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Abstract. Very few studies have addressed to the influence of heavy metal pollution on soil mite communities 
(Acari) in European grasslands. Considering this, our aim was to provide quantitative information about 
their diversity in mountain grasslands located at various distances from a heavily polluted industrial site, and 
to relate data on species composition and abundance with the heavy metal pollution affecting them. We 
investigated six sites, with significant difference in the concentration of heavy metal pollutants (As, Cu, Pb, 
Zn and Mn). We found that the species diversity and the numerical density of Acari decreased significantly 
with the increase in concentration of the analysed pollutants. The statistical analyses revealed the existence of 
mite communities that are characteristic of different levels of pollution. This differential response of soil 
mites, especially mesostigmatids, to heavy metal pollution highlights their potential as bio-indicators of 
damaged grasslands.  
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Introduction 
 
According to the Romanian National Institute of 
Statistics, in 2010 there were 4506253 ha of perma-
nent meadows and pastures in Romania, which 
represents 18.90% of the total surface of the coun-
try. Natural grasslands are very important because 
they support a high diversity of plant and animal 
species (including invertebrates) that provide a 
variety of ecological services, for example, the 
quality and quantity of food production, ameliora-
tion of climate change, revitalizing arable land, 
protecting water quality and the cultural heritage 
(Dabrowska-Prot & Wasilowska 2012, Hartel et al. 
2013, Littlewood et al. 2013).  

In modern times, the main perturbations of 
grasslands include climate change, and change in 
land-use management, which has become more in-
tensive in order to increase food production. For 
these reasons, ecological studies of any aspect of 
grassland biodiversity are complex, taking into ac-
count not only the visible fauna, such as pollina-
tors, but also the microscopic fauna that occur in 
the soil (‘the soil fauna’). Therefore it is increas-
ingly important to incorporate invertebrate biodi-
versity into the general concept of multi-functional 
grasslands (Littlewood et al. 2013).  

Terrestrial invertebrates in grasslands provide 
numerous ecosystem services, influencing primary 

and overall land productivity, stimulating the in-
terspecific competition and providing a valuable 
food resource for higher trophic levels. Terrestrial 
invertebrates are also considered useful tools in 
the restoration of grasslands (De Deyn et al. 2003, 
Barrios 2007, Jessus et al. 2009, Schon et al. 2012, 
Littlewood et al. 2013).  

The soil fauna is not very well studied 
throughout Europe, often being a neglected com-
ponent of the biodiversity of grasslands. This is a 
serious omission because the soil fauna is charac-
terized by large populations, generally > 100 000 
individuals/m2, consequently it is of major impor-
tance as an indicator of the environmental condi-
tions that exist in grasslands (Battigelli & McIntyre 
1999, Wardle et al. 2003, 2004, Cole et al. 2006, 
Koricheva et al. 2000, Maharning et al. 2009, Gar-
cia et al. 2010, Schon et al. 2010). Different soil mite 
orders are used to characterize the natural or an-
thropical status of grassland ecosystems (Battigelli 
& McIntyre 1999, Osler et al. 2008, Behan-Pelletier 
& Kanashiro 2010). 

One of the most important and useful bio-
indicators of the environmental conditions of 
grasslands are the predatory gamasid mites 
(Acari: Mesostigmata) (Ruf & Beck 2005, Gulvik et 
al. 2008, Ruf & Bedano 2010). Studies of the 
Mesostigmata in natural and polluted grasslands 
undertaken in Germany, Poland, Latvia, Slovakia 
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and Austria have shown the presence of both gen-
eralist and specialized species (Buryn & Hartmann 
1992, Koehler 1999, Seniczak et al. 1999, Salmane 
2001, Masan 2003a, 2003b, Masan & Fenda 2004, 
Kaluz & Fenda 2005, Gwiazdowicz 2007, Ruf & 
Bedano 2010, Salmane & Brumelis 2010, Wissuwa 
et al. 2012). 

In Romania, only a small number of investiga-
tions of the Mesostigmatids of natural and pol-
luted grasslands have been carried out, and these 
were mainly qualitative (Huţu et al. 1997, Călugăr 
2006 a, 2006b).  

The aim of the present study was to provide 
quantitative information about the soil mites’ di-
versity, especially of Mesostigmatid populations 
from a montane grassland – a habitat type less 
studied both in Romania and Europe, highlighting 
the influence of heavy metal pollution on these in-
vertebrates’ communities.    
 
 
Materials and Methods 
 
Study site 
The Trascău Mountains (highest point 1200m a.s.l.) are 
situated in the south-eastern part of the Apuseni Moun-
tains (Romanian Western Carpathians), dominating the 
Mureş valley, downstream of the confluence with the Ar-
ieş River. The southern limit is represented by the Ampoi 
valley (the study area). The mountains comprise a mosaic 
of nine rock types that include narrow crystalline patches, 
dolomite (magnesium limestone) and a variety of calcare-
ous limestone (Popescu-Argeşel 1997, Lazăr 2011).   

For more than 50 years the city of Zlatna, situated in 
the Ampoi valley, and the adjacent area was one of the 
most famous industrial centres in Romania for the extrac-
tion of copper, lead, gold and silver (Clepan 1999). As a 
consequence of mineral extraction, ceased in 2003, the 
grasslands and forests in the vicinity of Zlatna have been 
strongly affected by heavy meatal pollution, including Pb, 
Cu, Zn, Mn and As, their concentrations decreasing with 
the distance from the pollution source (P), situated at 
46°06’52.39” N: 23°14’40.17” E,  610 m a.s.l. (Georgescu 
1989). 

Six Mesostigmata sampling sites were established in 
the Ampoi Valley – Paul rivulet area, situated between 
1626 and 3147 meters distance from pollution source (G1, 
G2, G3, G4, G5, G6), (Fig. 1).   

The geographical description, vegetation and soil 
characteristics are detailed in Table 1. Although the phy-
tocoenoses are dominated by species with xerophytic 
characters, they include numerous mesophytic species, 
resulting in a heterogeneous species composition. The 
main anthropogenic factors that influence the sampling 
sites are heavy metal pollution and intensive sheep graz-
ing (Table 1).  
 
 

 
 

Figure 1. Location of the investigated grassland ecosys-
tems (G1-G6) in relation with the pollution source (P). 

 
 

Soil samples  
The concentration of the five heavy metals (Pb, Cu, Zn, 
Mn and As) was mapped directly in the field, using XRF 
(X-ray fluorescence spectrometer). Twenty-five soil sam-
ples were analysed. The average values of heavy metals 
concentrations from investigated grasslands are pre-
sented in Table 2. As a result, six sampling sites were es-
tablished based on different degrees of soil pollution. The 
same number of samples were analysed for soil acidity, 
using Consort NV –C 532 pH-meter.  

The mite fauna was sampled randomly at each of the 
six grassland sites in July and September 2013 by taking 
25 cores to a depth of 10 cm, with a MacFadyen corer that 
had 5 cm in diameter. The 150 cores were located within a 
2500 m2 area. The mites were extracted with a modified 
Berlese-Tullgren funnel, in ethyl alcohol clarified in lactic 
acid, and identified to species level, using published iden-
tification keys (Gilyarov & Bregetova 1977, Hyatt 1980, 
Karg 1993, Masan 2003a, 2003b, Masan & Fenda 2004, 
Masan 2007, Masan & Halliday 2010). All species were 
deposited in the invertebrate collection of the Institute of 
Biology, Romanian Academy. 

2506 mites were extracted from the 150 cores. They 
included 55 Prostigmata individuals, 1806 Oribatida indi-
viduals and 645 Mesostigmata individuals, the latter 
comprising 46 species.  
 
Mite community analysis 

In order to assess whether there were any differences 
in the distribution and diversity of species among the six 
grassland sites, the data set was subjected to several sta-
tistical analyses. Bray-Curtis cluster analysis was con-
ducted to compare the studied soil mite communities us-
ing the PAST software (Hammer et al 2001). Correspon-
dence analysis (CA) was used to explore the composi-
tional variation between grasslands. The interpretation 
was restricted to the ordination space determined by the 
first two axes. Canonical Correspondence Analysis (CCA) 
was used to determine the species responding to various 
heavy metals pollutants. The one–way ANOVA tests, CA 
and CCA were conducted using XLSTAT soft (trial ver-
sion). The level of significance for all statistical tests was α  
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= 0.05. The Dominance Index (%) was calculated using 
the formula: D = 100% * n/N, where: n = number of indi-
viduals of one species in all samples; N = total number of 
individuals of all species in all samples. Dominance 
classes for the identified Mesostigmata mites were: eu-
dominants with D > 10.0% (D5); dominants with D of 5.1–
10.0% (D4); sub-dominants with D of 2.1–5.0% (D3); rece-
dents with D of 1.1–2.0% (D2), and sub-recedents with D 
< 1.1% (D1) (Gwiazdowicz et al. 2011). 

The Constancy Index (%) was calculated using the 
formula: C = 100% * pA/P, where: pA = number of sam-
ples with species A; P = total number of samples. The 
mite species were divided in 4 constancy classes: eucon-
stant species with C of 75.1–100% (C4); constant species 
with C of 50.1–75% (C3); accessory species with C of 25.1–
50% (C2); and accidental species with C of 1–25% (C1) 
(Gwiazdowicz et al. 2011). 
 
 
Results 
 
Heavy metals  
In Romania, the official procedures for the assess-
ment of environmental pollution and legal limits 
for permitted levels of heavy metals were estab-
lished in 1997 (Ministry Order no. 756). According 
to this legal document, the maximum permitted 
limits for the five analysed heavy metals are: arse-
nic (As) 5 mg/kg-1; copper (Cu) 200 mg/kg-1; 
manganese (Mn) 900 mg/kg-1; lead (Pb) 20 mg/kg-

1 and zinc (Zn) 100 mg/kg-1. The highest concen-
trations were Pb > As > Zn > Cu > Mn. The chemi-
cal analyses of the soils at the six study sites 
showed that the limit for arsenic was exceeded at 
all of the sites, for lead at sites G1, G2, G3, G4, G5, 
whereas for zinc and copper at sites G1, G2, G3. 
Mn concentrations did not exceed the legal limits 
in any of the investigated grassland sites. The G6 
site is the least polluted and therefore was used as 
the control site against which sites G1- G5 were 
assessed. The ANOVA test has indicated a statisti-
cal difference between heavy metal concentrations 
from all six grassland sites (for df = 5, the p values 
being lower than 0.05) (Table 2).  
 
Mite communities 
 2506 mites were counted, belonging to the Orders: 
Prostigmata (2.19%), Oribatida (72.03%) and 
Mesostigmata (25.72%). If we take into considera-
tion the mites from each orders, separately, the 
one way-ANOVA test did not indicate a statistical 
difference between the numerical abundance of 
the Prostigmata (p=0.49, F=0.928; df=5) and 
Oribatida populations from the six grassland sites 
(p=0.85, F=0.375; df= 5). When we consider only 

the Mesostigmata group, the ANOVA test shows a 
significant differences between the six grasslands 
(p=0.06, F=2.09; df=5).  

 46 species from the Order Mesostigmata were 
identified. Less polluted grasslands (G4, G5, G6) 
had recorded the highest number of species (17, 
15, 28).  The grasslands situated closed to the pol-
lution source are characterized by a lower species 
diversity (11 species in G1, 9 in G2 and 14 in G3) 
(Fig. 2). 

 

 
 

Figure 2. Number of species from the six grassland eco-
systems. 

 
 

Taking account of the Dominance and Con-
stancy Indices, the Mesostigmata species were di-
vided into different classes. In G2 and G3, 55.55% 
respectively 50% of the identified species were 
grouped in eudominant and dominant classes, the 
remainder being sub-dominant, recedent and sub-
recedent species. The lowest percentage of eu-
dominant-dominant species was recorded in G4 
(29.41%) and G6 (25%). When the Constancy Index 
was considered in relation to G4 and G5 one spe-
cies was classified as constant, which represent 
5.88% and 6.66% of the total number of species. In 
G6, 10.71% were euconstant-constant species. 
Solely accessory and accidental species were re-
corded in G1, G2 and G3 (Table 3). 

A Correspondence Analysis (CA) was per-
formed to evaluate the relationship between spe-
cies abundance and micro-habitat (Fig. 3). The ei-
genvalue (the dispersion of the sites/species dis-
tribution along the ordination axis) was significant 
for axis 1 (k = 0.38) and axis 2 (k = 0.31). Axis 1 di-
vided the Mesostigmatid fauna in two groups dif-
ferentiated by their tolerance against heavy metal 
pollution: G1-G5-G6 (with extreme values of the 
pollutants: maximum to minimum concentrations) 
and G2-G3-G4 (which had similar concentrations). 
The second axis differentiates mites into two 
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groups: G1-G2-G3 and G4-G5-G6, the first group 
being situated closer to the pollution source. Spe-
cies associated with the grasslands situated near 
the pollution source were grouped on the upper 
part of axis 2, for example Protogamasellus pyg-
maeus, Hypoaspis angusta, Gamasellodes bicolor, Arc-
toseius semiscissus, Ololealps placentulus and Rho-

dacarus denticulatus. Species associated with the 
grasslands further away from the pollution source 
were: Leioseius insignis, Hypoaspis miles, Hypoaspis 
austriaca and Optilis minutissima. 

The majority of the species were ordinated 
close to the intersection of the axes: including Asca 
bicornis, Hypoaspis aculeifer, Rhodacarellus silesiacus,  

 
Table 3/A. List with identified soil mites (Acari: Mesostigmata) from grasslands ecosystems from Trascău Moun-

tains (D%= dominance; C%= constance) (ecosystems G1-G3) 
 

  G1 G2 G3 
No. Species D% C% D% C% D% C% 
1 Alloparasitus oblonga (Halbert, 1915)       
2 Amblyseius sp.       
3 Androlaelaps casalis (Berlese, 1887)       
4 Arctoseius semiscissus (Berlese, 1892)   3.57 4   
5 Asca bicornis (Canestrini & Fanzago, 1887) 15.89 4 10.71 8   
6 Cheroseius bryophilus Karg, 1969       
7 Eviphis ostrinus (C.L. Koch, 1836)     1.92  
8 Gamasellodes bicolor (Berlese, 1918) 1.89 4     
9 Hypoaspis (Geolaelaps) aculeifer (Canestrini, 1883) 54.21 40 3.57 4 11.53 16 
10 Hypoaspis (Geolaelaps) angusta Karg, 1965 1.87 4     
11 Hypoaspis (Geolaelaps) preasternalis (Wilmann, 1949) 10.28 32   30.76 40 
12 Hypoaspis karawaiewi (Berlese, 1903) 1.87 8     
13 Hypoaspis (Laelaspis) astronomica  (C.L. Koch, 1839)       
14 Hypoaspis (Laelaspis) austriaca Sellnick, 1935       
15 Hypoaspis (Stratiolaelaps) miles (Berlese, 1882)       
16 Hypoaspis (Cosmolaelaps) claviger (Berlese, 1882)       
17 Hypoaspis (Cosmolaelaps) vacua (Michael, 1891) 3.74 16 17.85 4 7.69 8 
18 Hypoaspis (Geolaelaps) sp.     5.76 12 
19 Iphidonopsis pulvisculus (Berlese, 1921)       
20 Iphidonopsis sp.       
21 Lasioseius berlesei (Oudemans, 1938)       
22 Lasioseius sp.       
23 Leioseius insignis (Hirschmann, 1963)       
24 Lysigamasus misellus (Berlese, 1904)       
25 Macrocheles recki Bregetova & Koroleva 1960   3.57 4   
26 Ololaelaps placentulus (Berlese, 1887)   3.57 4 3.85 4 
27 Ololealaps sellnicki Bregetova & Koroleva 1964       
28 Oplitis minutissima (Berlese, 1903)       
29 Pachylaelaps furcifer Oudemans, 1903     1.92 4 
30 Pachylaelaps pectinifer (G. & R. Canestrini, 1881) 0.93 4     
31 Parazercon radiatus (Berlese, 1910)       
32 Proctolaelaps pygmaeus (Muller, 1860) 0.94 4     
33 Protogamasellus mica (Athias-Henriot, 1961)     11.54 4 
34 Prozercon kochi Sellnick, 1943     1.92 4 
35 Rhodacarellus perspicuus Halaskova, 1958 0.93 4 7.14 4   
36 Rhodacarellus silesiacus Willmann, 1953 7.48 16 10.71 8 5.77 8 
37 Rhodacarus coronatus Berlese, 1921       
38 Rhodacarus denticulatus Berlese, 1921   39.28 12 11.54 4 
39 Rhodacarus roseus Oudemans, 1902       
40 Trachytes irenae Pecina, 1969     1.92 4 
41 Trachytes pauperior Berlese, 1914       
42 Uropoda orbicularis (O.F. Muller, 1776)       
43 Veigaia exigua (Berlese, 1916)       
44 Zercon berlesei Sellnick, 1958     1.92 4 
45 Zercon hungaricus Sellnick, 1958     1.92 4 
46 Zerconopsis remiger (Kramer, 1876)       
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Table 3/B. List with identified soil mites (Acari: Mesostigmata) from grasslands ecosystems from Trascău Moun-
tains (D%= dominance; C%= constance) (ecosystems G4-G6) 

 

  G4 G5 G6 
No. Species D% C% D% C% D% C% 
1 Alloparasitus oblonga (Halbert, 1915) 5.48 16 18.64 44 11.6 56 
2 Amblyseius sp.   0.85 12   
3 Androlaelaps casalis (Berlese, 1887)     0.37 4 
4 Arctoseius semiscissus (Berlese, 1892)       
5 Asca bicornis (Canestrini & Fanzago, 1887) 10.95 20 1.69 4 4.12 32 
6 Cheroseius bryophilus Karg, 1969     1.87 16 
7 Eviphis ostrinus (C.L. Koch, 1836)       
8 Gamasellodes bicolor (Berlese, 1918)       
9 Hypoaspis (Geolaelaps) aculeifer (Canestrini, 1883)   3.39 12 22.1 12 
10 Hypoaspis (Geolaelaps) angusta Karg, 1965       
11 Hypoaspis (Geolaelaps) preasternalis (Wilmann, 1949) 32.87 60 43.22 64 34.8 100 
12 Hypoaspis karawaiewi (Berlese, 1903) 1.37 4   0.75 4 
13 Hypoaspis (Laelaspis) astronomica  (C.L. Koch, 1839)   0.85 4 0.37 4 
14 Hypoaspis (Laelaspis) austriaca Sellnick, 1935 1.37 4     
15 Hypoaspis (Stratiolaelaps) miles (Berlese, 1882) 1.37 4     
16 Hypoaspis (Cosmolaelaps) claviger (Berlese, 1882)   0.85 4 0.75 8 
17 Hypoaspis (Cosmolaelaps) vacua (Michael, 1891) 17.80 36 18.64 28 2.62 16 
18 Hypoaspis (Geolaelaps) sp. 2.73 8 0.85 4 1.87 20 
19 Iphidonopsis pulvisculus (Berlese, 1921) 1.37 4   0.37 4 
20 Iphidonopsis sp.     0.37 4 
21 Lasioseius berlesei (Oudemans, 1938)   0.85 4   
22 Lasioseius sp.   3.39 16 0.75 8 
23 Leioseius insignis (Hirschmann, 1963) 2.74 8     
24 Lysigamasus misellus (Berlese, 1904) 2.74 8 0.85 4 2.62 20 
25 Macrocheles recki Bregetova & Koroleva 1960     0.75 8 
26 Ololaelaps placentulus (Berlese, 1887)     0.37 4 
27 Ololealaps sellnicki Bregetova & Koroleva 1964     1.5 16 
28 Oplitis minutissima (Berlese, 1903) 4.10 12 0.85 4 2.62 12 
29 Pachylaelaps furcifer Oudemans, 1903       
30 Pachylaelaps pectinifer (G. & R. Canestrini, 1881)     0.37 4 
31 Parazercon radiatus (Berlese, 1910)   0.85 4   
32 Proctolaelaps pygmaeus (Muller, 1860)       
33 Protogamasellus mica (Athias-Henriot, 1961)       
34 Prozercon kochi Sellnick, 1943       
35 Rhodacarellus perspicuus Halaskova, 1958 4.10 8   1.12 12 
36 Rhodacarellus silesiacus Willmann, 1953 2.74 4 2.54 8 3.75 28 
37 Rhodacarus coronatus Berlese, 1921     0.75 8 
38 Rhodacarus denticulatus Berlese, 1921 5.48 8     
39 Rhodacarus roseus Oudemans, 1902     0.37 4 
40 Trachytes irenae Pecina, 1969       
41 Trachytes pauperior Berlese, 1914     0.75 8 
42 Uropoda orbicularis (O.F. Muller, 1776) 1.37 4   1.12 12 
43 Veigaia exigua (Berlese, 1916)     0.75 4 
44 Zercon berlesei Sellnick, 1958       
45 Zercon hungaricus Sellnick, 1958       
46 Zerconopsis remiger (Kramer, 1876) 1.36 4   0.37 4 

 

 

Rhodacarellus perspicuus, Alloparasitus oblonga, Hy-
poaspis claviger and Uropoda orbicularis. 

Multivariate analysis showed that the abun-
dance of mite species was significantly related to 
the concentration of the heavy metals (Fig. 4). The 
two eigenvalues were 0.621 and 0.595, indicating 
that the first axis explained 49.09 % of the variabil-

ity and the second 20.24 % of the variability. The 
species Rhodacarus denticulatus, Ololaelaps placentu-
lus, Hypoaspis aculeifer, Hypoaspis sp., are signifi-
cantly correlated with high concentrations of Pb, 
As, Zn, Cu, while Protogamasellus mica and Mac-
rocheles recki with more increased Mn concentra-
tions. 
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 (All.ob. - Alloparasitus oblonga; Am. sp. - Ameroseius sp.; An. cas. – Androlaelaps casalis; Ar. sem.- Arctoseius semiscissus; As. bi. - Asca bicornis; 
Ch. bry. – Cheroseius bryophylus; Hy.cl. – Hypoaspis claviger; Hy.vac. - Hypoaspis vacua; Gam. bic. - Gamasellus bicolor; Hy.ac. – Hypoaspis 
aculeifer; Hy.an. – Hypoaspis angusta; Hy.pr. - Hypoaspis preasternalis; Hy.sp. - Hypoaspis sp.; Hy. kar.- Hypoaspis karawaiewi; Hy. as. – 
Hypoaspis astronomica; Hy.aus.- Hypoaspis austriaca; Iph. pul. – Iphidonopsis pulvisculus; Las. ber. – Lasioseius berlesei; Las. sp.- Lasioseius sp.; 
Les.ins. - Leioseius insignis; Ly.mis. - Lysigamasus misellus; M. re. – Macrocheles recki; Ol.pl. – Ololaelaps placentulus; Op. mi.- Oplitis 
minutissima; Pa. pec. - Pachylaelaps pectinifer; Par.rad. - Parazercon radiatus; Pr. mi. – Protogamasellus mica; Pro.pyg. – Protogamasellus 
pygmaeus; Rh.de. - Rhodacarus denticulatus; Rh. per. – Rhodacarellus perspicuus; Rh.sil. – Rhodacarellus silesiacus; St. mil. - Stratiolaelaps miles; 
Tr.ir – Trachytes irenae; Tr. pa. - Trachytes pauperior; Ur.orb. - Uropoda orbicularis).  

 
 

   
 

(As. bi. - Asca bicornis; All.ob. - Alloparasitus oblonga; Ch. bry. – Cheroseius bryophylus; Hy.cl. – Hypoaspis claviger; Hy.vac.- Hypoaspis vacua; 
Hy.ac. – Hypoaspis aculeifer; Hy.pr. - Hypoaspis preasternalis; Hy.sp. - Hypoaspis sp.; Hy. kar. - Hypoaspis karawaiewi; Las. sp.- Lasioseius sp.; 
Ly.mis. - Lysigamasus misellus; M. re. – Macrocheles recki; Ol.pl. – Ololaelaps  placentulus; Op. mi.- Oplitis minutissima; Pr. mi. – 
Protogamasellus mica; Rh.de. - Rhodacarus denticulatus; Rh. per. – Rhodacarellus perspicuus; Rh.sil. – Rhodacarellus silesiacus; Ur.orb. - Uropoda 
orbicularis). 

 
 

The Bray Curtis cluster analysis revealed simi-
larities and differences between the soil mite 
communities in the six grassland sites. The analy-
ses show that when the communities of all three 
Acari Orders (Prostigmata, Oribatida and 
Mesostigmata) are considered together they form 
two main clusters – (a) G2, G4 and G5 and (b) G1, 
G3 and G6 (Fig. 5A). The same situation was re-

corded when only the Oribatida and Prostigmata 
communities were considered together (Fig. 5C). 
The Bray Curtis analysis for Mesostigmata and 
Prostigmata (taken together) showed only two 
similar communities (G3 and G4; G1 and G5) with 
large differences between the communities in 
grasslands G6 and G2 (Fig. 5B). When the 
Mesostigmata is considering by itself, the commu- 
 
 

Figure 4. Canonical Correspon-
dence Analysis (CCA) of 19 
species (Acari: Mesostigmata) 
and the six grassland sites. 

Figure 3. Correspondence Analy-
sis (CA) of 35 species (Acari: 
Mesostigmata) and six grass-
land sites. 
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nities were divided into two similarity clusters, (a) 
G3-G4-G5 and (b) G1-G2-G6 (Fig. 5D). 
 
 
Discussion 
 
72.03% of the total number of individuals per 
square metre was represented by decomposer 
mites (Oribatids), 25.72% were predatory 
Mesostigmatids and only 2.23% were Prostigmat-
ids. In contrast, the typical Acari fauna in many 
natural grassland types comprises mainly 
Prostigmata (67% to 93%) with the Oribatida being 
represented by 17-25%, Mesostigmata varying be-
tween 16% and 25% (Battigelli and McIntyre 1999; 
Osler et al. 2008; Behan-Pelletier and Kanashiro 
2010). 

The study demonstrates that heavy metal pol-
lution has a drastic adverse effect on the soil mite 
communities. Population densities as well as spe-
cies diversity (the latter in relation to the Mesostig-
mata) sharply decreased at the highest heavy 
metal concentrations. These results are in accor-
dance with other studies of polluted ecosystems in 
Europe (Madej & Skubala 2002, Minor & Norton 
2004, Manu 2008). Most Prostigmatid mites are 
fungivorous and bacteria consumers and as a re-
sult are more sensitive to pollution than the preda-
tory (Mesostigmatids) and phytophagous (Oribat-
ids) groups, although Mesostigmata and Oribatida 
were found to be moderately sensitive to heavy 
metal pollution (Koehler 1999, Nahmani & Lavelle 
2002, Andres & Domene 2005, Gulvik et . 2008,  

Ruf & Bedano 2010). 
These aspects were reflected in Bray-Curtis 

similarity cluster. The investigation demonstrated 
that when assessed on the basis of all three Orders 
of the Acari and the two Orders of decomposer 
species (Oribatida and Prostigmata) alone, pollu-
tion caused by heavy metal contamination is hav-
ing an adverse effect on the species composition 
and community structure. Similarities between the 
mite communities were found in the medium pol-
luted grasslands (G2, G4 and G5) whilst differ-
ences were observed between these communities 
and those sites at the extremes of the contamina-
tion range - maximum (G1) to minimum (G6). 

The heavy metal pollution also affected the 
stability of the Mesostigmatid communities. The 
investigated grasslands are characterized mainly 
by sub-dominant,recedent and sub-recedent spe-
cies, as well as accessory and accidental mites. Eu-
dominant-dominant mites comprised 50% of spe-
cies only at sites G2 and G3. Some researchers 
have discovered that small heavy metal content in 
the soil has a positive indirect effect on the abun-
dance of Mesostigmata by stimulating an increase 
in the populations of the prey organisms (Koehler 
1999, Seniczak et al. 1999). The dominant and con-
stant species were Asca bicornis, Hypoaspis aculeifer 
and Hypoaspis praesternalis. These mites character-
ized the communities at sites G4, G5 and G6, 
which are furthest away from the pollution source 
and where the concentrations of heavy metal pol-
lutants are the lowest. Asca bicornis and Hypoaspis 
praesternalis dominated the xerophilous micro-

Figure 5. Bray-Curtis similarity 
cluster between soil mites 
communities (Acari: Oribatida, 
Prostigmata, Mesostigmata). (A 
= Oribatida-Prostigmata-Meso-
stigmata; B = Mesostigmata- 
Prostigmata; C = Oribatida-Pro-
stigmata; D = Mesostigmata). 
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habitats associated with the soil surface; the spe-
cies have also been reported to occur in industri-
ally polluted areas and in the first stage of succes-
sion of derelict industrial land (Seniczak et al. 
1999, Gwiazdowicz 2007, Salmane & Brumelis 
2010). 

The Correspondence Analysis revealed that 
some Mesostigmatids such as Protogamasellus 
pygmaeus, Gamasellodes bicolor, Ololealps placentulus 
and Rhodacarus denticulatus occurred in polluted 
soils at sites G1, G2, G3 and G4.  The species have 
also been found in heavy metal contaminated in-
dustrial and urban areas throughout Europe 
(Seniczak et al. 1999, Madej & Skubala 2002, Minor 
& Norton 2004, Manu 2008). Other species, for ex-
ample Trachytes pauperior, Lysigamasus misellus, 
Hypoaspis claviger, Rhodacarellus silesiacus, Protoga-
masellus mica, Hypoaspis angusta are commonly 
found in high densities in grasslands, as well as in 
ecosystems in the early stages of secondary suc-
cession (Koehler 2000, Madej & Skubala 2002, 
Gulvik et al. 2008). 

According to the Multivariate Analysis, 
Ololealps placentulus, Rhodacarus denticulatus, Hy-
poaspis aculeifer are sensitive to As, Zn, Pb and Cu. 
Laboratory studies of the influence of copper on 
the biological cycle of Hypoaspis aculeifer, showed 
that it can resist for 14 days at Cu concentrations 
varying from 647 to 3.764 mg/kg. The species is 
also sensitive to Pb and Zn (Owojori & Siciliano 
2012, Chapman et al. 2013, Owojori et al. 2014).  
 
 
Conclusions 
 
The heavy metal concentrations influenced the 
representation of mites within the Acari orders 
Oribatida, Mesostigmata and Prostigmata. There 
was a severe decrease in the numerical density of 
Prostimatids and an increase of Oribatids. The 
high heavy metal concentrations in the grassland 
soils close to the pollution source have caused a 
significant reduction of Mesostigmata species-
richness and relative abundance. The statistical 
analysis demonstrated the existence of species as-
sociated with the most contaminated grasslands, 
while others were only present in the less polluted 
soils. This differential response of soil mites, espe-
cially of the Mesostigmatids, to heavy metal pollu-
tion highlights the potential of the Acari as bio-
indicators for grasslands that have been damaged 
by industrial pollution. 
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