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ABSTRACT — The present study analyzes the effects of pollution with cement powder on the Gamasina mite communities
from soil organic horizon of some forest ecosystems. The study was carried out in two main polluted areas — one situated
in Southern Romania (Cement Plant from Campulung Muscel — Arges County) and the other one in the North-East (the
Tasca-Bicaz Cement Plant — Neamt County). Forest ecosystems located at different distances from the pollution sources
were studied and the seasonal dynamics of both the gamasid fauna and community structures were monitored. The study
focused on the suborder Gamasina Leach 1815, but the total abundance of the uropodids (Uropodina Kramer, 1882) was
also considered. It was found that the percentage of Gamasina mites among all mites was higher in the control forests
than in the polluted ecosystems, which was true for both polluted areas. Considering their ecological requirements,
their habitat preference, vertical distribution in the soil, and seasonal population changes were investigated. In polluted
biotopes, the Gamasina communities suffered from lower densities, fewer species and replacement of some species with
others. The analysis of the Gamasina species distribution in the control and polluted ecosystems suggests that some
species can be considered tolerant, such as certain representatives of Zerconidae, Parasitidae, Pachylaelapidae, Veigaiidae
etc.
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INTRODUCTION as soil quality bioindicators (Athias - Binche 1981,
Karg 1989, Parisi et al. 2005, Gulvik 2007, Gergdcs

Industry is currently considered as the most impor- and Hufnagel 2009).

tant source of air, soil and water pollution. In Eu-
rope, many scientific works have been dedicated
to the estimation of the effect induced by differ-
ent types of industrial pollution on the edaphic mi-
croarthropods, including the mites (Seniczak et al.
1997, 1999, Zaitsev et al. 2001, Seniczak et al. 2002,
Skubala and Kafel 2004, Khalil ef al. 2009; Santa-
maria et al. 2012), which have even been proposed
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Nowadays, Romania is affected by pollutants
from different sources such as cement plants, chem-
ical industries, from smelting of iron and steel, coal
mining and thermal power stations, from traffic, the
use of pesticides and fertilizers. The researches car-
ried out in some zones affected by industrial pollu-
tion were dedicated to the microartropod fauna in
general and some systematic and trophic groups in
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specific, at the species level being investigated only
for oribatids (Calugar et al. 1983, Vasiliu and Mi-
hailescu 1989, Vasiliu et al. 1995, Vasiliu and Ivan
1995, Ivan and Vasiliu 2009, Ivan and Vasiliu 2010).

This paper aims to highlight the effect exerted
by the pollution with cement powder on edaphic
Gamasina mites, which is the most important group
of predatory mites and most species found at the
end of the food chain. At the edaphic level, the ce-
ment industry plays a major role in the pollution.
The cement powder changes the habitat character-
istics by water retaining and substrate alkalinisa-
tion and thus alters the living conditions for the
soil mesofauna. Investigations were conducted in
two areas affected by this type of pollution, Cam-
pulung Muscel (southern Romania) and Tasca Bi-
caz (North-East Romania). The researches from
Taga Bicaz were performed under a 99 % reduction
of dust emissions by modernizing the dedusting
equipment used in the production processes, trans-
port and storage, as well as by introducing some
alternative fuels (such as tyres) in the production.
The results were compared to previous researches
developed at Campulung Muscel, focusing on orib-
atid mites (Ivan and Vasiliu 2010) and to similar re-
searches concerning both Oribatida and Gamasida
mites conducted in a pine forest in Poland (Seniczak
et al. 1999).

MATERIALS AND METHODS

The study is based on faunistic material collected
from soil of two types of forests: deciduous forests
at Campulung Muscel and coniferous forests at
Tasca Bicaz. For both types of forests several ecosys-
tems situated at different distances from the pollu-
tion source were considered in this study.

At Campulung Muscel the investigations in-
cluded the following plots:

— beech forest, about 100 years old, in the vicin-
ity of the locality Dragoslavele at 7 km away
from the cement factory (control plot) (CM-C);

— beech forest, about 100 years old, near
Namadesti locality at 1 km away from the ce-
ment factory (CM-P1 — medium polluted);
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— a grove of Corylus avellana, Crataegus mono-
gyna, Populus sp. etc. at approximately 300
m from the factory (CM-P2 - highly polluted).

The investigations were carried out in the vernal
and autumnal period of two successive years —
1998 and 1999. Thus, for plots CM-C and CM-P1
there were three sampling data (06/1998, 09/1998
and 06/1999) but only two for plot P2 (06/1998,
09/1998).

The investigations at Tasca Bicaz were carried
out in two successive months (06/2010 respectively
07/2010) in three coniferous forests, two of them be-
ing under the influence of a cement plant, and the
third one, the control, located beyond this zone:

— spruce, fir and beech forest, about 100 years
old (Secu — control plot) (TB-C) (46°51'N
26°02'E);

— spruce forest, about 70-80 years old ( Floarea —
medium polluted) (TB-P1) (46°53'N 26°01'E);

— spruce and pine forest, about 35-40 years old
(Neagra — highly polluted) (TB-P2) (46°54'N
26°02’E).

The two polluted plots were located on the oppo-
site sides bordering the depression in which the in-
dustrial objective was nestled. Neagra was situated
about 800 m away from the factory on a slope in di-
rection of the prevailing wind.

The samples of 100 cm? area and a depth of 5
cm each were taken in every stand from the organic
horizon of the soil at two different levels — the su-
perficial, litter and fermentation sub-horizon (olf),
and the deep, humiferous one (oh). In the case of
the grove they were taken from only one level, the
holorganic layer, and only at Secu they were taken
from three layers, litter (ol), fermentation (of), and
the humiferous layer (oh).

The fauna was extracted from the soil samples
by the selective method of Tullgren — Berlese mod-
ified by Balogh (Balogh, 1958). The adult mites
from Gamasina Leach, 1815 were determined to the
species level, or to genera in case of juveniles or
when specific characters of the adults were hard to
define.
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The analysis of the Gamasina communities’
structure was based on the analytical ecological in-
dices such as the average abundance of each species
(@), and their relative density (D. r.) expressed in the
classes I (subrecedent under 1 %), II (recedent 1.1 —
2 %); Il (subdominant 2.1 -5 %), IV (dominant 5.1 —
10 %), and V (eudominant over 10 %) (Rajski, 1961).

The Gamasina taxocoenoses were also charac-
terized by the following parameters: global aver-
age abundance (A), expressed as individuals/100
cm?, number of species (S) and the average number
of species/sample (S mean), expressing the species
richness and their distribution. Additionally, the
percentage of individuals out of the whole number
identified in the litter and fermentation sub-horizon
(olf), which reflects the vertical distribution of the
individuals, and the representation (R %) (Miiller et
al. 1978), i.e. the percentage of individuals belong-
ing to a certain species, found in each stand, relative
to the total number of individuals recorded in a se-
ries of investigated ecosystems, were calculated.

In order to obtain more accurate and compa-
rable data the mean (Amean) Of the average abun-
dances of the sampling periods was calculated. In
the Campulung Muscel area the mean abundance
was counted for P2 from the average abundances of
the two sampling periods, while for C and P1 firstly
the mean of the average abundances in spring was
counted, resulting in "mean spring". Then Amean
was calculated from the "mean spring" and the av-
erage abundance registered in autumn. In Tasca Bi-
caz, Amean resulted from the average abundances in
the two sampling periods.

To compare the similarity of the plots, the
Serensen index, also known as Serensen’s similar-
ity coefficient, was calculated too.

RESULTS AND DISCUSSIONS

At Campulung Muscel, previous investigations
showed that in the control plot (Dragoslavele) the
organic horizon was slightly acidic (pH 6.3 in olf,
6.16 in oh), while in the polluted forest (Namadesti)
it was slightly alkaline (pH 7.41 in olf , 7.65 in oh)
(Ivan and Vasiliu 2010). In the Tasca Bicaz area, in
the Secu and Neagra plots, the same characteristics
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were evident, namely a slight acidity in the control
plot (pH 6.3 in ol and of, and 6.4 in oh) and alka-
linity in the plot influenced by the cement powder
(pH 8.2 in ol, 8.3 in of and 8.6 in oh) (Vasiliu and
Ivan 1995).

Within the Gamasida, the identification to the
species level was only carried out for the Gamasina.
Uropodid mites were considered on the whole, as
part of the total mites found. In general, in the anal-
ysed ecosystems the percentage of Uropodina mites
was lower than that of Gamasina mites, with only
one exception in the TB-C plot in June. The disap-
pearance of uropodid mites in the polluted ecosys-
tems was noticed (Figure 1).

The relative proportion of the Gamasina mites
among the found Acari varied both from one sea-
son to another and from one year to another, as well
as in control versus polluted plots. At Campulung
Muscel in the control plot, the share of Gamasina
was higher in autumn, which is a normal situation
in the case of deciduous forests, while in the pol-
luted plots it was higher in spring (Table 1). In the
Bicaz area the proportion of Gamasina mites among
all mites was higher in July compared to June, both
in the control and polluted plots. However, there
was no clear link between pollution and the relative
proportion of Gamasina mites.

The estimation of the global average density
of the Gamasina mite populations at Campulung
Muscel indicated lower densities in the polluted
plots than in the control (approximately 3 to 5 times
lower in June 1998, 2 to 72 times lower in Septem-
ber 1998 and approximately 11 times lower in June
1999). The highest abundance was found at the con-
trol plot in autumn, a normal situation for decid-
uous forests, while at P1 the abundance was the
lowest in September. In CM-P2 the autumnal abun-
dance was higher than the vernal abundance, which
was similar to the control plot. In the Bicaz region
the highest abundance was observed in the control
plot in July (almost 27 times lower than in CM-P1
and 4.3 times lower than in CM-P2) (Table 1).

The number of species was lower in the polluted
plots than in the control, especially when consider-
ing the average number of species per sample. We
noticed an exception in the Tasca Bicaz zone in June,
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FIGURE 1: Ratio (%) Uropodina/Gamasina in the control (C) and polluted (P) forest stands at Campulung Muscel (CM) and Tasca Bicaz
(TB).

TABLE 1: Parameters of the Gamasina mites’ communities in the control and polluted forest stands (C — control, P - polluted). A —average
abundance of the adult individuals/100 cm?; S — number of species; Smean — average of number of species; A/] — adults-immatures
ratio; olf — holorganic layer; SD — standard deviation

Studied area Date Forest stands A +SD S SmeantSD % ind. in olf A/l % from Acari
Campulung Muscel (CM) 06.1998 cM-C 33.20 +7.80 17 10.6+3.13 8433 3.45 5.60
CM-P1 1220 £ 6.50 17 6217 50.79 30.50 14.20
M2 7.40 8.97 7 24272 * - 10.32
09.1998 cM-C 43.40 £20.01 25 13.2+2.03 78.44 3.15 9.04
CM-P1 0.60 +0.80 3 0.4+0.48 33.33 8.00 115
CM-P2 23.00 +23.93 17 52+46 * 9.58 8.23
06.1999 cM-C 19.20:£5.70 13 8.60 +2.70 61.20 4.80 410
CM-P1 1.80 £ 1.60 7 1.40£1.20 77.77 - 2.29
Tasca Bicaz (TB) 06.2010 TB-C 2.60£2.57 5 1.20:+0.74 9230 433 3.20
TB-P1 6.60:+7.45 9 240149 90.90 471 461
TB-P2 3.80 £4.95 4 1.40+1.35 100.00 19.00 5.89
07.2010 TB-C 69.00 + 38.86 25 69+38.86 68.20 2.34 33.89
TB-P1 2.60 +2.80 8 2.20+2.30 23.07 2.60 6.29
TB-P2 16.0 +20.43 11 3.80:+3.24 62.50 5.33 19.26
where in the medium polluted forest the number number of species in total, independent of the sam-
of species was approximately 2 times higher than pling periods, was approximately 1.5 to 1.7 times
in the control (Table 1). At Campulung Muscel the lower in the polluted ecosystems than in the con-
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TABLE 2: List of Gamasina species with their abundances (Amean = mean of the average abundances of the sampling periods) and rela-
tive densities (I-V) in the studied plots (CM — Campulung Muscel; TB — Tasca Bicaz; C — control, P — polluted). I - subrecedent (under
1 %), II - recedent (1.1 — 2 %), Il — subdominant (2.1 - 5 %), IV — dominant (5.1 — 10 %), and V — eudominant (over 10 %).

Forest stands

Species

CM-C CM-P1  CM-P2 TB-C TB-P1 TB-P2
Veigaia nemorensis (C. L. Koch, 1839) 0.6/11 0.1/111 0.7/111 8.0/V 0.3/IV 0.7/1IV
Prozercon trigirdhi (Halbert, 1923) 1.25/111 0.15/11 0.2/11 0.6/11 0.1/111 -
Prozercon carsticus Halaskova, 1963 3.85/V 0.05/111 4.3/V 2.9/IV - 0.8/1V
Epicrius tauricus Bregetova, 1977 0.25/1 0.1/111 - 1.7/111 - 0.1/1
Prozercon plumosus Calugar, 2004 3.6/IV 0.4/V 1/1 0.1/1 - -
Olopachys suecicus Sellnick, 1950 0.35/1 0.6/IV - - 0.1/II 0.1/1
Asca aphidioides (Linné, 1758) - - 2/V 0.2/ 0.8/V 0.5/111
Pergamasus beklemischevi Sellnick, 1929 - - 0.5/111 0.2/1 0.2/111 0.4/111
Zercon hungaricus Sellnick, 1958 3.85/V 0.1/111 0.9/1V - - -
Leptogamasus sp. 2 2.8/IV 0.4/V 2.7/V - - -
Veigaia exigua (Berlese, 1916) 1.0/1 0.1/111 0.4/111 - - -
Prozercon fimbriatus (C.L. Koch, 1839) 5.0/V 0.55/11 - 1.8/111 - -
Hypoaspis aculeifer (Canestrini, 1883) 1.7/111 0.05/11 - 0.7/11 - -
Leptogamasus sp. 1 2.4/111 0.35/V - - - -
Pergamasus sp. 2 1.7/11 0.1/11 - - - -
Olopachys sp. 1 0.2/1 0.2/1I1 - - - -
Macrocheles sp. 0.25/1 0.05/11 - - - -
Rhodacarus roseus Oudemans, 1902 0.3/1 0.05/11 - - - -
Pseudolaelaps doderoi (Berlese, 1910) 0.1/1 - 0.5/111 - - -
Zercon romagniolus Sellnick, 1944 0.3/1 - - 2.4/IV - -
Pergamasus sp. 3 - 0.1/111 0.2/11 - - -
Pachyseius humeralis Berlese, 1910 - 0.05/11 - 0.2/1 - -
Holoparasitus calcaratus (Berlese, 1904) - - 0.1/1 - 0.2/III
Paragamasus sp. - - - 2.1/IV 0.1/III 4.1/V
Lysigamasus lapponicus ( Tragardh, 1910) - - - 0.1/11 0.1/111 -
Leioseius bicolor ( Berlese, 1948) - - - - 0.3/IV 0.1/1
Leitneria granulata (Halbert, 1923). 1.2/111 - - - - -
Pergamasus sp. 1 1.0/1IT - - - - -
Veigaia sp. 1 0.2/IIT - - - - -
Holoparasitus caesus Micherdzinski, 1969 0.55/11 - - - - -
Geholaspis  sp. 0.6/1 - - - - -
Pachydellus ivanovi (Koroleva, 1977) 0.4/1 - - - - -
Arctoseius sp. 1 0.2/1 - - - - -
Pergamasus cf. primorellus 0.2/1 - - - - -
Rhodacarellus silesiacus Willmann, 1936 0.2/1 - - - - -
Prozercon kochi Sellnick 1943 0.1/1 - - - - -
Amblyseius sp. 1 0.111 - - - - -
Pergamasus cf. vagabundus 0.25/1 - - - - -
Pseudolaelaps sp. 0.15/11 - - - - -
Pachydellus furcifer (Oudemans, 1903) 0.05/1 - - - - -
Mixozercon sellnicki (Schweizer, 1948) 0.05/1 - - - - -
Parasitus sp. 1 (only juveniles) 0.05/1 - - - - -
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TABLE 2: Continued.

Species

CM-C

CM-P1

Forest stands

CM-P2

TB-C

TB-P1

TB-P2

Olopachys sp. 2

Arctoseius sp. 2

Dendrolelaps sp.

Zercon cf. peltatus pelatatoides

Veigaia sp. 2

Eviphis sp.

Amblyseius sp. 2

Pachydellus sp.1

Cheiroseius sp.

Amblyseius sp. 3

Prozercon trigirdhisimilis Solomon, 1984
Zercon montigenus Blaszak, 1972
Olopachys vysotskajae Koroleva, 1976
Zercon moldavicus Calugdr, 1987
Leptogamasus sp. 3

Macrocheles sp. 2

Epicrius canestrinii (Haller, 1881)
Punctodendrolaelaps sp.

Leptogamasus sp. 4

Holoparasitus sp.

Pachydellus sculptus Berlese, 1920.
Zercon sp.

Leioseius montanulus Hirschmann, 1963
Parasitus sp. 2 (only juveniles)
Hypoaspis vacua (Michael, 1891)
Paragarmania dendriticus (Berlese, 1918)
Ololaelaps sellnicki Bregetova et Koroleva, 1964
Ololaelaps placentula (Berlese, 1887)
Hypoaspis procera Karg, 1965
Amblyseius sp. 4

Veigaia cervus (Kramer, 1876)
Leptogamasus sp. 5

Pachydaellus sp. 2

Leptogamasus cf. calicrus

Hypoaspis austriacus (Sellnick, 1935).

0.15 /111
0.05/11
0.05/11
0.05/11

0.3/111
0.4/111

0.26 /11
0.2/1I
0.1/1I
0.2/11
0.1/11
0.1/1

6.4/V
1.9/1v
1.9/1V
1.7/11
1.0/1I1
0.5/I1
0.4/11
0.4/11
0.4/1
0.2/1
0.1/1
0.1/1

1.5/V
0.3/IV
0.2/11I1
0.1/1I
0.1/111
0.1/111
0.1/11I

1.2/V
0.6/IV
0.4/111
0.2/11
0.1/11
0.1/1

Species number
A ean total

34
34.8

22
3.8

20
15.16

25
35.8

16
4.6

14
9.9
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TABLE 3: Share (%) of dominance groups in studied plots (CM — Campulung Muscel; TB - Tagca Bicaz; C — control, P — polluted). I -
subrecedent (under 1 %), IT — recedent (1.1 — 2 %), IIl — subdominant (2.1 -5 %), IV — dominant (5.1 — 10%), and V — eudominant (over

10 %).
AREA-PLOT I1+1I III IV+V

CM-C 65 21 15
CM-P1 46 36 18
CM-P2 50 30 20

TB-C 56 16 28
TB-P1 6 63 31
TB-P2 43 21 36

TABLE 4: The Serensen’s similarity coefficients of the studied plots (CM — Campulung Muscel; TB — Tasca Bicaz; C - control, P - polluted).

Plots CM-C CM-P1 CM-P2 TB-C TB-P1 TB-P2
CM-C 100 57.14 29.62 27.11 12 12.5
CM-P1 57.14 100 47.61 34.04 15.78 22.22
CM-P2 29.62 47.61 100 26.66 27.77 23.52

TB-C 27.11 34.04 26.66 100 29.26 30.76
TB-P1 12 15.78 27.77 29.26 100 40
TB-P2 12.5 22.22 23.52 30.76 40 100

trol. A similar situation was found at Tasca Bicaz,
where the number of species in the polluted plots
was approximately 1.5 to 1.7 times lower than that
in the control plot (Table 2).

Analysis of the vertical distribution of the mites
revealed that Gamasina mites mainly populated the
superficial sub-horizon, which is the usual habitat
for these hemi-edaphic mites. However, there were
two exceptions in CM-P1 plot in September and
TB-P2 in July, when 67 % and 77 %, respectively,
were found in the deep humiferous sub- horizon
(Table 1). Regarding the life-stage structure, the ra-
tio of adults to juveniles was higher in the polluted
ecosystems than in the control plot (Table 1).

In the two investigated areas 77 species were
identified in total, of which approximately 64 % oc-
curred in the Campulung Muscel area and about
53 % occurred in the Tasca Bicaz area. About 17
% of species were found to be common in the two
studied areas and among these, only one species,
i.e. the ubiquitous Veigaia nemorensis, was common
in all analyzed plots (Table 2). In both studied ar-
eas, some species were recorded in both the control
and polluted plots. Other species were exclusively
found either in the control or in the polluted plots.
At Campulung Muscel, 35 % of the species were

identified in both the control and polluted plots, 35
% were only present in the control and 30 % only
in the polluted plots. At Bicaz, 20 % of the species
were common at both control and polluted plots, 41
% were only recorded in the control plot and 39 %
only in the polluted plots (Table 2).

The general dominance structure of the
Gamasina mite communities in the Campulung
Muscel area was similar in all plots (Table 3). Rece-
dent and subrecedent species were the most nu-
merous followed by subdominant, dominant and
eudominant species. On the other hand, in the con-
trol plot of Tasca Bicaz there was a predominance
of subrecedent and recedent species, followed by
the dominant, eudominant and subdominant ones.
In the highly polluted ecosystem of Neagra the sit-
uation was similar: the subrecedent and recedent
species were in the first place, followed by the dom-
inant, eudominant and subdominant species. At
the medium polluted plot of Floarea, subdominant
species were followed by dominant, eudominant
and then by recedent and subrecedent species (Ta-
bles 2, 3).

The specific composition of the Gamasina mite
communities from the six plots was compared by
the Sorensen similarity index (Table 4). The high-
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TABLE 5: Representation (%) of the dominant and eudominant species in the control and affected forest ecosystems at Campulung

Muscel (CM) zone (C - control, P — polluted).

Species CM-C CM-P1 CM-P2

Prozercon fimbriatus 88 12 -
Zercon hungaricus 82 2 16
Prozercon plumosus 74 14 13
Leptogamasus sp. 1 78 22 -
Prozercon carsticus 47 2 51
Leptogamasus sp. 2 45 9 46
Olopachys suecicus 45 55 -
Asca aphidioides - - 100
Zercon romagnolus 11 -

TABLE 6: Representation (%) of the dominant and eudominant species in the control and affected forest ecosystems at Tasca Bicaz (TB
P P Y g

zone (C — control, P - polluted).

Species TB-C TB-P1 TB-P2
Zercon montigenus 100 - -
Zercon romagnolus 100 - -
Olopachys vysotskajae 100 - -
Prozercon trigirdhisimilis 100 - -
Veigaia nemorensis 88.9 3.33 7.77
Prozercon carsticus 78.37 - 21.63
Paragamasus sp. 33.33 1.58 65.07
Asca aphidioides 13.33 53.33 33.33
Leioseius montanulus - 100 -
Leioseius bicolor - 75 25
Veigaia cervus - - 100
Amblyseius sp. 4 - - 100

est similarity ( 57 %) was found between forests of
the same type from the same geographic area (beech
control forest from Dragoslavele and polluted beech
forest from Néamdesti). A relatively high similar-
ity ( 40 %) was also found in the polluted forests at
Tasca Bicaz. The similarity index was lower (<30 %)
between the control forests of different geographic
areas (Dragoslavele and Secu), although both were
secular forests with Fagus silvatica as main compo-
nent. Less than 30 % similarity was also determined
for the polluted forests from the two zones Cam-
pulung Muscel and Tasca Bicaz. Thus, these re-
sults suggest that the composition of the Gamasina
mite communities is more strongly influenced by
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the complex bio-pedo-climatic zonal or stationary
factors such as vegetation, type of soil, pH values,
exposure etc. than the degree of pollution.

The representation analysis of the dominant and
eudominant species revealed three categories of
species: (1) species with high or exclusive repre-
sentation in control plots (over 80 % of the to-
tal number of individuals found here), (2) tolerant
species found in both control and polluted plots
with similar representation or with lower represen-
tation in polluted plots, and (3) species that are pos-
sible bio-indicators, preponderantly or exclusively
found in polluted plots (Tables 5, 6). For the first
category, we found in the Campulung Muscel area
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two species with the highest representation in the
control plot (Prozercon fimbriatus, Zercon hungari-
cus), which could be considered exigent species, i.e.
species sensitive to changes in the edaphic envi-
ronment (especially toward pH). In the category of
tolerant species, Prozercon plumosus, Leptogamasus
sp. 1, Prozercon carsticus, Leptogamasus sp. 2 and
Olopachys suecicus could be included. Asca aphid-
ioides could be considered as a bio-indicator because
it was found with 100 % representation in CM-P2.
It was also found in all plots of the Bicaz area but
with the highest representation in the polluted plots
(Tables 5, 6). According to the results obtained for
the Tasca-Bicaz area, the species that are very sen-
sitive to environmental changes are Zercon monti-
genus, Zercon romagniolus, Prozercon trigardhisimilis
and Olopachys vysotskajae with 100 % representa-
tion in TB-C. Veigaia nemorensis, albeit highly rep-
resented in the control plot, is considered an ubig-
uitous species (Bregetova 1977, Karg 1993, Salmane
and Brumelis 2010). Paragamasus sp. and Prozercon
carsticus could be considered as tolerant species. In
the third category, the presumed bio-indicators, we
found Leioseius montanulus, Leioseius bicolor, Veigaia
cervus and Amblyseius sp. 4.

Seniczak et al. (1999), also quoted by Ivan
and Vasiliu (2010), evidenced in their work con-
cerning soil pollution with cement powder that an
increasing soil pH influences the functional rela-
tions amongst the groups of organisms involved
in the decomposition of the organic matter. They
found that the density of soil Acari — Oribatida
and Gamasida — was significantly lower in the
highly contaminated plot than in the control plot.
These results are consistent with the results ob-
tained at Campulung Muscel and Tasca Bicaz ar-
eas by Vasiliu and Ivan (1995) and Ivan and Vasiliu
(2010) and partly with the results from our study.
Thus, previous investigations showed that the den-
sities of edaphic microarthropods decrease in pol-
luted forests. Within the edaphic mesofauna, ori-
batid mites showed a special response to soil pol-
luted by cement dust. In the affected forests, their
population densities, species number and diversity
significantly decreased. Similarly, Vasiliu and Ivan
(1995) found that Gamasida mites were less abun-
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dant in polluted plots than in the control.

Concerning Gamasina mites from Campulung
Muscel area studied in 1998 and 1999 we no-
ticed that the mean abundances and the number of
species in the polluted plots were lower than in the
control plot. However, an unexpected situation was
found in the autumn season in the case of the com-
munities from the plot closest to the factory. The
grove located in the vicinity of the plant, CM-P2,
was exposed to the highest pollution but the pollu-
tion effects on the species number and abundance
were less evident, being only about 1.5 to 2 times
lower in the polluted plot than in the control plot.
Compared to the less polluted forest from Namaesti
(CM-P1), the number of species and the density
were approximately 6 and 38 times, respectively,
higher. Also, at Tagca Bicaz in June, an unexpected
situation was found: the abundance and the num-
ber of species of the gamasid mites was higher in
the polluted forests than in the control plot. Regard-
ing the mites in young Scots pine forests affected
by pollution of cement dust, Seniczak ef al. (1999)
observed higher population densities in the most
polluted plots as compared to the medium polluted
ones, which was similar to the situation in autumn
at Campulung Muscel of our study. These authors
suggested that, to a certain degree, the soil protects
the mites against alkaline deposition. Additionally,
they found that in the contaminated plots the num-
ber of species of soil Oribatida and Gamasida was
lower than in the control plot, except in the least
contaminated plot where the number of gamasid
species was higher than in the control plot, as we
observed at Tasca Bicaz in June. It could be that a
slight contamination stimulates, to a certain degree,
some characteristics of mite communities, but this
needs further verification.

In the Bicaz area, the present study and that
by Vasiliu and Ivan (1995) revealed that in con-
trol forests uropodid mites were represented with
a higher proportion than in polluted plots. At
Secu, uropodid mites made up 35 % from the to-
tal of Gamasida mites but only 0,038 % in the pol-
luted plot from Neagra. Uropodid mites are con-
sidered particularly sensitive and thus good bio-
indicators of environmental changes (Athias-Binche
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1981, Karg 1989, Gulvik 2007). This was also ev-
ident in our results and those of Vasiliu and Ivan
(1995). In our study, uropodid mites were con-
stantly present in the control plots, where they rep-
resented 69 % from the Gamasida mites, while they
represented only 0.53 % at the highly polluted plot
Neagra. In the medium polluted Floarea plot, large
fluctuations from one season to another were no-
ticed. Here, the uropodid mites were well repre-
sented in June (almost 40 % from Gamasida) but
were absent from the samples in July, suggesting
poor stability of their communities. Additionally,
the presence of uropodid mites in the polluted plots
could reflect the improvement of the conditions in
the edaphic environment following the measures
against pollution during the last decade, i.e. being
in an incipient stage of the soil recovery process.
However, it is impossible to interpret the develop-
ment of the polluted ecosystems only on the base of
the presented data. This study needs to be followed
by further researches yielding more and more com-
plete data with respect to the abiotic and biotic con-
ditions, and if possible also from other zones or
ecosystems under similar pollution conditions.

ACKNOWLEDGEMENTS

This study was developed and financed within
two projects held between 1997-2000 at Campulung
Muscel and in 2010 at Bicaz zone. The author is
grateful to Dr. Otilia Ivan from the Institute of Bi-
ological Researches of Iasi for useful comments and
suggestions on an earlier version of the manuscript.
Also, the author is grateful to the anonymous re-
viewers and to Dr. Peter Schausberger from the
University of Natural Resources and Life Sciences
of Vienna who contributed by their pertinent com-
ments and suggestions for improving the quality of
the article.

REFERENCES

Athias-Binche F. 1981 — Fcologie des Uropodides
edaphiques (Arachnides: Parasitiformes) de trois
écosystémes forestiers. 1. Introduction, matériel, bi-
ologie — Vie et milieu 31: 137-147.

Balogh J. 1958 — Lebensgemeinschaften der Landtiere —
Berlin: Akademie-Verlag, pp. 560.

160

Bregetova N. G. et al. 1977 — Opredeliteli obitaiuScih
v pocive klescei (Mesostigmata) — Leningrad: Izd.
Nauka, pp. 717.

Célugar M., Bulimar F,, Vasiliu N., Hutu M. 1983 — Efec-
tul poludrii chimice asupra populatiilor de oribatide
(Acarina) si colembole (Insecta) (The effect of chemical
pollution on the oribatid mites (Acarina) and collem-
bolans (Insecta) populations) — St. Cerc. Biol., ser.
Biol. Anim. 35(2): 136-147.

Gergoéces V., Hufnagel L. 2009 — Application of oribatid
mites as indicators (review) —Appl. Ecol. Environ.
Res. 7(1): 79-98.

Gulvik M. 2007 — Mites (Acari) as indicators of soil bio-
diversity and land use monitoring: a review — Polish
J. Ecol. 55 (3): 415-440.

Ivan O., Vasiliu N. 2010 — Influence of the pollution with
cement dust on the oribatid communities (Acari, Ori-
batida) in forest soils from Campulung Muscel zone
(Romania), Papers of the XIX National Conference of
Soil Science — Lucrdri Stiintifice, seria Agronomie,
vol. 53 (3), Iasi: 186-192.

Karg W. 1989 — Acari (Acarina), Milben Unterordnung
Parasitiformes (Anactinochaeta) Uropodina Kramer,
Schildkrotenmilben. Die Tierwelt Deutschlands, Teil
67 — Jena: Gustav Fischer Verlag, pp. 203.

Karg W. 1993 — Acari (Acarina), Milben Parasitiformes
(Anactinochaeta) Cohors Gamasina Leach. Raubmil-
ben, 2. Auflage — Jena: Gustav Fischer Verlag, pp.
524.

Khalil M.A., Janssens TK.S., Berg M.P, van Straalen
N.M. 2009 — Identification of metal-responsive orib-
atid mites in a comparative survey of polluted soils —
Pedobiologia, 52: 207-221.

Masén P. 2003 — Macrochelid mites of Slovakia (Acari,
Mesostigmata, Macrochelidae) — Bratislava: Institute
of Zoology, Slovak Academy of Sciences, pp. 149.

Masgan P, Fend’a P. 2004 — Zerconid mites of Slovakia
(Acari, Mesostigmata, Zerconidae) — Bratislava: In-
stitute of Zoology, Slovak Academy of Sciences, pp.
238.

Masén P. 2007 — A review of the family Pachylaelapti-
dae in Slovakia, with systematics and ecology of Eu-
ropean species (Acari: Mesostigmata: Eviphidoidea)
— Bratislava: Institute of Zoology, Slovak Academy
of Sciences, pp. 247.

Miiller H. J., Bahrmann R., Heinrich W., Marstaller R.,
Achaller G., Witsack W. 1978 — Zur Strukuranalyse
der epigédischen Arthropodenfauna einer Rasenkatena
durch Kescherfange — Zool. Jb. Syst., 105: 131-184.

Parisi V., Menta C., Gardi C., Jacomini C., and Mozzanica
E. 2005 — Microarthropod communities as a tool to
assess soil quality and biodiversity: a new approach



Schausberger, P. (ed.) Acari in a Changing World: Proceedings of the 7" Symposium of EURAAC, Vienna, 2012

in Italy — Agric. Ecosyst. Environ. 105: 323-333.
doi:10.1016/j.agee.2004.02.002

Rajski A. 1961- Studium ekologiczno-faunistyczne nad
mechowcami (Acari, Oribatei) w kilku zespotach
rodlinnych. I - Ekologia. Poznan: Panistwowe
Wydawnictwo Naukowe, pp. 160.

Salmane I., Brumelis G. 2010 — Species list and habi-
tat preference of Mesostigmata mites (Acari, Parasiti-
formes) in Latvia — Acarologia 50(3): 373-394.

Santamaria J.M., Moraza M.L., Elustondo D., Baquero E.,
Jordana R., Lasheras E., Bermejo R., Arifio A.H. 2012
— Diversity of Acari and Collembola along a pollution
gradient in soils of a pre-Pyrenean forest ecosystem -
Environ. Eng. Manag. J., 11 (6): 1159-1169.

Seniczak S., Klimek A., Gackowski G., Kacmarek S., Za-
lewski W. 1997 — Effect of copper smelting air pollu-
tion on the mites (Acari) associated with young Scots
pine forests polluted by a copper smelting works at
Glogow, Poland. II — Soil mites. Water Air Soil Pol-
lut., 97: 287-302. doi:10.1007 /BF02407467

Seniczak S., Dabrowski J., Klimek A., Kaczmarek S.
1999 — Effect of alkaline deposition on the mites
(Acari) associated with young Scots pine forests in
Poland. Water Air Soil Pollut., 109: 407-428.
doi:10.1023/ A:1005050410966

Seniczak S., Kaczmarek S., Klimek A., Seniczak A. 2002
— The effect of some air pollutants on the verticaldis-
tribution of mites (Acari) in soils of young Scots pine
forests in Poland — Eur. J]. Soil Biol., 38: 311-314.
doi:10.1016/51164-5563(02)01165-2

Skubala P, Kafel A., 2004 - Oribatid mite communi-
ties and metal bioaccumulation in oribatid species

Acarologia 53(2): 151-161 (2013)

(Acari, Oribatida) along the heavy metal gradient in
forest ecosystems — Environ. Pollut., 132: 51-60.
doi:10.1016/j.envpol.2004.03.025

Vasiliu N., Mihailescu, A. 1989 — Oribatide (Acarina, Ori-
batida) bioindicatori ai poluarii solurilor forestiere cu
metale grele, dioxid de sulf si negru de fum (Oribatid
mites (Acarina, Oribatida) - bioindicators of the forest
soil pollution with heavy metals, sulphur dioxide, and
carbon black) — Ann. ICPA, 50: 287-301.

Vasiliu N., Ivan O. 1995 — L'effet des poudres de ciment
sur les communatés d’Oribates de I’horizon organique
des sols forestiers — Anuarul Muz. Nat. al Bucovinei,
Suceava, fasc. St. nat., 13: 33-43.

Vasiliu N., Ivan O., Dumitru M. 1995 — Edaphic arthro-
pods as bioindicators of agricultural soil pollution
with heavy metals and fluorine — Soil Science, 29(2):
81-90.

Zaitsev A.S., van Straalen N.M. 2001 — Species diversity
and metal accumulation in oribatid mites (Acari, Ori-
batida) of forests affected by a metallurgical plant —
Pedobiologia, 45: 467-479.

COPYRIGHT

Calugdr A. Acarologia is under free license.
This open-access article is distributed under the terms of
the Creative Commons-BY-NC-ND which permits unre-
stricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original author and
source are credited.

161


http://dx.doi.org/doi:10.1016/j.agee.2004.02.002
http://dx.doi.org/doi:10.1007/BF02407467
http://dx.doi.org/doi:10.1023/A:1005050410966
http://dx.doi.org/doi:10.1016/S1164-5563(02)01165-2
http://dx.doi.org/doi:10.1016/j.envpol.2004.03.025

