (1966), Weigmann & 
Stratil (1979) and Zalewska (1989) found it in dry habitats. Trave 
(1963) noted it in habitats of low organic matter content, e.g. on 
stony areas lacking vegetation. Nevertheless, S. sculptus has com
paratively rarely been observed as an abundant “pioneer” oribatid 
species.

Eupelops tardus (C.L. Koch, 1836) is one of the “late” successional 
species on the iron dump at Chorzów (Fig. 35). It was absent or 
occurred only rarely in other studies carried out on dumps (see 
Tables 15 and 16). It occurred abundantly on the iron dump in 
Bytom (Skubała, 1995) and on the galena-calamine wastelands in 
Bukowno (Skubała, 1996). Rajski (1968) pointed out that E. tardus 
prefers open habitats. With regard to water requirements, it is 
probably xerophilous (Schatz, 1983b). This feature might be advan
tageous for colonizing dumps. It is another panphytophage among 
successional oribatids (Schatz, 1983b).



Liebstadia similis (Michael, 1888) is another species associated 
with older sites on the iron dump at Chorzów. The species is re
garded as an oribatid typical of open biotopes (Niedbała, 1977; 
Rajski, 1968; Seniczak et al., 1996), although Borcard (1994) de
scribed the species as eurytopic. According to Schatz (1983b) L. 
similis is hygrophilous, although Rajski (1968) reported the spe
cies as mesohygrophilous. The species is heliophilous and well 
known as the host of anoplocephalids (Rajski, 1968; Schatz, 1983b). 
As regards feeding habits, L. similis is a panphytophage (Borcard, 
1994). Siepel & Ruiter-Dijkman (1993) included it in the biggest guild 
among oribatids -  herbifungivorous grazers. The species was pre
viously recorded in high numbers on some dumps in Poland. L. 
similis was the dominant species (19% of the total number) on the 
reclaimed old dump at Bytom (Skubała, 1995). Furthermore, it was 
the dominant species on many sites on ash dumps (Bielska 8s 

Paszewska, 1995) and on the reclaimed mine dump at Katowice 
(Żbikowska-Zdun, 1988).

Ońbatula tibialis (Nicolet, 1855) occurred frequently at the old
est site on the mine dump at Makoszowy. Its ecology is uncertain. 
Most authors believe that O. tibialis should be classified to the 
mesohygr group (Rajski, 1968; Schatz, 1983b; Strenzke, 1952). Its 
preference for organic matter is also uncertain (Strenzke, 1952; 
Rajski, 1968). Most authors have classified O. tibialis as 
panphytophagous (Borcard, 1994; Luxton, 1972), although Schatz 
(1983b) reported it as a microphotophage and panphytophage. It is 
the host of Moniezia expansa (Schatz, 1983b). The species belongs 
to the feeding guild of fungivorous grazers (Siepel & Ruiter-Dijkman, 
1993). This means that O. tibialis has chitinase as well as trehalase 
activity. O. tibialis has been observed on post-industrial dumps in 
the past, but in low numbers (Bielska, 1989; Madej & Skubała, 1998; 
Skubała, 1999; Żbikowska-Zdun, 1988). It was found frequently on one 
of the sites on the “new” galena-calamine wastelands at Bukowno 
(Skubała, 1996). Weigmann 8s Kratz (1987) noted that the species 
disappeared at high levels of pollution.

Pergalumna nervosa (Berlese, 1914) was the most abundant 
oribatid at the oldest site on the mine dump at Biskupice, although 
it was absent from the nearby meadow. Some ecological character
istics of the species indicate its ability to colonize technogenic 
ecosystems. Strenzke (1952) observed it as most frequent at sites 
where the litter was slightly developed. Rajski (1968) described P. 
nervosa as eurytopic, although Schatz (1983b) classified it as a forest 
species and a tyrphobiont. Zalewska 8s Rajski (1990) regarded it as 
resistant to large changes in humidity and temperature. Its other 
ecological features are as follows: myrmecophilous, nidicolous and



heliophilous (Schatz, 1983b; Smrź & Stary, 1995). P. nervosa is an 
another intermediate host of cestods (Rajski, 1959). Hitherto, the 
species was very rarely observed on dumps. Skubała (1995) recorded 
P. nervosa on the iron dump at Bytom, but with low abundance. 
It was the most important species on some sites on the “new” galena- 
calamine wastelands (Skubała, 1996).

Protońbates capucinus Berlese, 1908 occurred abundantly only 
at site 3 on the iron dump at Chorzów. It is an euryecious mite 
(Schatz, 1983b). Other known ecological features of P. capucinus are 
as follow: panphytophagous and a species of broad moisture require
ments (euryhygrophilous) (Rajski, 1968; Schatz, 1983b). The only 
known dump where the species recorded as abundant are the 
dolomitic dump at Tarnowskie Góiy (Skubała, 1999) and older sites 
covered with dense vegetation on the “new” galena-calamine waste
lands at Bukowno (Skubała, 1996). The species was recorded as 
absent in other studies on post-industrial dumps.

Punctońbates punctum (C.L. Koch, 1839) prefers older sites with 
shrubs and trees rather than open habitats in the current research. 
Its proportion was higher in nearby forests than in the meadows. 
The abundance of P. punctum  was higher on reclaimed sites on the 
dumps at Brzeszcze than in the adjacent meadow. This observa
tion of the occurrence of the species is not in agreement with the 
opinion that P. punctum  is a meadow and heliophilous oribatid 
(Schatz, 1983b; Seniczak et al., 1996; Zalewska & Rajski, 1990). The 
species feeds on fungi and is able to digest both cell walls and 
contents. It is included in the guild of fungivorous grazers (Siepel 
& Ruiter-D ijkman, 1993). It is another intermediate host of 
anoplocephalids (Schatz, 1983b). P. punctum  was reported as a 
dominant species on dumps of various ages (Babenko, 1980; Bielska, 
1982a, b; Bielska & Paszewska, 1995; Davis, 1963; Skubała, 1995; 
Żbikowska-Zdun, 1988).

Ceratozetes mediocńs Berlese, 1908 was one of the most abun
dant species at all sites on the zinc dump (Fig. 16). It occurred 
only on older sites on the mine dump at Murcki. In the literature 
it is described as a sylvan species (Mahunka, 1983) or a species 
characteristic of open biotopes (Rajski, 1968). The present obser
vations correspond with Rajski’s opinion. C. mediocńs was usu
ally a dominant species on the meadows studied, whereas it oc
curred rarely in or was absent from the forests. Some features of
C. mediocńs indicate the ability of the species to colonize artificial 
biotopes. It is a heliophilous and termophilous species (Schatz, 
1983b). Dindal (1977) noted the considerable environmental insen
sitivity of C. mediocńs. When exposed to DDT application, C. 
mediocńs went from subdominant to dominant. The species was



numerous on some of the mine dumps in Silesia (Bielska 8s 

Paszewska, 1995; Skubała, 1995). It was absent in most studies 
carried out on dumps in Poland and abroad (see Tables 15 and 
16). Hubert (2001) found a considerably high number of C. 
mediocńs in reclaimed sedimentation ponds.

Traditional niche theory predicts that greater biodiversity should 
result in more specialized niches (smaller niche width) and a greater 
degree of resource partitioning (reduced niche overlap) (Giller, 1994). 
Species from the same genus tend to occupy more similar diet niches 
than less closely related animals. Therefore, there must be sufficient 
diversity and abundance of resources to accommodate one member 
from each genus before a second member from any one dietary group 
can be accommodated (Majer, 1989b).

Let’s study some examples of niche partitioning amongst species 
of the same genus and test the hypothesis that the common occur
rence of closely related species is good evidence on improvement in 
the environment. Canonical correspondence analysis was used to 
search for the differentiation of ecological niches of Tectocepheus 
velatus/ Tectocepheus minor and Schelońbates laevigatus/ Sche- 
lońbates latipes (Figs. 36 and 37).

Axis 1 explains almost the whole variance (90.6%) in data for the 
occurrence of Tectocepheus velatus and Tectocepheus minor. The 
eigenvalue of the axis was significant (0.306). The species were 
ordinated on the opposite sides of axis 1 (Fig. 36). Different envi
ronmental variables influence the occurrence of the species. The 
complexity of the habitat has most influence on the occurrence of 
T. minor. The amounts of carbon, nitrogen, zinc and other factors 
influence the occurrence of T. velatus. T. minor never occurred in 
pioneer communities, whereas T. velatus was always present at that 
successional stage. Usually T. minor appears in higher numbers at 
older sites on dumps and in the forests. It was described as a “late” 
successional species in the mine sedimentation tank. T. velatus and 
T. minor are described as similar in environment requirements, 
although these are still not well documented. Both species are 
mesohygrophilous and classified as fragment feeders (Kaneko, 1988a; 
Schatz, 1983b). T. velatus is a ubiquitous species (Schatz, 1983b), 
whereas T. minor seems to prefer wooded areas (Rajski, 1968). 
T. velatus was practically always recorded on dumps, whereas T. 
minor was found only in low numbers on a few dumps (see Tables 
15 and 16).
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Fig. 36. Canonical correspondence analysis (CCA) ordination diagram for Tectocepheus velatus and Tectocepheus minorin relation 
to environmental variables
codes of the environmental variables: Appendix 4
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Fig. 37. Canonical correspondence analysis (CCA) ordination diagram for Scheloribates laevigatus and Scheloribates latipes in
relation to environmental variables
codes of the environmental variables: Appendix 4



The results o f CCA ordination for Schelońbates laemgatus and 
Schelońbates latipes were practically identical as in the case of the 
previous species. S. latipes was ordinated on the right end of axis 
1 and S. laevigatus along the negative part o f the axis (Fig. 37). Axis 
1 explains 100% of the total variance in the data. The eigenvalue 
o f the axis was 0.317. Different environmental variables influence 
the occurrence of the species. Complexity of the habitat has great
est impact on the occurrence o f S. latipes and pH has most influ
ence on the development o f S. laevigatus. Both species are consid
ered as eurytopic mites (Schatz, 1983b). They are abundant orib
atids in meadow soils (Baur et al., 1996; Cernova & Cugunova, 1967; 
Rajski, 1968; W oodring & Cook, 1962). The species are frequently 
reported as acting as intermediate hosts of anoplocephalids (Denegri, 
1993; Rajski, 1959). Moreover, they are very similar in humidity re
quirements (mesohygrophilous) and are myrmecophilous and 
heliophilous oribatids (Schatz, 1983b). According to the literature 
both species belong to different feeding guilds. S. latipes is 
m icrophytophagous (Borcard, 1994; Schatz, 1983b), feeding on 
fungal hyphae and/or bacteria. S. laevigatus is a panphytophagous 
mite (Schatz, 1983b). Siepel & Ruiter-D ijkman (1993) using the pres
ence or absence of three digestive enzymes, classified S. laevigatus 
as a fungivorous grazer (having chitinase and trehalase). Both 
species are known from dumps, but only S. laevigatus has been 
recorded as dominant, e.g. on the chemical dump at Oświęcim 
(Skubała, 1998), on mine dumps (Bielska, 1982a) or on open moun
tain field dumps in Russia (Babenko, 1980).

The differential use of the environment by closely related spe
cies, e.g. Tectocepheus velatus/T. minor and Schelońbates laevigatus/ 
S. latipes is well proven by use of the CCA ordination method. 
Common appearance of species of the same genus is good evidence 
of the successional stage of oribatid communities.

Juvenile forms were identified to species or genus level only in 
a small proportion of the total number of species. Juvenile forms 
characterized by a thick cuticle, e.g. Scutovertex sculptus, Eupelops 
spp., Achipteńa coleoptrata, Tectocepheus velatus, Nothrus spp., 
Trhypochthonius tectorum, usually occurred in high numbers in 
extracted material (Table 34). On the other hand, juveniles char
acterized by a delicate thin cuticle, e.g. representatives of Oppiidae 
or Suctobelbidae, occurred rarely. The proportion of adult and 
juvenile forms in Oppiidae at all study sites is very symptomatic (see 
Table 35). The disproportion between adult and juvenile forms is



T a b l e  34
Abundance (indiv./m2) of juvenile and adult stages o f selected 

“early” and “late” successional species

Species
Site 1 Site 2 Site 3 Meadow/Forest

adult juvenile adult juvenile adult juvenile adult juvenile

Chorzów (C)

Scutovertex sculptus1 528 924 410 194 28 7 252 76
Tectocepheus velatus1 76 69 917 174 3 188 833 3 257 1 086
Eupelops tardus2 7 - - - 903 382 56 15
Liebstadia similis2 7 - 7 - 1 701 556 500 157

Welnowiec W)

Peloptulus phaenotus' 333 118 299 69 847 132 61 25
Tectocepheus velatus1 590 188 2 382 528 1 396 257 2 111 803
Ceratozetes mediocris1 167 63 1 563 333 3 569 625 121 40

Biskupice (B)

Scutovertex sculptus1 1 049 1 924 118 28 - - - -
Tectocepheus velatus1 1 056 7 757 4 208 1 917 639 486 35 76

Makoszowy (M)

Tectocepheus velatus' 2 958 5 104 840 653 1 153 542 28 35
Oribatula tibialis2 - - 7 - 542 42 236 69

Murcki dump (MD)

Tectocepheus velatus1 42 104 236 118 604 111 318 76
Ceratozetes mediocris2 - - 69 76 1 076 208 - -

Murcki tank (MT)

Tectocepheus minor2 - - 7 - 1 292 521 97 125

1 “Early” successional species.
2 “Late” successional species.

very high. Some authors have indicated that the age structure of 
Oppiidae is not clear because of the low extraction efficiency of 
juveniles compared with that of adults (Kaneko , 1988a; R eeves , 1969). 
A low proportion of juveniles in Oppiella nova (~1% of the total 
number) was observed by S eniczak  (1975). The author claimed that 
the extraction apparatus did not extract most of the juvenile of this 
species.

Another problem concerning demographic analyses of oribatid 
populations (e.g. overestimation of adults) is the large difference in 
extraction efficiency generally observed between adults and juveniles. 
M a rs h a ll (1972) estimated an average extraction efficiency of 88% 
for oribatid juveniles, compared with 98% for adults. Nevertheless, 
other authors noted a much higher difference in extraction efficiency 
between juveniles and adults. M acFadyen  (1953) calculated average 
efficiencies of 29 and 79% for respectively juveniles and adults. S0vik 
&  Leinaas (2002) in a recent study recorded extraction efficiencies



Abundance (indiv./m2) of the representatives o f the Oppiidae 
(juveniles and adults) on the study sites

Locality
Site 1 Site 2 Site 3 Meadow/Forest

adult juvenile adult juvenile adult juvenile adult juvenile

Chorzów (C) 174 14 10 653 69 2 764 49 3 247 25

Wełnowiec (W) 153 7 951 21 7 542 76 81 15

Biskupice (B) 174 7 8 611 97 5 278 56 986 14

Makoszowy (M) 299 7 2 840 35 5 563 83 12 410 111

Murcki dump (MD) 243 14 1 090 21 11 410 97 10 212 86

Murcki tank (MT) 257 14 1 208 21 12 938 63 18 278 118

Brzeszcze (BR) 3 521 76 5 785 118 27 431 104 1 125 42

of active mites of Ameronothrus lineatus ranging from 29-36% for 
juvenile instars to 75% in adults. Lower extraction efficiency of 
immature stages is probably a common phenomenon among orib
atid mites. To some extent this may be due to the softer cuticle of 
larvae and nymphs, and the lower mobility of these life stages, 
although the occurrence of the quiescent stage in pre-moult juve
niles is also important (S0vik & Leinaas, 2002). Mites in this stage 
will not be extracted, and according to Luxton (1981b), up to a third 
of their development is spent inactive.

Taking into consideration the above remarks, the characteristics 
of juvenile forms can be discussed only with regard to some of the 
successional genera, e.g. Tectocepheus, Scutovertex, Eupelops, and 
Liebstadia (Table 34), and on a limited scale. It was very charac
teristic that the proportion of juvenile stages of most species was 
highest in the “pioneer” communities, decreasing gradually there
after. For instance the ratio of juveniles to adults of Scutovertex 
sculptus ranged from 1:0.6 (site 1) to 1:4 (site 3) on the iron dump 
at Chorzów. The proportion of juveniles and adults in Tectocepheus 
velatus on the mine dump at Makoszowy changes from 1.7:1 (site 
1) to 1:2.1 (site 3).

Seniczak (1978) indicated that the age structure of Tectocepheus 
velatus is of important diagnostic value. It is a good indicator of the 
soil fertility. A high proportion of juvenile stages and their preva
lence over adults indicates better conditions for the development of 
the species and therefore higher fertility of the soil (Seniczak, 1994). 
With regard to the present research on post-industrial dumps, it 
may be concluded that a proportion of juvenile stages of some 
species, e.g. Tectocepheus, Scutovertex, Peloptulus, Liebstadia, is a 
good indicator of the successional stage of oribatid communities. 
Their proportion is higher on younger sites and decreases on older 
ones.



It is worth mentioning that due to the disproportionate extrac
tion of juvenile and adult stages and an uneven extraction efficiency 
of juvenile forms from different species, our knowledge of oribatid 
communities and their function is far from realistic. This and many 
others problems concerning the limitations and difficulties in eco
logical inquiries of soil mites are discussed in a very inspiring article 
by N ied bała  (2000). Despite the problems mentioned above, the 
author stressed that although juveniles of oribatids constitute 
usually about 30% of the total number, they might participate in 
70% of the total annual metabolism of oribatids. In the present 
study, the proportion of juveniles varied from 9.4% (Makoszowy -  
3) to 76.6% (Biskupice -  1). So our precise knowledge of what is 
going on in oribatid communities on dumps is restricted, at least 
in some cases.

Oribatid larvae and nymphs are more voracious and metabolize 
plant substances faster than adults. Moreover, they are weakly 
sclerotized and more easily attacked by predators. Therefore, the 
juvenile stages are more important in the transmission of matter 
and energy to a higher trophic level (N ied bała , 2000). Until detailed 
keys of juveniles are prepared and improvements in extraction 
methods are established, our ecological studies on soil mites, which 
are primarily based on adults, can only yield approximate results.

For the successful colonization of new territory by a species, two 
conditions are required (S a f r ie l  85 R it te , 198 0 ):

a) that the colonizer is preadapted to the new physical environ
ment,

b) that it can find an ecological niche in the existing biological 
community.

The great adaptive spectrum of mites in general and Oribatida 
in particular has enabled them to colonize the most extreme en
vironments. Recent findings confirm that these animals, like most 
edaphic fauna, are highly sensitive to ecological factors (L e b r u n , 
1981), often occupy precise ecological niches, and subsist in com
petitive relationships (A nd e r s o n , 1978a). Existing data on the re
productive strategy of oribatids seems to situate them close to K- 
strategists. On the other hand, many authors claim that the best 
colonizers are those that adopt r-strategies (B e r n in i, 1990). Never
theless, many successful oribatid species in the colonization of 
post-industrial dumps were selected in the present research, and 
they reached comparatively high abundance after 5-10 years. It 
may be concluded that mites, despite having some features that



do not classify them among good colonizers (if-strategy of repro
duction, sensitivity to ecological factors), are successful enough in 
the colonization of technogenic habitats. Furthermore, substrate/ 
soil on dumps appears to offer a broad selection of ecological niches 
that can be occupied by many oribatid species. It seems worth
while to mention that there are some species that occur in high 
numbers in the surrounding biotopes, but seem unable to colo
nize dumps. A list of these species from several localities is pre
sented in Table 36.

T a b l e  36
List of numerous oribatid species found in the neighbouring biotopes but 

which had not colonized the dumps

Achipteria coleoptrata -  M 
Banksinoma lanceolata -  B 
Ceratozetes gracilis -  MT 
Chamobates voigtsi -  MT 
Conchogneta dalecarlica -  MD 
Lauroppia falcata -  MD, MT 
Protoribates variabilis -  W 
Punctoribates punctum -  MD 
Scutovertex sculptus -  W 
Tectocepheus minor -  MD

Explanation of abbreviations -  see Table 4 and 5.

An important question is “why do so many oribatid species occur 
on dumps?” Why are there so many species that are able to colo
nize “fresh” dumps? W ardle  et al. (1997) suggested three hypoth
eses while discussing the general problem of species richness.

a) The species redundancy hypothesis, which predicts that there 
is considerable “redundancy” and that several species are capable 
of performing each soil system function.

b) The ecosystem rivet hypothesis, in which all species are 
potentially important to ecosystem functioning. All species have a 
distinct ecological role to play and if one species is lost the soil 
system loses some aspect of its function.

c) The idiosyncratic hypothesis, in which diversity changes 
ecosystem function, but not in predictable directions.

D o h e r ty  et al. (2000) add a fourth potential hypothesis: the 
insurance policy hypothesis, that diversity of species aids the 
stability of a system, particularly in the face of unusual, extreme 
events as well as human-induced perturbations. It should be noted 
that there is considerable overlap between the components of each 
hypothesis as they are currently formulated (D o h e r ty  et al., 2000).



Taking into account the occurrence of species in “pioneer” stages 
(the presence of a large set of species on a particular dump) and 
at older sites of technogenic ecosystems, the species redundancy 
hypothesis, suggesting redundancy in a species pool, is most prob
able, although as W alker  (1992) admitted, little is known about the 
degree of functional redundancy in ecosystems in general.



Chapter 9. Ways of migration, 
pool of colonizers

One of the main prerequisites for the successful colonization of 
post-industrial dumps by oribatid mites is effective migration. 
Migration is hard to observe, but it is possible to draw some con
clusions about it from the situation on reclaimed and non-reclaimed 
dumps and in the nearby biotopes. What is the main pool of ori
batid species colonizing dumps?

Figure 38 illustrates the results of the DD2 dispersal index. The 
computed indices of dispersal direction allow an assessment of 
general trends, indicating the most probable direction of migration 
of a majority of species. The possible mite species flows are repre
sented by arrows. The primary colonization of the dumps probably 
occurs in two steps. One step is the import of mites from a nearby 
forest or meadow to a dump. In the second step the species have 
to radiate outwards from an older site to newly created habitats on 
a dump. Analysis of dispersal direction indicated that the most 
probable direction of migration of species was from a nearby for
est/meadow to particular sites on the dump. However, this trend 
was significant (McNemar test, p  < 0.05) between all pairs of sites 
only on the dumps surrounded by forests (Makoszowy, Murcki -  
dump, Murcki -  sedimentation tank). As regards the iron and zinc 
dump, this way of migration was not so obvious. The general trend 
of migration from the meadow to the mine dump at Biskupice was 
not significant (McNemar test, p  < 0.1). In the case of site 2 at 
Biskupice, the opposite way of migration was suggested. This might 
be an additional sign that the natural succession of oribatids on 
this dump was disturbed by some human interaction. A flow of mite 
species from older to younger sites on the dumps was observed. The
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0.084*



Murcki dump
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Fig. 38. Analysis of dispersal direction and values of DD2 index for four pairs of 
study sites at each locality
the asterisk denotes a statistically significant value at the 0.05 probability level (McNemar’s 
test)



results indicate a little stronger association of the faunas on the 
dumps at Chorzów, Welnowiec and Biskupice, which are adjacent 
to meadows than on other dumps surrounded by forest. With re
gard to the reclaimed mine dumps at Brzeszcze, the flow of mite 
species from the meadow to a dump and from older to younger sites 
was practically not observed. The reclamation measures disturbed 
the succession process, and even after 19 years the natural ways 
of migration of oribatids are difficult to recognize.

Some general data and trends on possible oribatid migration are 
also presented in Fig. 39. It might be surprising that only 31% (zinc 
dump) to 66% (sedimentation tank) of species recorded on a par
ticular dump were also noted in the nearby meadow or forest. So, 
usually half or more of the species come from other, more distant, 
biotopes. Many dominant oribatid species on dumps were absent 
in the adjacent biotopes. As regards the mine dump at Biskupice, 
five dominant species (Adoństes poppei, Pergalumna nervosa, 
RamuseUa assimilis, Scutovertex sculptus and Suctobelbella 
subtrigona) were not found in the nearby meadow during the 2-year

Chorzów (C)

Murcki (MD) Makoszowy (M)

Fig. 39. Ways o f migration of oribatids on the dumps (figures are the number of 
species)



sampling period. Only in the case of the zinc dump were all domi
nant species also recorded in the meadow.

To address the question of species turnover along the transect, 
^-diversity indices were computed (Table 37). ^-diversity can be 
defined as the extent of species replacement or biotic change along 
environmental gradients (Whittaker, 1972). According to the ^-di
versity index, the biological length of the gradient was the highest 
on dumps surrounded by forest (Makoszowy, Murcki -  dump). How
ever, ^-diversity was also low at generally young sites in the sedi
mentation tank surrounded by forest. The value of the index was 
also comparatively high on the oldest dump (15 to 50 years) -  the 
zinc dump at Wełnowiec. It was characteristic that the measure of 
the amount of change (^-diversity) was very low on the reclaimed 
mine dumps at Brzeszcze.

T a b l e  37
Values of alfa and beta diversity measure for adjacent plots 

on the study sites (dumps and neighbouring biotopes)

Locality
Chorzów

(C)
Wełnowiec

(W)
Biskupice

(B)
Makoszowy

(M)

Murcki
dump
(MD)

Murcki
tank
(MT)

Brzeszcze
(BR)

Alfa-diversity
Beta-diversity

33.75
1.11

24.25
1.42

43.75
1.12

26.5
1.64

36.25
1.43

39.75
1.11

47.25
0.81

Liss et al. (1986) stress the importance of the species pool of 
potential colonists present in natural habitats in the surroundings 
for arthropod assemblage development. Such a species pool was 
mentioned for Collembola (KovaC 8& MiklisovA, 1997) and Gamasida 
(KovaC et al., 1999). This phenomenon was not so significant in the 
present study. Usually over 50% and even 70% (Wełnowiec) of an 
oribatid community on a dump can be formed from species that have 
migrated from distant biotopes.

Possibly there are many ways of passive or active dispersion of 
oribatid mites over a longer distance, which play a role in a dump’s 
colonization. Oribatid mites undoubtedly are dispersed by wind 
currents from one site to another (Behan-Pelletier 85 Winchester, 
1998; Lindroth et al., 1973; Stary & Block, 1998). Some authors 
discounted wind as important source of dispersal (Hammer, 1965; 
Seyd, 1962, 1979). Bernini (1990) stated that a number of research
ers collected extremely few mites and even fewer oribatids in the 
“aerial plankton”. This is not surprising because with oribatids being 
prevalently edaphic it would be very difficult for the wind to lift them 
up and carry them. Another disadvantage for Oribatida of this type 
of transport is their low resistance to dehydration. The smaller



species and many Oribatida lacking the cerotegument are very 
sensitive to dehydration and live at greater depth in the soil (Bernini, 
1990; Seyd, 1992). However, these disadvantages seem to be impor
tant only when considering wind-borne passive dispersion over long 
distances. Such a transportation scenario was analysed by Bernini 
(1990), Hammer (1965) and Seyd (1962, 1979). The importance of air 
transport during the pioneer period on post-industrial dumps was 
suggested for a large component of the microarthropod fauna by 
Dunger (1989) and Wanner et al. (1998). Emmanuel (quoted in Whelan, 
1978) found that oribatid nymphs were carried by air currents. Air 
current dispersal would influence the size of the species transported 
to a new habitat. Would it be the reason for the low proportion of 
big and heavy sclerotized oribatids found on “fresh” dumps? Such 
a possibility is worthwhile considering. Whelan (1978) claimed that 
this might be directly responsible for the small species of Oribatida 
present in a 2-year ley.

No oribatid mites have developed an obligatory relationship with 
vertebrates or their nests, however, rodents, birds and domestic 
animals are known to pick up and disperse them passively 
(Krivolutsky & Lebedeva, 2002; M iko & Stanko, 1991; Norton, 1980). 
The principal group of animals that transport oribatids are birds 
(Bernini, 1990). Krivolutsky & Lebedeva (2002) recorded very high 
numbers of individuals of oribatid species amongst bird feathers.

Norton (1980) surveyed phoresy in oribatid mites and reported 
that some adults of the genera Mesoplophora, Paraleius, Metaleius, 
Oppia, Euscheloribates and Tectocepheus are phoretic on Coleoptera, 
especially passalids, as well as Metaleius on Diptera and 
Mesoplophora on Dictyoptera. Many of the phoretic oribatids are 
endophagous, feeding on wood at particular stages of decay. Their 
phoretic associations are primarily with wood-burrowing insect 
species. That is why phoresy is rather unlikely to be an important 
source of the oribatids found on dumps.

Holzapfel & Harrell (1968) claimed that man is the primary 
means of dispersal of many organisms. Few data are available to 
indicate passive transport by man, but existing observations, e.g. 
made by Hammer (1969) indicate the enormous role of human ac
tivity. So human intervention should always be seriously consid
ered when discussing the introduction of oribatids on dumps.

Another possibility for the colonization of dumps by oribatids is 
their active dispersal through random movement. According to Ojala 
& Huhta (2001) populations of many mite species can cover a dis
tance of 30 metres in 30 years. Large edaphic oribatid species 
indicate displacements of a few centimetres per day (Berthet, 1964b). 
In fact, oribatids appear to migrate so slowly that land dispersal



could not explain their occurrence on the dumps, at least not from 
more distant biotopes.

Many oribatid species of different morphological and ecological 
characteristics occurred on dumps. It seems that there are many 
possibilities for oribatids to invade dumps. All or at least some 
dispersal modes are successful enough. This leads to the conclu
sion that reclamation of dumps is a useless effort, at least on the 
grounds of the development of oribatid fauna.

According to Neumann (1971) soil fauna hardly migrate into a site 
(brown-coal mining areas) if it is too far away from one originally 
inhabited. This remark may be applicable to representatives of 
macrofauna, e.g. millipedes or woodlice (studied by Neumann), but 
not to mites. Neumann (1971) proposed introducing the animals with 
the soil into a new site. The imported soil will start a new popu
lation, which might later spread throughout the new site. It is worth 
mentioning that nowadays botanists or plant ecologists focus on the 
management of post-industrial wastelands by the use of natural 
processes, which can be accelerated by man on the basis of local 
gene resources (Tokarska-Guzik & Rostański, 2001). This leads to more 
stable and interesting plant associations and is good evidence of the 
self-regulation of biocenoses (Rostański, 1991). With regard to soil 
animals, Glück (1989) and W olf (1985) observed no clear beneficial 
effects of the experimental application of (faunated) woodland top- 
soil and litter. In some cases the introduction of suitable species 
of earthworms succeeded in accelerating soil biological processes, 
especially in stabilizing aggregates and increasing soil microbial 
biomass (Scullion & Malik, 2000). Such effects have also been shown 
at dumps without inoculation by earthworms or other components 
of the soil fauna, and can even be demonstrated under the ham
pering influence of pyrite substrates (Dunger et al., 2001; Keplin et 
al., 1999). Dunger et al. (2001) also revealed equivalent development 
of soil biological processes at non-reclaimed mine sites, compared 
with reclaimed ones.



Chapter io. Oribatid mites in assemblages 
of mesofauna

Oribatids are known to predominate over other groups of mites 
and mesofauna in most soils and especially in forest soils. On the 
other hand, slow colonization of different sites by oribatid mite species 
has been observed by various authors (e.g. Beckmann, 1988; Dunger, 
1968; Karg, 1967). This was ascribed to the low mobility of these 
animals (Weigmann, 1982) and their low reproduction rate (Lebrun & 
van Straalen, 1995). Do oribatids also dominate on post-industrial 
dumps? When do they start to prevail over other representatives of 
microarthropods in these disturbed habitats? In this study oribatids 
are compared with Gamasida, Actinedida and Acaridida (other Ac
ari), and Collembola (Fig. 40 a-g).

Oribatids do not predominate in most of the studied pioneer 
communities on non-reclaimed dumps (Chorzów, Wełnowiec, 
Makoszowy, Murcki -  dump). Representatives of Actinedida and 
Acaridida prevailed over oribatids on these dumps. Collembola also 
attained higher abundances than oribatids on some of these dumps, 
e.g. at Chorzów and Murcki. Oribatids were the dominant group 
among mesofauna at the pioneer stage of succession on two non
reclaimed dumps, namely at Biskupice and Murcki (sedimentation 
tank). After fewer than 10 years of development of oribatid fauna 
on the mine dump at Biskupice, oribatids attained very high abun
dance (12 695 m'2). The abundance of Gamasida (452 m'2), Acti
nedida and Acaridida (3326 m'2) and even Collembola (1077 m'2) 
was much smaller. The abundance of other Acari was slightly lower 
(521 m"2) than Oribatida in the sedimentation tank at Murcki, 
whereas the abundance of Oribatida and Collembola was the same. 
The proportion of Oribatida in the mite communities in the pioneer



populations varied from 22% at Wełnowiec to 77% at Biskupice. It 
was characteristic that the abundance of gamasid mites was lowest 
from all the analysed groups, significantly lower than the abundance 
of oribatids in all pioneer assemblages.

As regards older sites on the dumps, oribatid mites usually 
significantly prevailed over other mites and springtails. However, 
Actinedida and Acaridida predominated at site 2 on the zinc dump 
and on the mine dumps at Murcki and Makoszowy. Collembola were 
less abundant than oribatids at sites 2 and 3 in all cases. The 
proportion of Oribatida at sites with pre-forest vegetation (site 3) 
fluctuated from 54.6% at Makoszowy to 70.8% at Biskupice. The 
situation on the reclaimed mine dump at Brzeszcze, where some 
trees were planted in holes with soil added, was totally different. 
Oribatid mites were the dominant group at all sites. Their abun
dance was nine times higher than the abundance of Gamasida and 
five times higher than the abundance of Actinedida and Acaridida 
at site 1. As regards the site reclaimed 19 years ago (site 3), ori
batids were even twenty four times more numerous than Gamasida 
and thirteen times more than springtails.

Most authors agree that oribatids are slow colonizers and that other 
groups of mesofauna prevail over them during succession for many 
years. The examples that consider post-industrial dumps of various 
kinds are grouped in Tables 38 and 39. Davis (1963) found all the main 
groups of mites and springtails to be well-established in non-reclaimed, 
heavy clay spoil from ironstone workings in Northamptonshire (UK). 
The predatoxy Gamasida were particularly diverse and abundant (51.4% 
of the total mite number). On the reclaimed ironstone workings, 
the abundance of Oribatida (5 474 m'2) was higher than Gamasida 
(4 760 m“2). And the abundance of Collembola was a little lower than 
the abundance of Acari on both sites. Oribatid mites were relatively 
important during the first stages of soil formation on reclaimed brown- 
coal spoil heaps in Germany (Dunger, 1968). The abundance of ori
batids at sites reclaimed for only 3 years exceeded 50 000 per square 
metre. The second numerous group of mites were Actinedida. The 
abundance of springtails was lower than mites at all sites. Hermosilla 
(1976), Hutson (1972, 1980a) and Hutson & Luff (1978) observed 
actinedid and acaridid mites as pioneer animals on reclaimed plots on 
mining areas. The abundance of springtails was also usually lower than 
the abundance of mites.

Colonization of rehabilitated dumps by oribatids accelerates once 
vegetative cover has developed (Hutson, 1980a). On the other hand, 
Luxton (1982) found that the mite fauna of coal shale in Lancashire, 
UK (3-4 years old) was dominated by two species of Oribatida. The 
proportion of oribatids varied from 52.7% to 82.9% in Welch Whittle
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Age 
(in years)

Abundance (indiv./m 2) or proportion  (%) in  total Acari num ber

Type o f  a dump
Oribatida Gam asida

Actinedida Acarid ida 
other Acari

Acari Collem bola
References

L e v e le d  ir o n s to n e  q u a r r y 1 771 3 958 1 455 516 7 700 6 800 D avis, 1963
R e c la im e d  ir o n s to n e 5 474 4 760 833 833 11 900 7 100

w o rk in g s

R e c la im e d  b r o w n -c o a l s p o il 1 11 894 912 6 194 19 000 2 900 D ung er ,

h e a p s 3 50 033 6 067 18 800 74 900 39 700 1968
7 7 902 2 904 6 794 17 600 16 000
10 6 198 1 308 5 194 12 700 8 800

R e c la im e d  p it  h ea p , s h a le v e r y  lo w 400 1 100 H u tso n ,

1972
R e c la im e d  p it  h ea p , w ith v e ry  lo w 600 1 600

to p s o il

L e a d  m in e  s p o il  h e a p s v e r y  lo w 28 400 22 500 W illiam son  

&  Evans, 

1973

R e c la im e d  b ro w n -c o a l 1 m o n th 0 1.9% 23.1% 75.0% H ermosłla,

m in in g  s ite s 1 0 16,5% 60.0% 23.5% 1976
3 7.6% 7.6% 38.2% 46.6%

5, 8, 10 and 6.6% 6.9% 41.1% 45.3%
12 (m ea n )

C o a l s h a le  p it -h e a p s 1-2 < 580 
(le s s  th a n  

1%)

lo w 73-91% 20% to 58 000 to 53 600 H utson  &  

L u f f ,  1978

D u m p s  o f  o p e n  r o c k  m in e s 4 3 520 8 760 5 460 B ab e n ko ,

( fo r e s t  r e s to ra t io n ) 8
11

7

1 000 
31 000 
15 840

3 080 
34 360 
33 320

8 560 
20 920 
12 360

1980
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12 22 560 31 120 9 100
25 21 800 24 720 10 000

Refuse tips very low < 40% >60% 4 400- 7 600- Brockmann

72 800 70 000 et al., 1980
Reclaimed coal pit heaps 0 0 442 40 369 14 489 55 300 2 900 Hutson,

3 months 302 605 32 886 4 007 37 800 53 600 1980a
18 months 176 706 41 219 16 699 58 800 11 200
18 months 107 694 21 787 4 112 26 700 28 500

Coal-shale tips 3-4 Luxton, 1982
-  Welch Whittle 5 800- 800-2 600 2 600- 0-100 11 000-

50 900 14 100 614 000
-  Pennington Flash 1 1 DO- 900-6 600 600-8 500 0-100 8 300-

62 000 71 600
Brown coal dumps 1 month 73-182 133-1 155 Stebaeva &

7 901-4 427 15 634- Andrievskii,
50 653 1997

25 9 724- 15 128-
28 873 55 040

Abandoned pyrite proces Hubert,
sing sedim entation ponds 2001
-  non-reclaim ed 0-4 015 to 450 to 165 to 74 to 4 704
-  reclaimed 2 257- to 213 to 2 132 0 to 17 647

15 302
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Age 
(in years)

Abundance (indiv./m2) or proportion (%) in total Acari number

Type of a dump
Oribatida Gamasida

Actinedida Acaridida 
other Acari Acari Collembola

References

Iron metallurgic dumps 
(Bytom)
-  non-reclaimed
-  reclaimed
-  reclaimed

5
30
40

15 167 
15 779 
25 611

3 636 
3 269 
3 375

10 751 
15 814 
25 796

29 566 
34 342 
54 783

S ku b ała ,

1995

Abandoned old galena- 
calamine wastelands

>100 (pine)

> 100 
(beech)

51 792 

29 378

4 814

5 022

M ad ej  &  

S ku b ała , 

1996

Abandoned galena- 
calamine wastelands

> 150 23 578 3 378 S kubała  &  

M ad ej, 1997

Abandoned galena- 
calamine wastelands
-  afforested
-  unforested

> 50
> 50

9 318 
5 674

2 777 
4 711

M adej  &  

S ku b ała , 

1998

Dumps o f the zinc and lead 
industry
-  reedy area
-  afforested
-  unforested

~6 
> 20 
> 20

13 384 
6 911 
633

1 707 
4 939
2 744

35 767 
15 600 
11 883

50 858 
27 450 
15 260

2 874 
13 389 
10 050

S kubała  

et al., 1998

Dolomitic dump
-  bottom
-  top

> 30
> 30

14 241
8 296

10 555 
6 593

S k u b ała ,

1999



and from 13.3 to 88.1% in Pennington Flash. Colonization of brown 
coal dumps investigated by Stebaeva & Andrievskii (1997) proceeded 
faster by springtails than by oribatid mites. Springtails prevailed over 
oribatids in the initial (1 month) and middle stages (7 years) of group 
formation. At the late succession stages (25 years), the rates of dump 
colonization by the two groups became identical due to the increas
ing rate of group formation in oribatids. On the other hand, Hubert 
(2001) observed that the colonization of abandoned pyrite process
ing sedimentation ponds proceeded faster by oribatids than by other 
mites. Oribatids accounted for 85.3% and 86.7% in non-reclaimed 
and reclaimed ponds, respectively. The proportions of oribatids, 
actinedid and acaridid mites were similar at old (30 and 40 years) 
reclaimed iron dumps at Bytom (Skubała, 1995). On toxic dumps 
from the zinc and lead industry in Silesia the abundance of orib
atids was considerable lower than the abundance of Actinedida and 
Acaridida (Skubała et al., 1998). Gamasid mites were usually the least 
numerous groups on these dumps.

With regard to other biotopes, the shift in taxonomic composi
tion of the microarthropod communities along the succession gra
dient follows a pattern suggested by Kethley (1990), Santos et al. 
(1978), Steinberger et al. (1990) and Wood (1971). They observed mite 
communities of nutrient poor areas that were dominated by 
Prostigmata. The Oribatida and Collembola dominated the 
zoocommunities in the more eutrophic soils. Similarly Janetschek 
(1970) and Loots 8s Ryke (1967) found Prostigmata more abundant 
in soils with low rather than high organic matter content. Further
more, Bolger (1985) and Takeda (1988) claimed that oribatid mites 
are later colonizers than collembolan species in the decomposition 
phases. Seniczak et al. (1998) observed that Gamasida colonized cul
tivated fields more quickly than Oribatida. The high proportion of 
Gamasida in mite communities indicates the field character of mite 
fauna (Seniczak et al., 1991). A change in the taxonomic composi
tion of microarthropod communities is also recognized with increas
ing air pollution. Strojan (1978) noted that oribatid mites comprised 
53% of all mites in the control site, whereas they attained only 40% 
at the site situated 6 km from the zinc smelter and 20% of all mites 
at about 1 km from the smelter.

The indication of slow colonization of new habitats by oribatid mites 
is not totally supported from results of research carried out on several 
different non-reclaimed and reclaimed dumps. Oribatids became a 
dominant group among the mesofauna after 15 years on areas cov
ered with herbaceous vegetation of varied density. In certain circum
stances they even predominated after less than 10 years at sites covered 
with initial plant assemblages (e.g. the mine dump at Biskupice).



Chapter u .  Succession theories
applicable to oribatids 
on dumps

In contrast with plants, little is known of changes in animal 
species, particularly soil arthropods, during succession (see chap
ter 2.2). The problem of whether changes in the soil animal com
munity can be explained by similar mechanisms of succession to 
those proposed for plants (and sessile marine organisms) is still not 
resolved (S c h e u  8s S c h u l z , 1996).

The changes in abundance, number of species and species di
versity along transects on the dumps and in the nearby biotopes 
were discussed in the chapter “Formation of oribatid communities 
-  rate of development” (Tables 17 and 18). The first two variables 
showed considerable increase with the age of the dumps. An excep
tion was the mine dump at Biskupice. The number of individuals 
and species were highest at site 2. As mentioned previously, this 
was possibly due to reclamation measures or simply to the dump
ing of imported soil carried out at this site. A fall and rise pattern 
was noted with regard to the abundance of oribatids on the mine 
dump at Makoszowy and for species richness in the sedimentation 
tank. The oribatid fauna in adjacent biotopes is richer where a forest 
surrounds the dump. If a meadow is adjacent to a dump the ori
batid fauna is better developed on the dump, at least at the oldest 
sites. With regard to species diversity, the patterns of change are 
very variable during primary or secondary (Brzeszcze) succession. 
The fall pattern was noted on three mine dumps, wheras the fall 
and rise pattern was noted on both metallurgic dumps (Chorzów 
and Wełnowiec). The species diversity on the mine dump at Biskupice 
was highest at site 2. However, as mentioned before, it might be the



result of human interference. A slight constant increase in species 
diversity was noted only on the mine dump at Makoszowy.

First, the fauna should be considered at the individual species 
level to see which of the succession pathways most accurately 
describes the colonization. Whichever pathway of succession is 
followed, animals must first initially colonize the area. The rate at 
which species colonization takes place depends both on the nature 
of the degraded area as well as on characteristics of the species 
themselves (Majer, 1989b). Since a dump differs in its physical, 
chemical and botanical structure from that of a neighbouring 
habitat, it may function as an ecological “island”. There is consid
erable evidence from the reclamation literature that the degree of 
isolation influences the number of species occurring in an area 
(Majer, 1989b). This was not shown in the present research on the 
dumps. Oribatids are thought to be introduced easily on dumps 
during the pioneer period. This was mentioned previously in the 
chapter “Ways of migration, pool of colonizers” and also suggested 
by Dunger (1989). Some species are more successful than others in 
invading dumps. This has been discussed in the literature on 
colonization by fauna on reclaimed land (Majer, 1989b) and has also 
been well demonstrated in the present investigations. However, 
Majer’s (1989b) second observation that early colonizers are the same 
species on all reclaimed sites was not confirmed. In addition to 
Oppiella nova and Tectocepheus velatus, many different species are 
able to colonize “fresh” dumps.

As regards soil fauna on post-industrial wastelands, there is not 
much evidence of the initial floristic composition pathway being 
followed. The species composition of the three successional stages 
on the dumps is different. Species of the pioneer populations have 
special characteristics. Different starting points for the chronic 
disturbance pathway have also not been observed on post-indus
trial dumps. Many abundant oribatid species were found in the 
neighbouring biotopes, which were unable to invade the dump area. 
The degraded area became colonized most probably by a suite of 
species consistent with the facilitation, tolerance or inhibition 
pathways (Majer, 1989b). The facilitation model was conceived to 
describe the succession of plant communities. Numerous positive 
relationships between vegetation and mites (discussed in the chap
ter “Driving factors and the formation of oribatid communities”) allow 
us to suspect plant facilitation of mite invasions. Furthermore, soil 
arthropods themselves may alter the environment so as to cause 
changes in the composition of communities. Usher et al. (1982) 
thought it unlikely that this could be a strong enough mechanism 
to be totally responsible for observed changes in the soil arthropod



communities. On the other hand, Scheu & Schulz (1996) claimed 
that oribatid mites might contribute to an increase in heterogeneity 
and therefore to an increase in species numbers, by their feeding 
activity. This may work as a self-augmenting process that may 
continue as long as resources are not limiting, and before compe
tition arises as a structuring element of the community (Scheu & 
Schulz, 1996). The changes in oribatid communities on several of 
the dumps studied (Chorzów, Wełnowiec, Murcki -  dump and 
Brzeszcze) may fit the facilitation model.

Brenner et al. (1982) claimed that in addition to the major influ
ence of plant community composition, inter- and intraspecific inter
actions between animals may also direct the nature of the succes
sion. In other words the tolerance or inhibition pathways may also 
contribute to the process of animal succession in degraded land 
(Majer, 1989b). Could these theories be applicable to soil oribatids 
occurring on dumps? An increase in the number of oribatid mite 
species on the oldest site (with pre-forest vegetation) is in contrast 
with inhibition models of succession indicating that interspecific 
competition among oribatid mite species (as well as among oribatid 
mites and other species) is of little importance. Maximum abundance, 
the highest number of species and diversity of oribatids at the in
termediate stage (site 2) on the mine dump at Biskupice, appear to 
be in agreement with the inhibition model of succession which as
sumes that some species are removed by intense competition at later 
stages when environmental conditions are more stable (Connell & 
Slatyer, 1977; Horn, 1974). However, this situation seems to have been 
caused by human intervention at site 2, rather than by the phenom
enon described above. Surprisingly high abundance, species richness 
and some other zoocenotic characteristics of the oribatid community 
at site 2 at Biskupice lead us to suspect that some reclamation 
measures must have been carried out in this area.

Species diversity is assumed to be at a maximum in pre-climax 
stages (Connell, 1978; Horn, 1974). Intermediate stages of succes
sion are likely to be mixtures of early and late successional species, 
and hence to have a higher diversity than either early or late stages. 
Such a situation was observed only on the mine dump at Biskupice. 
At other sites different patterns of species diversity were seen. It may 
be assumed that species diversity is an unreliable factor from which 
to draw conclusions about successional pathways of oribatid fauna.

Changes in the oribatid mite communities investigated on post
industrial dumps in this study could not be explained in a straight
forward way by any of the succession theories (facilitation, inhibi
tion or tolerance). However, the facilitation pathway seems the one 
best suited to most situations observed on the dumps.



Chapter 12. Biodiversity of oribatid 
fauna on dumps 
and in nearby biotopes

Biodiversity is not only the diversity at species level, but also at 
the higher taxa and community levels, and goes “from genes to 
ecosystems” (Convention on Biological Diversity; Wilson, 1992). In 
terms of ecological systems its meaning and measurement cannot 
be reduced only to an estimate of the richness of system compo
nents, as indicated by the number of species, but should also be 
extended to estimates of species abundance, spatial distribution and 
hierarchical position, among other characteristics (Cancela da Fonseca
& Sarkar, 1996). In this chapter the diversity of species is discussed 
in its narrow meaning. Oribatid diversity is high compared with other 
groups of soil microarthropods such as Gamasida, Actinedida, 
Acaridida or Collembola (Wallwork, 1983). Some botanists and plant 
ecologists emphasize the fact that ironically the poor quality of the 
substrates forming industrial waste tips often renders them pecu
liarly suitable for the spontaneous development of unusual vegeta
tion and the survival of uncommon species (Box, 1993; Cohn et al., 
2001; Greenwood & Gemmell, 1978; Jefferson, 1984; Trueman et al., 
2001). Does this situation also occur on post-industrial dumps, with 
regard to oribatid mites? Does the oribatid fauna of artificially 
created biotopes, e.g. dumps, contain interesting, rare and/or valu
able (from scientific point of view) species?

In the course of investigations carried out on seven post-indus
trial dumps and nearby biotopes, 172 oribatid species were collected 
(Appendix 6 -  CD-ROM). Taking into account that some 500 ori
batid sipecies are recorded in Catalogus faunae Poloniae (Olszanowski 
et al., 1996) and several tens of species have been described sub



sequently, we can estimate that the oribatid mites at these seven 
localities constituted over 30% of the total known Polish oribatid 
fauna. As regards oribatids recorded in the Upper Silesian Region 
(excluding the mine dump at Brzeszcze), we can estimate that 
oribatids (162 species) at the six localities represent over 69% of the 
total number of known oribatid species in this region (234 species). 
The difference between these two figures is probably the result of 
disproportional studies on mites in the natural and artificial biotopes 
in Upper Silesia. Fifty-six reserves of different kinds are present in 
the region. Acarological researches have been conducted only in five 
natural reserves (Skubała & Bielska, 2000).

It is worth mentioning that in the course of the research on the 
dumps in the seven localities, 8 species and 1 subspecies new to 
the Polish fauna were noted. Furthermore, 37 oribatid species and 
2 subspecies were new for the Upper Silesian Region. Some of the 
species new for the Polish fauna or for Upper Silesia were described 
earlier (see Table 40).

T a b l e  40
List of the new species for the Polish fauna and the Upper Silesian Region

1. Banksinoma lanceolata canadensis F ujikaw a , 1979 *** [S k u b ała , 2002c -  Murcki 
tank]

2. Belba paracorynopus B .-Z .,  1962 *** [S ku b ała , 2002c -  Murcki tank]
3. Berniniella rafalskii (O płotna  et Ra js k i, 1983) [S k u b ała , 1995 -  Chorzów]
4. Berniniella sigma conjuncta (S tr e n zk e , 1951)
5. Brachychochthonius cńcoides (W e is- F o g h , 1948) [S ku b ała , 1995 -  Chorzów]
6. Brachychthonius bimaculatus W illm an n , 1936
7. Camisia biurus (C.L. K o c h , 1839)
8. Cepheus grandis S itn iko va , 1975 [S ku b ała , 2002c -  Murcki tank]
9. Ceratozetes mediocris B er le se , 1908 [S ku b ała , 1995 -  Chorzów] (Fig. 16)

10. Ceratozetes bulanovae K u lie w , 1962 *** (Fig. 41)
11. Ceratozetes sp. *** (Fig. 42)
12. Cultroribula lata A oki, 1961 *** (Fig. 43)
13. Damaeobelba minutissima (S elln ic k , 1920)
14. Discoppia cylindrica (P£ rez - In ig o , 1964) [S ku b ała , 2002c -  Murcki tank]
15. Entomotritiapiffli M ä r k e l , 1964
16. Epidamaeus tatricus (K u lczyń sk i, 1902)
17. Euphthiracarus reticulatus (B er le se , 1913) (Fig. 45)
18. Galumna tarsipennata O ud em ans , 1913
19. Graptoppia (Stenoppia) italica B ern in i, 1973 *** [S ku bała , 2002a -  Murcki dump]
20. Heminothrus thori (B e r le se , 1904)
21. Hypochthonius luteus O u d em an s , 1917 [S ku b ała , 1995 -  Chorzów]
22. Hypodamaeus interlamellaris (W illmann, 1931)***
23. Hypodamaeus tenuitibialis B ulanova-Z ach vatk ina , 1957 ***
24. Lasiobelba sp.
25. Liochthonius piluliferus (F o r sslu n d , 1942) [S k u b ała , 2002a -  Murcki dump]
26. Malaconothrus punctulatus van  d er  H a m m e n , 1952



27. Melanozetes meridianus Sellnick, 1928
28. Metabelba rohdendorfiB.-Z., 1965
29. Micreremus brevipes (M ic h ae l , 1888)
30. Moritzoppia unicarinata (Paoli, 1908)
31. Ophidiotrichus vindobonensis P iffl, 1961 [Skubała, 2002c -  Murcki tank]
32. Phthiracarus ferrugineus (C.L. K och , 1841)
33. Pilogalumna allifera (O u d em ans , 1919)
34. Protoribates capucinus Berlese, 1908 [Skubała, 1995 -  Chorzów)
35. Quadroppiapaolii W oas, 1986 [Skubała, 2002c -  Murcki tank] (Fig. 46)
36. Quadroppia quadricarinata maritalis Lions, 1982 [Skubała, 1995 -  Chorzów]
37. Quadroppia quadricarinata virginalis L ions, 1982 [Skubała, 1995 -  Chorzów]
38. Ramusella (Insculptoppia) insculptum (Paoli, 1908)
39. Ramusella (Rectoppia) fasciata (Paoli, 1908) [Skubała, 2002a -  Murcki dump]
40. Rhysotritia ardua (C.L. K o c h , 1841) [Skubała, 1995 -  Chorzów]
41. Spatiodamaeus tecticola (M ic h a e l , 1888) (Fig. 47)
42. Suctobelbella cornigera (Berlese, 1902) [Skubała, 1998 -  Katowice]
43. Suctobelbella duplex (Strenzke, 1951) [Skubała, 2002a -  Murcki dump]
44. Suctobelbella messneri M oritz, 1971 [Skubała, 1995 -  Chorzów] (Fig. 48)
45. Suctobelbella sarekensis (Forsslund, 1941) [Skubała, 1995 -  Chorzów]
46. Suctobelbila tuberculata A o k i, 1970 *** (Fig. 44)
47. Synchthonius elegans Forsslund, 1957
48. Trhypochthonius tectorum (Berlese, 1896) [Skubała, 1995 -  Chorzów]
The species marked with asterisks (***) are recorded for the first time in Poland.

Remarks on selected oribatid species 
(subspecies) new for the Polish fauna 
and for Upper Silesia

Banksinoma lanceolata canadensis Fujikawa, 1979

This species was mainly found on the meadows (Chorzów, 
Biskupice and Brzeszcze). Single specimens were collected in the 
sedimentation tank (sites 1 and 3). This subspecies is named after 
its place of origin -  Canada. It is closely related to B. lanceolata 
islandica and differs from this subspecies by its smooth prodorsum 
between costulae and its smooth notogastral setae (Fujikawa, 1979). 
Information on ecology and geographical distribution is available only 
for the main species. B. lanceolata is a common oribatid of 
holoholartic distribution. However, ecological characteristics of the 
species (eurytopic, panphytophagous, polimezohygrophilous) allow 
it to colonize different habitats (Rajski, 1968; Schatz, 1983b). 
B. lanceolata belongs to a group unable to colonize post-industrial 
dumps.



Belba paracorynopus Bulanova-Zachvatkina, 1962

Most specimens of Belba paracorynopus were collected from the 
forest at Murcki (MD F -  27 individuals, MT F -  9 individuals). It 
was also found on the meadow at Chorzów and on the dump at 
Biskupice, but its occurrence was incidental there (1-2 individuals). 
The species was described by Bulanova-Zachvatkina (1962) from the 
Far East in forests and hitherto, it had been found in that region. 
The occurrence of the species in the present investigation confirmed 
its preference for a forest habitat.

Ceratozetes bulanovae Kuliew, 1962 (Fig. 41)

This species occurred only at Makoszowy. It was quite numer
ous among pioneer populations (25 individuals, 4.1% of the total 
number). Additionally, one specimen was collected at site 2. The 
species is comparatively easy to recognized by its long and narrow 
cuspis without teeth. Hitherto, Ceratozetes bulanovae has only been 
found in Russia (Karppinen et al., 1986), the Caucasus and Crimea 
(Karppinen et al., 1987) and the Ukraine (Karppinen et al., 1992).

Ceratozetes sp. (Fig. 42)

Only single specimens of this species were found at site 2 on the 
zinc dump at Welnowiec. One specimen was collected at the same 
site in 1991/1992. The systematic position of the oribatid is un
certain. The specimens are characterized by a medium fused lamella, 
which ends with one long seta. The lamellas cover half of the 
prodorsum. Taking into account the extremely high doses of heavy 
metals at the site, it is possible that the morphological character
istics of these specimens are an effect of mutation.

Cultrońbula lata Aoki, 1961 (Fig. 43)

Cultrońbula lata was found at four sites on the dumps. It was 
abundant only at site 3 on the zinc dump at Welnowiec (74 speci
mens). It also occurred at site 2 at Welnowiec (1 individual), 
Chorzów (site 3 - 1  individual) and Biskupice (site 2 - 6  individu
als). The species is known from the East. It has been recorded from 
Japan, New Zealand (Aoki, 1970), Siberia and the Far East 
(Golosova et al., 1983) and the Altai Mountains (Karppinen et al., 
1986). The farthest finding in the West was in the Ukraine (Karppinen 
et al., 1992). No information on the ecology of the species is
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F ig .  4 1 .  Ceratozetes bulanovae K u lie w , 1962 -  a new species for the Polish fauna from 
the coal-mine dump at Zabrze Makoszowy



Fig. 42. Ceratozetes sp. -  an undescribed species with fused lamellas, from the highly 
contaminated zinc dump at Katowice Welnowiec
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F ig .  4 3 .  Cultrońbula lata A o k i, 1961 -  a species known from the East, abundantly 
recorded on the contaminated dump at Katowice Welnowiec
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F ig .  4 4 .  Suctobelbila tuberculata A o k i, 1970 -  a new species for the Polish fauna, the 
genus has not been recorded in Poland so far



300pm
Fig. 45. Euphthiracarus reticulatus (B e r l e s e , 1913) -  a species from the mine dump at 
Zabrze Makoszowy and the forest at Katowice Murcki; the second reported finding 
in Poland



F ig .  4 6 .  Quadroppia paoliiWoAS, 1986 -  an oribatid mite from the sedimentation tank; 
a new species for Upper Silesia
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Fig. 47. Spatiodamaeus tecticola (M ic h a e l , 1888) covered with mycelium -  an European 
oribatid species recorded only twice in Poland (1902, 1956)



Fig. 48. Suctobelbella messneri M o r itz , 1971 -  a mid-European oribatid species



available. Kaneko (1988b) recognized C. lata as a microphytophage 
and a fragment feeder.

Graptoppia (Stenoppia) italica Bernini, 1973

The species has been recorded at seven sites on the dumps (see 
Appendix 6) and on the meadow at Brzeszcze. Other individuals were 
found only at Biskupice (site 2 - 1 5  individuals) and at Chorzów 
(site 2 - 1 0  individuals). Hitherto, the species has been recorded from 
southern Europe (Subias & Balogh, 1989). There is lack of informa
tion on the ecology of the species.

Hypodamaeus interlamellaris (Willmann, 1931)

One individual of H. interlamellaris was found in the forest at 
Murcki. The species was known from Western Europe (Ghilarov & 
Krivolutsky, 1975); however, it has recently been collected in the 
Ukraine (Karppinen et al., 1992).

Hypodamaeus tenuitibialis Bulanova-Zachvatkina, 1957

One individual of the species was found at site 1 on the reclaimed 
mine dump at Brzeszcze. The species has been recorded in South
ern Sakhalin, Primorsky kray and Khabarovsk in the Far East 
(Golosova et al., 1983) and in Kirgisia (Ghilarov 8s Krivolutsky, 1975).

Suctobelbila tuberculata Aoki, 1970 (Fig. 44)

The species was collected on the mine dump at Biskupice. Fifty- 
two specimens were found at site 2 and only single individuals at 
the other sites. The genus has not been recorded in Poland and 
possibly not in Europe so far. Representatives of the genus are 
known from the USA and from all tropical regions (Balogh, 1972; 
Ghilarov 8s Krivolutsky, 1975). The only species from the Palaearctic 
Region is S. tuberculata described from the Islands of Thushima 
(Japan) (Aoki, 1970).

Euphthiracarus reticulatus (Berlese, 1913) (Fig. 45)

Twelve specimens were collected at site 3 on the mine dump at 
Makoszowy and two individuals from the forest at Murcki. The 
species was recently found for the first time in Poland. It was



collected in the Bieszczady Mountains at 600-700 m a.s.l. (Melamud, 
1999). It has been collected in Siberia (Golosova et al., 1983), the 
Caucasus and Crimea (Karppinen et al., 1987), and in the Ukraine 
(Karppinen et al., 1992). The preference for forest habitat (Schatz, 
1983b) is confirmed from the present study.

Suctobelbella duplex (Strenzke, 1951)

Twenty-two individuals of S. duplex have been collected from the 
forest adjacent to the mine dump at Murcki. The species has been 
found previously only once in Poland in the Bieszczady National Park 
(Melamud, 1999). S. duplex has been recorded hitherto in the east 
of Poland, in Siberia (Golosova et al., 1983), the Caucasus (Karppinen 
et al., 1987), the European part of Russia (Karppinen & Krivolutsky, 
1982), and in the Ukraine (Karppinen et al., 1992). The preference 
for forest habitat is confirmed from the present study.



Chapter 13. Conclusions

In a short transect on post-industrial dumps (from a site with 
initial vegetation to a site with pre-forest assemblage) oribatid mite 
populations and community organization exhibited sharp changes. 
Three successional stages of oribatid development on post-indus- 
trial dumps can be demonstrated. The boundaries between the 
oribatid communities of the “pioneer”, “meadow” and “forest-like” 
stages are sharp. A considerable time period (>30 years) is needed 
for the composition of the mite fauna of post-industrial dumps to 
approach that of the pre-disturbance vegetation. There are some 
evidences for the possible existence of multiple stable equilibria in 
which the developing oribatid communities may equilibrate at more 
than one possible combination of species.

The most reliable features that allow the identification of suc
cessional stages of oribatid communities are:
• the dominance structure (observed using the proportion of differ

ent dominant species, species diversity, equitability or species 
abundance relationship),

• the proportion of juvenile forms characterized by a thick cuticle,
• the proportion of certain systematic cohorts, e.g. Enarthronota,
• the appearance of closely related species (analysed by CCA ordi

nation with regard to Tectocepheus velatus/Tectocepheus minor 
and Scheloribates laevigatus/Scheloribates latipes.
Basic zoocenotic characteristics of the soil animal community, e.g. 

abundance and species richness, are considerably variable at a 
particular stage of oribatid succession on post-industrial dumps. The 
development of oribatid fauna and the species turnover are higher 
at the earlier successional stages, and slow down as the dumps age.

Pioneer oribatid mit( communities are initially varied (especially 
in species composition) and they do not converge as similar pre



climax communities. The initial colonization of oribatids on post
industrial dumps seems to be random, and due to the variety of 
species that invade dumps. However, the process is possibly non- 
random and depends on the characteristics of the individual spe
cies. Considerable “redundancy” in the species pool of those spe
cies able to colonize post-industrial dumps in the establishment and 
in the following phases of succession on dumps was observed. The 
only species capable of reaching high abundance in pioneer popu
lations on each dump were Tectocepheus velatus and Oppiella nova. 
Three categories of oribatid species colonizing dumps were recog
nized, based on a contingency table using chi-square analysis. 
“Early” successional species (pioneer oribatids) can be divided into 
two groups. The so-called “long-distance runners”, which did not 
lose their status with increasing age of the dumps, e.g. Oppiella nova, 
Tectocepheus velatus, Liochthonius propinquus and Peloptulus 
phaenotus; and “sprinters”, whose abundance noticeably decreased 
at older sites, e.g. Brachychochthonius cńcoides, Brachychochthonius 
immaculatus, Liochthonius piluliferus and Scutovertex sculptus. The 
third group of oribatids, the so-called “late” successional species, 
comprises species that were absent or rare at the younger sites but 
were abundant at the oldest sites, e.g. Eupelops tardus, Liebstadia 
similis, Ońbatula tibialis, Punctońbates punctum, Tectocepheus minor.

Despite the “K  attributes” (low metabolic rate, slow development, 
low fertility, long adult life) that characterize oribatids, these mites 
can be regarded as successful colonizers of post-industrial dumps. 
They can attain an abundance of 12 000 per square metre after 
several years, and they usually become the dominant group of 
mesofauna after 10-15 years on sites with dense herbaceous veg
etation. Representatives of Actinedida and Acaridida prevailed over 
oribatids only on the sites covered with initial vegetation. However, 
oribatids may predominate among mites at some of the youngest 
sites, e.g. on the mine dump at Biskupice.

The variety of factors, physical and biological, by which dumps 
and sites differ, produce a patchwork of environmental conditions. 
Different abundance of species and community structures result 
from the responses to these factors. Therefore, it may be difficult 
to predict specific features of a community on the basis of environ
mental characteristics. The structuring forces that influence the 
oribatid communities in their successional stages on the dumps were 
varied and depended on the dumps. Magnesium and sodium con
tent were frequently recognized as the most important environmen
tal factors influencing the pioneer oribatid communities. Many 
different environmental factors influence the structuring of the 
communities at the intermediate stage of primary succession. Of



eleven environmental variables, available magnesium content was 
most frequently recognized as important for the structuring of the 
community at the oldest sites. Oribatid colonization studies indi
cate numerous positive correlations between oribatid abundance, 
richness and diversity with richness and diversity of plant cover. 
Therefore, the status of oribatid communities (despite species com
position) can be comparatively easily predicted through knowledge 
of the structure of plant assemblages on the surface. However, an 
effect of vegetation on the species composition of oribatid commu
nities was not recognized. The type of substratum (deposited wastes) 
does not generally influence the development of a specific commu
nity of mites. Due to heavy metal contents and their negative in
fluence on vegetation, the rate of development of oribatid fauna is 
significantly slower on contaminated dumps. However, permanent 
oribatid mite communities develop at these sites and are charac
terized by an abundance of over 20 000 individuals per m2 and by 
the presence of 40 oribatid species after 50 years (site 3).

The soil on the dumps is slightly more homogenous in vertical 
distribution and this results in a higher proportion of oribatids in 
the lower horizons on the dumps than in the adjacent biotopes. The 
influence of organic matter and body dimensions (especially body 
width) on the vertical distribution of oribatids on the dumps was 
recognized.

The influence of neighbouring biotopes (forest, meadow or rud- 
eral vegetation) on the species richness of an oribatid community 
on a dump and on the rate of its development is weak. To a large 
extent, the initial oribatid colonization of post-industrial dumps was 
accomplished by species that were either rare in the undisturbed 
area, or had immigrated from other habitats a considerable distance 
away. Usually half or more of the species came from sites other than 
adjacent biotopes. It seems that all (or at least some) dispersal modes 
are successful enough to establish oribatid communities in a com
paratively short time. This brings the necessity of reclamation 
measures into question.

The reclamation measures carried out on post-industrial dumps 
introduce an element of randomness in the succession of oribatid 
fauna, which does not help to accelerate the succession process over 
the long-term. The effects of reclamation measures on dumps seem 
to be effective only in the first period of oribatid fauna development. 
Twenty years after reclamation, decline in abundance, species rich
ness decrease, and other negative trends in the community struc
ture were observed.

None of the successional models (facilitation, inhibition or tol
erance) explain the development of oribatid fauna on post-indus



trial dumps in a straightforward way. Nevertheless, the facilitation 
pathway seems to be the one best suited to most observed situa
tions in these artificial habitats.

Deposited wastes forming post-industrial dumps appear to offer 
oribatid mites suitable enough conditions for the survival and 
development of many species. In the course of investigations 172 
oribatid species (140 species on the dumps) were collected. Eight 
species and one subspecies were new to the Polish fauna. Thirty- 
seven species and two subspecies were new for the Upper Silesian 
Region.
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Kolonizacja i rozwój zgrupowań mechowców 
(Acari: Oribatida) na zwałach poprzemysłowych

S t r e s z c z e n i e

W pracy analizowano sukcesję zgrupowań glebowych roztoczy z rzędu Oriba
tida na sześciu zwałach poprzemysłowych różnego typu (zwały kopalniane, zwał 
hutnictwa żelaza, zwał pocynkowy, osadnik wód kopalnianych) oraz na rekulty
wowanych zwałach kopalnianych. Ponadto badano faunę Oribatida w przylegają
cym do zwału biotopie. Na 28 stanowiskach badawczych pobrano ogółem 5260 prób 
glebowych wykorzystanych do analizy zoocenologicznej, 224 próby służące do analiz 
glebowych i 1444 próby do oceny względnej wilgotności. Ogółem zebrano ponad 
133 tysiące przedstawicieli mezofauny glebowej (roztoczy i skoczogonków), w tym 
ponad 73 tysiące reprezentantów rzędu Oribatida.

Wyróżniono 3 stadia sukcesyjne w rozwoju zgrupowań Oribatida -  „pionier
skie” , „łąkowe” i „przedleśne” . Mechowce, mimo cech charakterystycznych dla 
„K-strategów”, możemy uznać za grupę, która z powodzeniem zasiedla hałdy. Mogą 
one osiągnąć zagęszczenie około 12 000 osobników/m2 po kilku latach i stają się 
dominującą grupą wśród mezofauny glebowej po 10-15 latach. Wśród gatunków 
zasiedlających zwały wyróżniono wczesnych kolonizatorów, a wśród nich tzw. 
„sprinterów” (np. Brachychochthonius cńcoides, Liochthonius piluliferus, Scutover
tex sculptus) oraz „długodystansowców” (np. Oppiella nova, Peloptulus phaenotus, 
Tectocepheus velatus), a także gatunki „późnej” sukcesji (np. Eupelops tardus, 
Punctońbates punctum, Tectocepheus minor). Do cech zoocenotycznych, które 
z największym prawdopodobieństwem pozwalają określić stadium rozwoju zgru
powania, należą między innymi: struktura dominacji, udział określonych kohort 
systematycznych, czy stadiów młodocianych wybranych gatunków.

Bardzo różne czynniki środowiskowe (w pracy analizowano oddziaływanie po
nad 20 parametrów glebowych i dotyczących roślin) w znaczący sposób wpływają 
na rozwój zgrupowań znajdujących się na poszczególnych stanowiskach na zwałach 
różnego typu. Zawartość niektórych pierwiastków, np. magnezu i sodu, najczęściej 
odnotowywano jako mającą największy wpływ na kształtowanie się zgrupowań. 
Ogólną charakterystykę zgrupowania mechowców (z wyjątkiem składu gatunkowe
go) można stosunkowo najłatwiej określić, opierając się na cechach roślinności wy
stępującej na danej powierzchni. Rodzaj składowanych odpadów nie wpływa w istotny 
sposób na strukturę czy skład gatunkowy zgrupowań mechowców.

Oddziaływanie otaczających biotopów na skład gatunkowy i tempo rozwoju 
zgrupowań mechowców na zwałach było słabo zaznaczone. Zwykle połowa i więcej 
gatunków pojawiających się na hałdach była nieobecna w ich najbliższym otocze
niu. Pozytywny wpływ rekultywacji prowadzonej na zwałach jest zauważalny tylko 
w początkowym etapie rozwoju zgrupowań Oribatida. Po około 20 latach obser
wuje się negatywne trendy w rozwoju fauny roztoczy, np. spadek zagęszczenia 
i liczby gatunków. Żaden z modeli sukcesji („ułatwiania”, „hamowania” czy „tole
rancji”) nie wyjaśnia w sposób bezpośredni i pełny rozwoju fauny Oribatida. 
Niemniej jednak wydaje się, że model „ułatwiania” najlepiej opisuje większość zja
wisk obserwowanych w odniesieniu do tej grupy zwierząt na zwałach poprzemy
słowych.

Zebrane mechowce należały do 172 gatunków Oribatida (co stanowi ponad 30% 
fauny Oribatida Polski), w tym 8 gatunków i 1 podgatunek były nowe dla fauny 
Polski, a 37 to gatunki nowe dla fauny Górnego Śląska.



Ansiedlung und Entwicklung der Moostiereansammlungen 
(Acari: Oribatida) auf postindustriellen Haufen

Z u s a m m e n f a s s u n g

In der vorliegenden Arbeit wurde die Sukzession der Ansammlungen von 
Bodenmilben (Ordnung: Oribatida) auf sechs verschiedenartigen, postindustriellen 
Haufen (Grubenhaufen, Eisenhüttenhaufen, Postzinkhaufen, Grubenwasserabsetz- 
becken) und auf rekultivierten Bergwerkhaufen untersucht. Außerdem untersuchte 
man die Fauna Oribatida in dem an den Haufen angrenzenden Biotop. An 28 
Forschungsstellen wurden insgesamt 5260 Bodenproben entnommen, die bei der 
zoozönologischen Analyse verwandt wurden; 224 Proben dienten der Bodenanalyse 
und 1444 der Beurteilung von relativer Feuchtigkeit. Alles in Allem wurden über 
133 Tausend Vertreter der Bodenmesofaune gesammelt (Milben und Spring
schwänze), darunter über 73 Tausend Vertreter der Ordnung: Oribatida.

Es wurden 3 Sukzessionsstadien in der Entwicklung der Ansammlungen von 
Oribatida unterschieden: „Pionierstadium“-, „Wiesenstadium“- und „Vorwald- 
stadium“ . Trotz ihrer für „if-Strategen“ typischen Eigenschaften kann man die 
Mosstiere für eine solche Gruppe halten, die mit Erfolg die Haufen besiedelt. Nach 
einigen Jahren können sie die Verdichtung von etwa 12 000 Einzelwesen pro 
Quadratmeter erreichen und nach 10-15 Jahren werden sie eine dominierende 
Gruppe in der Bodenmesofaune. Unter den die Haufen besiedelten Gattungen 
wurden frühe Kolonisatoren unterschieden, und darunter sog. Sprinter (z.B.: 
Brachychochthonius cricoides, Liochthonius piluliferus, Scutovertex sculptus) und sog. 
Langstreckenläufer (z.B.: Oppiella nova, Peloptulus phaenotus, Tectocepheus vela
tus) als auch Gattungen der „späten“ Sukzession (z.B.: Eupelops tardus, 
Punctoribatespunctum, Tectocepheus minor). Zu zoozönotischen Eigenschaften, die 
mit höchster Wahrscheinlichkeit das Entwicklungsstadium der Ansammlung 
bestimmen lassen, gehören u.a.: die Dominanzstruktur, der Anteil von bestimm
ten systematischen Kohorten oder jugendlichen Stadien der ausgewählten Gat
tungen.

Ganz unterschiedliche Umweltfaktoren (in der vorliegenden Arbeit wurde die 
Einwirkung von über 20 Boden- und Pflanzenparametern untersucht) beeinflus
sen wesentlich die Entwicklung der Ansammlungen an den einzelnen Stellen auf 
verschiedenartigen Haufen. Der Gehalt von manchen Elementen, z.B. Magnesium 
und Natrium sollte den größten Einfluss auf die Bildung von Ansammlungen 
haben. Die allgemeine Charakteristik der Moostiereansammlungen (mit Ausnah
me von der Gattungszusammensetzung) kann am schnellsten anhand der Cha
rakteristik von den, auf der bestimmten Fläche auftretenden Pflanzen bezeichnet 
werden. Die Art der angehäuften Abfälle übt keinen wesentlichen Einfluss auf die 
Struktur oder auf die Gattungszusammensetzung der Moostiereansammlungen 
aus.

Die Einwirkung der umgebenden Biotope auf die Gattungszusammesetzung und 
das Entwicklungstempo der Moostiereansammlungen auf den Haufen war nur 
schwach abgezeichnet. Meist die Hälfte oder mehrere auf den Haufen auftreten
den Gattungen waren in ihrer nächsten Umgebung nicht vorhanden. Der positive 
Einfluss von der auf den Haufen geführten Rekultivierung war nur in der ersten 
Entwicklungsetappe von Oribatida bemerkbar. Nach ungefähr 20 Jahren beobach
tet man negative Trends in der Entwicklung der Milbenfauna, wie z.B. sinkende 
Verdichtung, und wenigere Gattungen. Kein von den Sukzessionsmodellen



(„Erleichterung“, „Hemmung“ oder „Toleranz“) kann die Entwicklung der Oribatida 
-  Fauna direkt und vollständig erläutern. Doch das „Erleichterungsmodell“ scheint 
die meisten, auf den Haufen beobachteten Erscheinungen am besten beschreiben 
zu können.

Die gesammelten Moostiere gehörten zu 172 Oribatida -  Gattungen (was über 
30% der polnischen Oribatida-Fauna bildet), darunter waren 8 Gattungen und eine 
Untergattung für die Fauna Polens, und 37 Gattungen für die oberschlesische 
Fauna ganz neu.
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