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INTRODUCTION

I n  c o n t r a s t  to  p l a n t s ,  l i t t l e  i s  k n o w n  o f  c h a n g e s  i n  a n i m a l  s p e c i e s ,  p a r t i c u ­
l a r ly  s o i l  a r t h r o p o d s ,  d u r i n g  s e c o n d a r y  s u c c e s s i o n  (SCHEU &  SCHULZ 1 9 9 6 ) . 
S t u d i e s  o n  s o i l  a n i m a l  c o m m u n i t i e s  a t  d i f f e r e n t  s t a g e s  o f  s e c o n d a r y  s u c c e s ­
s i o n  a r e  s c a r c e  ( B e c k m a n n  &  S c h r i e f e r  1 9 8 9 ,  H u h t a  e t  a l .  1 9 7 9 ;  H u t s o n  & 
L u f f  1 9 7 8 ,  P a r r  1 9 7 8 ,  P i ż l  1 9 9 2 ,  S t r e i t  e t  a l .  1 9 8 5 ,  W a s i l e w s k a  1 9 9 4 )  a n d  
l i t t l e  i s  k n o w n  o f  c h a n g e s  i n  s p e c i e s  c o m p o s i t i o n  a n d  t h e  s t r u c t u r e  o f  a  c o m ­
m u n i t y .  P o s t i n d u s t r i a l  d u m p s  a r e  a  g o o d  o b je c t  to  o b s e r v e  s u c c e s s i o n  o f  
p l a n t s  a n d  a n i m a l s .
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O ribatid m ites are usually  the  m ost a b u n d a n t of m ites occurring in stable 
soils. Many a u th o rs  are of the opinion th a t oribatids do not take p a rt in pri­
m ary colonization of newly formed h ab ita t ( B r o c k m a n n  et al. 1980, H e r -  
m o s i l l a  1976, H u h t a  et al. 1979, K o e h l e r  1983, S t r e i t  et al. 1985). Al­
though, oribatids a tta in  an  im portan t position in aged m aterial, e.g. the 
sludge m aterial ( H u h t a  et al. 1979). In the la tte r research  their biom ass be­
cam e even higher th an  in the controls, and of the  sam e m agnitude as  the av­
erage b iom asses of Oribatida in spruce forests, which are the optim um  of th is 
group. Moreover, D u n g e r  (1968) observed su b stan tia l populations of oribatid 
m ites 3 years after the revegetation of m ine spoil. S tudies on the colonization 
and  succession  of soil fauna  in h ab ita ts  degraded by hu m an  activities were 
developed in recent years. However, there are few papers w hich analyse 
oribatid com m unities on postindustria l dum ps in details ( B e c k m a n n  1988, 
B i e l s k a  1982a, b, B i e l s k a  1995, L u x t o n  1982, S k u b a ł a  1995, 1996, 1997a, 
W e ig m a n n  1982, Ż b ik o w s k a - Z d u n  1988).

This study  focused on the later stage of the succession of Oribatida. Different 
postindustrial dum ps representing sim ilar stage of the secondary p lan t succes­
sion were chosen. The vegetation was well developed and deciduous trees or 
sh ru b s  occurred a t all investigated sites. The paper investigates w hether the 
oribatid com m unities described on various types of dum ps differ with regard to 
s tru c tu ra l biocenotic param eters. The au tho r gives also an account of some 
more num erous species, as well as ecological and zoogeographical analysis of 
oribatid com m unities on dum ps are made. A bundance and species richness of 
mite com m unities were previously discussed ( S k u b a ł a  1997b).

SITE DESCRIPTION AND METHODS

Following five postindustria l dum ps have been chosen in the  Upper Sile­
sian  Region for the analysis:

1. a  dum p of a  coal-burning power p lan t in Jaw orzno
2. a  dum p of a  chem ical p lan t in Oświęcim
3. a  zinc m etallurgic dum p in Katowice
4. an  iron m etallurgic dum p in By tom
5. a  galena-calam ine m ine dum p a t Bukowno
They were comprised of different industrial m aterials originated from differ­

en t industrial processes. The age of all dum ps were sim ilar (about 30-40  years) 
and the tall herbage com m unities containing some trees or sh ru b s  (Oświęcim) 
were developed on these sites. Detailed information concerning the site descrip­
tion and m ethods can be found in the first part of a n  article (SKUBAŁA 1997b).

The species com position w as analysed using  the M arczewski and S te in ­
h a u s  form ula (s) ( M a r c z e w s k i ,  S t e i n h a u s  1959) and classificatory m ethod by 
M o u n t f o r d  (1962).

s = w /  a  + b -  w
w here a -  num ber of species in I com m unity, b -  num ber of species in II 

com m unity, w -  num ber of species com m on to I and II com m unities.
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Diversity of soil an im als (H’) w as calculated using  Shannon-W iener index: 
H' = -  I  p. lnpu where p( -  the proportion of the total species represen ted  by 
species “i”. Furtherm ore, the species abundance  relationship  after Lu d w ig  & 
R e y n o l d s  (1988) w as also used  to com pare the s tru c tu re  of the  oribatid com ­
m unities on dum ps.

Oribatid m ites were categorized into three trophic groups (Lu x t o n  1 9 7 2 ) : 
m acro-, micro- and  panphytophages. Species were also classified into groups 
w hich characterized their typical biotope in which m ites usually  occurred: 
forest, open hab ita ts , m osses and lichens on hard  su b s tra ta  and eurytopic 
species. Furtherm ore, species were classified according to their geographical 
d istribution: european, palaearctic, holarctic and cosm opolitan species.

RESULTS

The dom inance structure o f a com m un ity

The dom inance s tru c tu re  of the analysed com m unities differed m uch. A 
different num ber of species and different species belonged to particu lar 
classes of dom inance. The specim ens of oribatids were m ost evenly shared  
betw een species on the galena-calam ine dum p a t Bukowno, where 7 species 
reached the dom inance index higher th an  5.0%. On the dum ps in Oświęcim 
and  Bytom 6 and  5 species belonged to dom inan ts b u t a relatively higher pro­
portion of m ost num erous species w as observed. Tectocepheus velatus 
reached high dom inance on these dum ps (34.0% -  Oświęcim and  23.6%  -  
Bytom). The lowest num ber of dom inan ts and  very high dom inance of one 
species were observed on the rem aining dum ps. Oppiella nova  reached 46.7%  
of the entire  com m unity on the dum p in Jaw orzno and  50.9%  on the dum p in 
Katowice (Fig. 1).

The s tru c tu re  of the mite com m unities w as also exam ined using  the spe- 
cies-abundance relationship. Individual ra n k /a b u n d a n c e  plots for the total 
num ber of m ites collected on the study  sites are presented  in Fig. 2. The spe­
cies abundance  relationship  w as m uch more steep on the dum p in Katowice 
and ra th e r  of m ilder progress on the o ther dum ps. All these curves differed 
from the species-abundance relationship  observed in the  n a tu ra l beech forest 
in Polish m oun ta in s (S k u b a ł a , in press). Curves of com m unities from n a tu ra l 
biotopes display a log-normal d istribu tion  (STENSETH 1979).

S p ecies sim ilarity  and d iversity

It is w orth m entioning th a t only 4 species (Liochthonius lapponicus, 
Quadroppia quaddcadnata  madtalis, Oppiella nova and Tectocepheus velatus) 
occurred on all investigated sites (see Apendix) and as regards dom inants, 
there were only 2 ubiquitous parthenogens (O. nova  and  T. velatus). B ut the 
proportion of these species in com m unities varying m uch. For example, O. nova 
reached over 50% of the total num bers in Katowice and  only 0.25%  in Bytom. 
8 species were recorded on a t least four dum ps (B rachychochthonius im-
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m aculatus, Eupelops tardus, Scheloribates laevigatus, Suctobelbella acutidens,
S. messneri, S. perforata, S. sarekensis  and S. subcomigera). B ut only Sch. lae­
vigatus and E. tardus reached higher dom inance on some of the dum ps (Fig. 1).

i ■  Jaworzno

□  Oświęcim

□  Katowice (-

□  Bytom

□  Bukowno i

Fig. 1. D om inance of a b u n d a n t oribatid  species in com m unities on p ostindustria l dum ps in 
Silesia. O.p. -  Oppiella nova: M.o. -  Medioppia obsoletei; E.t. -  Eupelops tardus: T.v. -  Tectocepheus 
uelatus; B.r. -  Beminiella rafalskiv, O.b. -  Oribatella berleset D.o. -  Dissorhina omata: S.l. -  Sche­
loribates laevigatus: C .p. -  C eratozetes peritus: R.a. -  R am usella assim ilis: L.s. -  L iebstadia  
similis: Q.q. -  Quadroppia quadricarinata virginalis: O.t. -  Oribatula tibialis: O.p. -  Oribella paolii: 

A.n. -  Achipteria nitens: T. -  Tegoribates sp.; P.n. -  Pergalumna nervosa

□  Katowice□  Oświęcim

□  Bukowno

■  Jaworzno

□  Beech forest□  Bytom

Fig. 2. The species ab u n d an ce  relation  on th e  dum ps in Silesia and  in the  n a tu ra l beech forest, 
beech forest -  forest in the  Beskidy M ountains ( S k u b a ła  in press)
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C lassification of analysed com m unities w ith regard to species sim ilarity is 
illu s tra ted  in Figure 3. Sim ilar analysis h a s  been m ade also for p lan t species. 
As regards oribatid  com m unities the  value of the Marczewski and  S te inhaus 
form ula w as h ighest for Jaw orzno and  Oświęcim (s = 0.28). The species com ­
position of the  com m unity in Bytom was sim ilar to the latters. The dendro­
gram  displays a  m ain  separation  betw een the dum p a t Bukowno and  all other 
dum ps. For example, there were only 10 com m on species for com m unities in 
Jaw orzno  and  Bukowno (s = 0.12). The separa te  charac te r of the oribatid 
com m unity  on the galena-calam ine dum p a t Bukowno w as also expressed by 
the h ighest n um ber of speciess confined to one site (18).

Due to the  sim ilarity  of p lan t assem blages on dum ps, the relationship  were 
different. In p lan ts, the  dum ps in Oświęcim and Bytom were m ost sim ilar. 
And the dum p in Katowice w as separa ted  from other four dum ps (Fig. 3).
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Fig. 3. C lassification of oribatid com m unities and p lan t assem blages and values of indices of
sim ilarity betw een g roups of dum ps.

As regards species diversity of the  oribatid com m unities, the m ost widely 
u sed  S h an n o n  index (H’) w as calculated. Its value increases as the num ber of 
species increases and  as the d istribu tion  of individuals am ong the species 
becom es even. The oribatid com m unity on the dum p in Bukowno w as the 
m o st diverse (H' = 2.9109) and  a little lower w as the diversity in Bytom (H' = 
2.7889). On the  o ther dum ps its value w as sim ilar (Oświęcim -  2.0694, J a ­
w orzno -  1.9927 and  Katowice -  1.8822).

E cological and zoogeographical analysis

As far as trophic preferences of oribatid m ites are concerned, the  m ajor 
g roup  w as m icrophytophages. The num ber of these species w as the highest 
o n  all dum ps (ranged from 14 species a t Bukowno to 24 species in Jaworzno). 
A lthough, they reached the h ighest percentage in total num bers only in the 
coim m unities in Jaw orzno (61.2%) and  Katowice (67.3%). The h ighest propor­
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tion of panphytophages w as recorded on the rem aining dum ps. It w as be­
cause  of very high dom inance of panphytophagous species -  Tectocepheus 
velatus  on the dum ps in Oświęcim and  Bytom and high proportion of o ther 
panphytophages -  Oribatula tibialis, Eupelops tardus, Achipteria nitens and  
Pergalumna nervosa  a t Bukowno. The proportion of m acrophytophages was 
generally low, however they reached 10.5% of the total oribatid population at 
Bukowno.

O ribatid species which showed no preferences in h ab ita ts  (eurytopic spe­
cies) formed generally the m ajor part of all com m unities. The species reached 
alm ost 40% of the total num bers on the dum p in Bytom and abou t 75% on 
the dum ps in Jaw orzno and Katowice. The proportion of forest species was 
no t high (ranged from 7.7% in Jaw orzno to 19.4% in By tom). However, very 
high num ber of forest species (15, 14 and  12) w as recorded on som e dum ps 
(Jaworzno, Oświęcim and  Bytom). Surprisingly, a high num ber of forest spe­
cies w as recorded on the dum p in Oświęcim, where trees were absen t. Only 
few m eadow species (characteristic of open areas) was recorded on the  dum ps. 
They com prised the high percentage only on the dum p in By tom (32.4%).

In term s of geographical d istribu tion  of the recorded species, the  m ajor 
group w as cosm opolitan species on all investigated sites. They com prised from 
43.8%  of the whole num ber in Bytom to 76.1% in Jaw orzno. The num ber of 
cosm opolitan species w as not the h ighest (the num ber of holarctic and pa- 
laearctic species w as in m any cases higher th an  cosm opolitan ones), b u t some 
of them  reached very high abundance  (e.g. Achipteria nitens, Oppiella nova, 
Oribatula tibialis, Pergalumna nervosa, Tectocepheus velatus and  Scheloribates 
laevigatus). The proportion of holarctic and palaearctic species ranged from 
6.8% (holarctic species a t Bukowno) to 34.9%  (palaearctic species in 
Oświęcim). Several european  species were recorded on each dum p. These 
species reached the h ighest proportion on the dum p in Bytom (15.1%).

DISCUSSION

The observations conducted on several postindustria l dum ps of sim ilar age 
and developm ent of vegetation allowed to describe five differently developed 
oribatid com m unities. They differed with regard to abundance, num ber of 
species ( S k u b a ł a  1997b), the s tru c tu re  of a  com m unity (the differences in 
species s tru c tu re  were the m ost rem arkable) and  species diversity.

The analysis of the  dom inance s tru c tu re  of the com m unities revealed its 
different ch arac te r in the investigated com m unities. The more balanced dom i­
nance s tru c tu re  w as observed on the dum p a t Bukowno and  Bytom. The 
s tru c tu re  of the  rem aining com m unities w as m uch less stable. One species 
(Oppiella nova  or Tectocepheus velatus) reached very high proportion in the 
com m unities in Jaw orzno, Oświęcim and Katowice).

The species abundance  relationship  on the investigated dum ps differed in 
com parison with the curve of the oribatid com m unity in the  n a tu ra l beech 
forest ( S k u b a ł a ,  in press) which showed a tendency tow ards a log-normal

http://rcin.org.pl



Oribatida  on postindustrial dum ps 19 9

d istribu tion  (Fig. 2). It h a s  been suggested th a t log-norm al d istribu tions are 
considered to be characteristic  of greater environm ental stability (STENSETH 
1979). On the investigated dum ps the curves were ra th e r of logarithm ic d is­
tribu tion , w hereas on the zinc dum p in Katowice log abundance  declined m ost 
sharp ly  in relation to species rank . A steep decline of the curves m ay indicates 
its early successional s ta tu s  ( K o e h l e r  &  B o r n  1989).

As regards the  values of the S hannon  index, its value also differed betw een 
dum ps (from H’ = 1,8822 in Katowice to 2,9109 in Bukowno). In general the 
values of the  species diversity index were not low. Values of th is index varies 
from 2 to 3.5 in m any n a tu ra l forest biotopes ( D z iu b a  &  S k u b a ł a  1986, 
N i e d b a ł a  et al. 1981, R a j s k i  1961, S t a n t o n  1979). As regards o ther investi­
gated dum ps, B i e l s k a  (1982b) recorded the S hannon  index, H' = 1.8476 on 
the 30 years  old m ine dum p and H' = 2.2643 on the 20 years old recultivated 
dum p. W hereas Ż b i k o w s k a - Z d u n  (1988) observed the value of the species di­
versity index, H' = 2.6452 on the recultivated m ine dum p.

Aboved characteris tics  indicated th a t the s tru c tu re  of the oribatid com ­
m unities are different and  mite com m unities on dum ps in Jaw orzno, 
Oświęcim and  Katowice are not well developed and  are in the earlier phase of 
succession  th an  on two o ther dum ps. And especially the dum p in Bukowno is 
of g rea ter stability  due to species abundance  rela tionships and the value of 
diversity index.

A strik ing  differences in the species s tru c tu re  were observed (Fig. 1). Dif­
feren t oribatid species play an  im portan t role in each of the investigated 
com m unities. The species sim ilarity was the h ighest for the com m unities in 
Jaw orzno and  Oświęcim (s = 0.28) and very low for com m unities a t Bukowno 
an d  o thers  (Fig. 3). In co n tras t to oribatids, the p lan t com position of the 
dum p in Katowice was the m ost dissim ilar. The differences in the sim ilarity of 
oribatid  and  p lan t com m unities indicate th a t there are m any o ther factors 
w hich influence the form ation of the oribatid fauna. One of the reasons could 
be the presence of particu lar oribatid fauna around  the dum ps. It is worth 
m entioning th a t the  species sim ilarity betw een oribatid com m unities was 
m uch  h igher th an  betw een p lan t assem blages.

Species of the  family Oppiidae dom inated in com m unities on dum ps in 
Jaw orzno, Katowice and Oświęcim (Bem iniella rafalskii, Dissorhina ornata, 
Medioppia obsoleta, Oppiella nova and Ram usella assimilis). Their proportion 
in  the rem aining com m unities was m uch lower. They are sm all body sized 
species, of weak sclerotization, inhabiting  sm all pores in the soil, m ainly eu- 
rybiotic m ites. Tectocepheus velatus and species of sim ilar m orphological ad ­
ap ta tio n s  to the life in the soil (Ceratozetes peritus , Liebstadia similis and 
Scheloribates laevigatus) prevailed on the dum ps in Oświęcim and By tom. 
These are species of average size and  sclerotization, lacking special m orpho­
logical adap ta tion  to the life in the soil or on the surface. Species of various 
type dom inated on the galena-calam ine dum p. Oribatula tibialis and Oribella 
paolii are m ites of sim ilar specialization as T. velatus w hereas Eupelops tardus, 
Achipteria nitens, Tegoribates sp., Pergalumna nervosa  are strongly sclerotized 
m ites with m any protective adaptations, well adapted to the  life on the s u r ­
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face. Furtherm ore, species of sim ilar characteristic  to the la tte r  -  Oribalella 
berlesei played an  im portan t role in the  com m unity in Oświęcim.

Some of the dom inant species recorded on the dum ps were previously found 
at postindustrial or disturbed sites a t high num bers and are known as resis tan t 
to h u m an  im pact. They are following species: Dissorhina om ata, Liebstadia  
similis, M edioppia obsoleta, O. nova, Quadroppia ąuadricańnata, R am usella  
assimilis, T. velatus (B e c k m a n n  1988, B i e l s k a  1982a, b, 1995, C e r n o v a  1970, 
L u x to n  1982, S k u b a ł a  1995, 1997a, W e ig m a n n  1982). Furtherm ore, some other 
species were described as less sensitive to hum an  perturbances, namely Sche- 
loribates laevigatus, Eupelops sp. ( D in d a l  1977, S e n ic z a k  et al. 1991). The re­
m aining dom inant species from the analysed postindustrial dum ps were absen t 
or occurred in low num bers in sim ilar researches.

As regards some ecological qualities of the recorded oribatids, species known 
to possess a broad ecological am plitude occurring in a  wide variety of hab ita ts  
th roughout the world comprised the major part in all com m unities. It m ay be 
supposed th a t the proportion of cosmopolitan and euiytopic species will be de­
creasing in the following years as the vegetation will become more dense and 
the am oun t of organic m atter will increase. The num ber of forest species was 
quite high on some dum ps. Surely, the proportion of these m ites will be also 
increasing in next years. A calculation of the relative proportion of trophic types 
in oribatid com m unities led to the following results: the num ber of m icrophyto- 
phagous species w as the highest on all dum ps, however on three investigated 
sites the proportion of panphytophages was higher, e.g. on the dum ps in 
Oświęcim, Bytom and Bukowno. The proportion of m icrophytophages is consid­
erably higher th an  panphytophages in more or less n a tu ra l biotopes. For ex­
ample, N i e d b a ł a  et al. (1981) observed the percentage of m icrophytophages 
from 79% in dry-ground forest to 97.3% in mixed forest. S k u b a ł a  (1998) found 
m uch higher num ber of m icrophytophagous species, w hereas the proportion in 
the total num bers was identical for these two groups, in m ountain  forests. It 
seem s th a t the analysed dum ps are in the last b u t one stage of the form ation of 
the mite comm unity. As m entioned above it may be concluded th a t the propor­
tion of m icrophytophagous species will be increasing during next years as the 
envirom ental conditions will become more stable.

F u rth e r stud ies are necessary  to have more detailed inform ation concern ­
ing the occurrence of m ites and  driving forces responsible for the form ation of 
their com m unities. This knowledge m ay be very useful for reclam ation and  
conservation purposes.

CONCLUSIONS

1. The investigations on oribatids on postindustrial dum ps have show n 
th a t it is im possible to describe a typical com m unity com m on to various 
dum ps.

2. Complex ecological conditions of these sites lead to a  variety of species 
com binations.
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3. The dom inance s tru c tu re  of oribatid com m unities on 30 -40  year old af­
forested dum ps differed from th a t observed in n a tu ra l biotopes.

4. Only two ub iquitous parthenogens -  Oppiella nova  and  Tectocepheus 
velatus  occurred on all sites and  played an  im portan t role in m ost of the 
com m unities.

5. The proportion of eurytopic species of broad d istribu tion  w as still high 
on the  dum ps in  com parison w ith non-anthropogenic biotopes. M icrophyto­
phages or panphytophages prevailed in the com m unities with regard to a b u n ­
dance, w hereas the total num ber of m icrophytophagous species w as higher.

6 .  S ix  s p e c i e s  n e w  to  th e  P o li s h  f a u n a  w e r e  r e c o r d e d  o n  t h e  d u m p s .  T h e y  
w e r e  Suctobelba lapidaria MORITZ, 1970 a n d  fiv e  o th e r  s p e c i e s  n o te d  d o w n  in  
f ir s t  p a r t  o f  t h e  a r t ic le  (S k u b a ł a  1997b).
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STRESZCZENIE

[Tytuł: Zgrupow ania mechowców (Acari: Oribatida) n a  różnego typu zwałach 
poprzem ysłowych. II. Analiza zoocenologiczna.]

Do b ad ań  nad zgrupow aniam i mechowców wybrano 5 zwałów poprzemy- 
słowych w rejonie Górnego Śląska. Były to: zwał elektrowni węgla kam iennego 
w Jaw orznie, zakładów chemicznych w Oświęcimiu, zakładów cynkowych w Ka­
towicach, h u tn ic tw a  żelaza w Bytomiu i kopalnictw a rud  cynku i ołowiu w Bu­
kownie. Wiek zwałów (około 30-40  lat) oraz stopień rozwoju szaty roślinnej 
(obecne drzewa lub krzewy liściaste) był zbliżony n a  w szystkich stanow iskach. 
W pierwszej części artykułu  ( S k u b a ł a  1997b) dyskutowano zagęszczenie i bo­
gactwo gatunkow e zgrupow ań roztoczy. Opisane zgrupow ania mechowców 
różniły się między sobą z uwagi na  s tru k tu rę  dom inacji, skład gatunkow y, 
różnorodność gatunkow ą oraz udział grup roztoczy o określonych cechach 
ekologicznych. Zgrupowanie mechowców o najbardziej stabilnej s truk tu rze  
opisano na  n ieużytkach  galeno-galm anowych w Bukownie. Cztery gatunki 
Oribatida (Oppiella nova, Tectocepheus velatus, Liochthonius lapponicus i Qua- 
droppia quadricarinata maritalis) spośród 108 występowały n a  wszystkich 
zw ałach, a  tylko dwa pierwsze osiągnęły wysokie zagęszczenie n a  niektórych 
ze zwałów.

R edaktor pracy -  d r M. S terzyńska
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Appendix: C heck list of the oribatid m ites on postindustria l dum ps. J  -  Jaw orzno, O -  Oświęcim, K -  Katowice, Byt -  Bytom,
B uk -  Bukowno

Species J  O  K  B y t  B u k Species J  O  K  B y t  B u k

1 2  3  4  5  6 1 2  3  4  5  6

Eobrachychthonius latior 
(B e r l e s ę  1 9 1 0 )

+ Heminothrus peltifer 
(C . L. K o c r  1 8 3 9 )

+

Brachychochthonius cricoides 
(W e i s - F o g h , 1 9 4 8 )

+ H ypodam aeus riparius 
(N lCOLET 1 8 5 5 )

+

Brachychochthonius immacu- 
latus FO RSSLUNQ 1 9 4 2

+ + + + Spatiodam aeus boreus 
B .- Z .,  1 9 5 7

+ +

Brachychthonius berlesei 
WlLLMANN 1 9 2 8

+ M etabelba propexa  
(Ku l c z y ń s k i  1 9 0 2 )

+

Verachthonius laticeps 
(S t r e n z k e  1 9 5 1 )

+ M etabelba pulverulenta  
(C . L. KOCH, 1 8 3 9 )

+

Liochthonius globuliferus 
(St r e n z k e  1 9 5 1 )

+ Ctenobelba obsoleta  
(C . L. K o c h  1 8 4 1)

+

Liochthonius lapponicus
(Tr a g a r d h  1 9 1 0 )

+ + + + + Fosserem us quadripertitus 
G r a n d j e a n  1 9 6 5

+

Liochthonius perpusillus 
(B e r l e s e  1 9 1 0 )

+ Hafenrejferia gilvipes 
(C . L. K o c h  1 8 4 0 )

+

Liochthonius propinquus 
N i e d b a ł ą  1 9 7 2

+ + + Liacarus coracinus 
(C . L. K o c h  1 8 4 1)

+

Liochthonius sellnicki (Th o r  
1 9 3 0 )

+ + + Cultroribula bicultrata 
(B e r l e s e  1 9 0 5 )

+

Liochthonius strenzkei 
F o r s l u n q  1 9 6 3

+ Tectocepheus uelatus
(M i c h a e l  1 8 8 0 )

+ + + + +

Eniochthonius minutissimus 
(B e r l e s ę  1 9 0 3 )

+ Machuella draconis 
H a m m e r  1 9 6 1

+

Hypochthonius luteus 
OUDEM ANS 1 9 1 7

+ + Medioppia obsoleta  
(P A O H  1 9 0 8 )

+ + +

Hypochthonius rufulus 
C . L. K o c h , 1 8 3 6

+ + + Medioppia subpectinata  
(OUDEM ANS 1 9 0 0 )

+

Microtritia minima (B e r l e s ę  
1 9 0 4 )

+ + Microppia minus 
(P A O H  1 9 0 8 )

+ +

Rhysotritia ardua  (C . L. K O C H  
1 8 4 1 )

+ + + LauroppiaJalcata  
(Pa o l i , 1 9 0 8 )

+
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1 2  3  4  5  6 1 2  3  4  5  6

Phthiracarus anonymus 
G r a n d j e a n  1 9 3 4

+ Laur oppia Jallax  
(P A O U  1 9 0 8 )

+

Atropacarus (A.) striculus 
(C . L. K O C H  1 8 3 6 )

+ + Lauroppia neerlandica 
(OUDEM ANS 1 9 0 0 )

+

Nothrus silvestris 
N i c o l e t  1 8 5 5

+ Oppiella nova
(OUDEM ANS 1 9 0 2 )

+ + + + +

Cam isia spinifer
(C . L. K o c h  1 8 3 5 )

+ Dissorhina om ata  
(OUDEM ANS 1 9 0 0 )

+ +

Berniniella rafalskii
(O PŁ O TN A et R a j s k i ,  1 9 8 3 )

+ + Suctobelbella similis 
(FORSSLUNQ 1 9 4 1 )

+

Oppia nitens C . L. K O C H  1 8 3 6 + Suctobelbella subcom igera  
(FORSSLUNQ 1 9 4 1 )

+ + + +

Graptoppia foveolata  
(P A O U  1 9 0 8 )

+ Suctobelbella subtrigona 
(OUQEM ANS 1 9 0 0 )

+

Ram asella (Rectoppia) fa sc ia ta  
(P A O U  1 9 0 8 )

+ Suctobelbella vera 
(M o r it z ; 1 9 6 4 )

+ +

Ram usella (R.) assim ilis 
(M i h e l C ic  1 9 5 6 )

+ + + Suctobelbella sp. +

Quadroppia quadricarinata 
maritalis LIONS, 1 9 8 2

+ + + + + Banksinom a lanceolata  
(M i c h a e l  1 8 8 5 )

+

Quadroppia quadricarinata 
virqinalis L i o n s , 1 9 8 2

+ + + Oribella paolii
(OUDEM ANS 1 9 1 3 )

+

Suctobelba atomaria 
M o r it z ; 1 9 7 0

+ Scutouertex sculptus 
M i c h a e l  1 8 7 9

+ + +

Suctobelba discrepans 
M o r i t z , 1 9 7 0

+ Hemileius initialis 
(B e r l e s e  1 9 0 8 )

+

Suctobelba lapidaria 
M o r i t z ; 1 9 7 0

+ Liebstadia similis 
(M i c h a e l  1 8 8 8 )

+ +

Suctobelba sorretensis 
H a m m e r  1 9 6 1

+ Oribatula tibialis 
(N i c o l e t  1 8 5 5 )

+ + +

Suctobelba trigona
(M i c h a e l  1 8 8 8 )

+ Oribatula sp. +

Suctobelbella acutidens 
(FORSSLU N Q  1 9 4 1 )

+ + + + Scheloribates laeuigatus 
(C . L. K o c h  1 8 3 6 )

+ + + +
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1 2  3  4  5  6 1 2  3  4  5  6
Suctobelbella baloghi 

(F o r s s l u n d  1 9 5 8 )
+ Scheloribates latipes 

(C . L. K o c h  1 8 4 1 )
+ +

Suctobelbella bella 
(B e r l e s ę  1 9 0 2 )

+ + + Zygoribatula exilis 
(N i c o l e t  1 8 5 5 )

+

Suctobelbella Jor sslundi 
(S t r e n z k ę  1 9 5 0 )

+ Protoribates capucinus 
B e r l e s ę  1 9 0 8

+

Suctobelbella m essneri 
M o r it z , 1 9 7 1

+ + + + Protoribates pannonicus 
WlLLMANN 1 9 5 1

+

Suctobelbella palustris 
(F o r s s l u n d  1 9 5 3 )

+ Protoribates uariabilis 
R a j s k i , 1 9 5 8

+ +

Suctobelbella perforata  
(S t r e n z k e  1 9 5 0 )

+ + + + Cham obates borealis 
(Tr Ag a r d h  1 9 0 2 )

+

Suctobelbella perpendiculata  
(F o r s s l u n d  1 9 5 8 )

+ Cham obates uoigtsi 
(O u d e m a n s  1 9 0 2 )

+

Suctobelbella sarekensis  
(F o r s s l u n d  1 9 4 1 )

+ + + + Ceratozetella sellnicki 
(Ra j s k i , 1 9 5 8 )

+ +

C eratozetes gracilis 
(M i c h a e l  1 8 8 4 )

+ Oribatella berlesei 
(M i c h a e l  1 8 9 8 )

+ +

C eratozetes mediocris 
B e r l e s e , 1 9 0 8

+ Tegoribates sp. +

Ceratozetes peritus 
G r a n d  ̂ a n , 1 9 5 1

+ + + Achipteria coleoptrata 
(Li n n e , 1 7 5 8 )

+ + +

Ceratozetoides cisalpinus 
(B e r l e s e  1 9 0 8 )

+ + Achipteria nitens 
(N i c o l e t  1 8 5 5 )

+

Fuscozetes pseudosetosus  
S h a l d y b in a  1 9 7 7

+ Tectoribates om atus  
S c h u s t e r  1 9 5 8 )

+

Trichoribates nouus 
(S e l l n ic k  1 9 2 8 )

+ Acrogalumna longipluma 
(B e r l e s ę  1 9 0 4 )

+

Trichoribates trimaculatus 
(C . L. K O C H  1 8 3 6 )

+ + + Galumna lanceata  
(O u d e m a n s  1 9 0 0 )

+ + +

Latilamellobates incisellus 
(Kr a m e r  1 8 9 7 )

+ + + Galumna obuia 
(B e r l e s e  1 9 1 4 )

+ +

Minuthozetes semirufus 
(C . L. K o c h  i 8 4 1 )

+ Galumna sp. 1 +
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1 2 3 4 5 6 1 2 3 4 5 6
Punctoribates punctum  

(C . L. KOCH, 1 8 3 9 )
+ + + Galumna sp. 2 +

Eupelops plicatus 
(C . L. K O C H  1 8 3 5 )

+ + Pergalumna nervosa  
(B e r l e s ę  1 9 1 4 )

+

Eupelops tardus
(C . L. K o c h  1 8 3 6 )

+ + + + Pilogalumna tenuiclaua 
(B e r l e s ę  1 9 0 8 )

+ +

Peloptulus phaenotus 
(C . L. K o c h  1 8 4 1)

+ + +
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