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Abstract

Soil mites have been used as bioindicators at local, regional or even at national scales. The present study demonstrated
that soil microhabitats are characterised by different structural patterns of soil mite populations. This study was
conducted in August 2021, in two types of grassland ecosystems (intensely grazed and moderately grazed with sheep) in
the Fagaras Mountains- Romania. At the local spatial scale, 10 transects were established in each grassland. In total 200
soil samples were analysed, revealing the presence of 33 soil mite species, with 93 individuals. Dominant species were
Gaeolaelaps nolli and Gaeolaelaps aculeifer. The population characteristics were analysed for each transect and each
grassland, using the following indices: taxa diversity, numerical abundance, dominance, evenness, equitability, Shannon-
Wiener index of diversity, Bray-Curtis index of Similarity. Making a comparison, in the moderately grazed grassland the
species diversity and the numerical density were higher than those from intensely grazed ecosystem.
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INTRODUCTION

Grasslands represent one of the most important
ecosystems in the world (Vannoppen et al.,
2023). This type of ecosystem is involved in soil
formation, erosion control, storage of
atmospheric ~ carbon,  nutrient  cycling,
biodiversity support and food provision. At the
same time it provides a habitat for plants and
invertebrates, including soil invertebrates. The
main threats to grassland ecosystems are:
conversion of native grassland areas to crops and
introduced pasture, clearing of native grassland
for urban expansion, invasion by exotic plants,
overgrazing, soil and habitat disturbance by
vehicles, rock removal or rock crushing
operations, changes in agricultural practices,
poor management of remnant grassland areas,
climate change and abandonment of traditional
forms of land use. Most of the grassland in the
temperate-climate zone in Central and Western
Europe developed as a result of human activity
and can be considered as semi-natural habitats
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(Szczgch et al., 2023). Predatory mites are one
of the most common and abundant invertebrate
groups in soil. They are very sensitive to any
environmental disturbance such as the highly
intensive grazing of grasslands. Overgrazing
decreases the vegetation cover, increases
erosion, compacts the soil, and creates
favourable conditions for invasive species.
Overgrazing influences the proprieties of soil,
including its biological activity (Kairis et al.,
2015; Manu et al., 2023). There are abundant
studies regarding the characteristic structure of
predatory soil mites from different type of
ecosystem all over the Europe, especially as part
of monitoring programmes (Gardi et al., 2009;
Dirilgen et al., 2016; Arjen de Groot et al., 2016;
Griffiths et al., 2016).

All these studies were made at a large spatial
scale, even as great as the European scale, but
taking into account the local scales. Based on
soil fauna, including the mites, some
bioindicators have been selected, taking into
account the land use type of ecosystems,



climatic zones, and different types of treatments
(Gardi et al., 2009; Griffiths et al., 2016). A very
complex study made in ten European countries,
belonging to four bio-climatic zones (Alpine,
Atlantic, Continental and Mediterranean) and 3
land uses (arable, grassland and forestry)
demonstrated that these two variables had a
significant effect on soil mite communities
(Griffiths et al.,, 2016). Within and between
climatic zones, we consider many climatic
variables (temperature, humidity, precipitation,
wind, etc), and especially those that influence
the soil substrate (for soil fauna) at European,
national, regional or local scale. Land use type
refers to the relationship between people and the
land. On the one hand, the edaphic fauna is
influenced by the physical and chemical pro-
perties of soil, whilst on the other hand,
according to the Burton et al., 2022, “soils are a
fundamental determinant of plant communities,
with soil biota being linked to them directly
through symbiosis and herbivory, and indirectly
via decomposition and nutrient cycling”. These
influences are more obvious at the local scale or
even at the level of microhabitats (Arjen de
Groot et al., 2016; Chiriac et al., 2022; Manu et
al.,2022; 2023). Thus, the main objectives of the
research were to characterise the structures of
the soil mite communities at the local scale from
two grasslands, considering their management
types (moderately and intensively grazed eco-
systems) and the vegetation cover of the samples.

MATERIALS AND METHODS

Study areas

The research was carried out in the Fagarag
Mountains, Romania, which have the status of a
protected area under the European ecological
network Natura 2000. The study was made in
August 2021, in two types of alpine grasslands:
Galbena grassland- moderately grazed by sheep
and Vemesoaia grassland - intensely grazed by
sheep (Figure 1) (Manu et al., 2023). The
complete description of the abiotic (soil)
parameters in these investigated areas was
presented by Chiriac et al., in 2022.

The Galbena moderately grazed grassland is
located at 45°37°47.8"N, 024°23°57.9’E at 1710
m altitude, on a slope of 15°-20° and with a West
exposure. The soil type is dystric lithosol and
humbric-lithic regosol. The vegetation was
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dominated by Nardus stricta (11.99%), Festuca
rubra (16.62%), Agrostis capillaris (17.15%)
and Vaccinium myrtillus (28.61%).

The Vemesoaia intensively grazed grassland is
situated at 45°32°44.7”N, 024°26°30.6’E at 1747
m altitude, on a slope of 15° and with a South
exposure. The soil type is dystric-lithic regosol.
The vegetation was dominated by Nardus stricta
(11.68%), Festuca rubra (21.75%), Agrostis
capillaris (12.11%) and Vaccinium myrtillus
(2.74%).

In terms of vegetation type, the two grasslands
belongs to the dominant association Violo
declinatae —Nardetum Simon 1966, equivalent
to the Romanian habitat R3609 South-east
Carpathian grasslands with Nardus stricta and
Viola declinata (Donita et al., 2005).

In order to evaluate the structure of predator soil
mite populations at the local scale, ten
lines/transects, each of 100 m, were established
in each grassland (line 1 to line 10). The distance
between each line was 20 metres. On each line
10 soil samples were taken at a spacing between
samples of 10 metres (Figure 1).

Soil fauna sampling

In total, 200 soil samples were collected, with a
Macfadyen soil core (diameter of 5 cm), at 10
cm depth (Macfadyen 1953; 1961). In each
grassland, 100 soil samples were taken (10
samples on 10 lines or transects). The mites were
extracted for 10-14 days using the Berlese-
Tullgren method, using natural light and heat
(Berlese, 1905; Tullgren, 1917; Southwood,
1966; Southwood & Henderson, 2000; Krantz &
Walter, 2009). Due to the high number of
samples collected from the field (200) and to the
limited number of samples which could be
sorted at one time (75 samples), some samples
were kept in a refrigerator (at 4°C) until the next
extraction (14 days) (Manu & Honciuc, 2010).
Taxonomic identification and counting were
made using a Zeiss stereco-microscope. Soil
fauna were preserved in ethyl alcohol (75%-
96%) (Krantz & Walter, 2009).

The mites were identified to species level using
the published identification keys (Ghilyarov &
Bregetova, 1977, Bals, 1981; Karg, 1993;
Masan, 2003; Masan & Fend’a, 2004; Masan,
2007; Gwiazdowicz, 2007; Masan et al., 2008;
Masan & Halliday, 2013; De Moraes et al.,
2022).



Figure 1. The geographical location of investigated areas
at Galbena (pink lines) and Vemesoaia grasslands
(yellow lines), in the Fagaras Mountains, in 2021

Data processing

Statistical analysis was made using PAST
software (Hammer et al., 2001) and the
following indices were assessed: Dominance D;
Simpson_1-D; Shannon H; Evenness e"H/S;
Equitability J, Bray-Curtis index of Similarity
(qBC). The ANOVA test was used for the
standard statistical analysis for univariate data
(as numerical abundance, density and vegetation
coverage).

RESULTS AND DISCUSSIONS

In both types of grasslands 33 soil mite species
(93 individuals) were identified, with a density
by 4700 individuals/square metre. Of these
identified species, 15.15% were common
species in both grasslands, 57.57% were

characteristic of the Galbena grassland
(moderately grazed) and 27.27% for Vemesoaia
(intensely grazed ecosystem) (Tables 1, 2). The
common species for both grasslands were
Gaeolaelaps  aculeifer, Gaeolaelaps nolli,
Lysigamasus lapponicus, Ololaelaps placentula
and Veigaia nemorensis. These species have
also been identified in other grasslands in
Romania (Manu et al., 2022; 2023).

In the moderately grazed grassland from Fagarag
Mountains- Galbena, 24 Mesostigmata species
were identified, with a density of 2500
individuals/square metre. The dominant species
were Gaeolaelaps aculeifer, Gaeolaelaps nolli,
Alloparasitus ~ oblongus and  Ololaelaps
sellnicki. The total vegetation cover in this area
was 98.55%. Within the ten investigated lines,
we observed that lower values for the number of
species, numerical abundance and density were
recorded in lines 6 and 7, on the opposite being
parameters from the lines 3, 8, 9 and 10, with the
highest values.  The difference of these
parameters (numerical abundance and density)
between the ten lines is significant (p = 0.0029).
The highest values of dominance were recorded
in lines 1, 6, and 7, where only one individual of
each species was identified. A more balanced
structure of mite communities was recorded in
lines 2 and 4 (Table 1). Vegetation cover
fluctuated between 100% (on lines 1, 7, 8, 9) and
97% or 96.62% (on lines 3 and 6) (Table 1). The
differences in vegetation cover between lines are
not significant (p = 1)

Table 1. Structural characteristics of soil mite populations from Galbena grassland, Fagaras Mountains, 2021
(+ standard error)

Line Line Line Line Line Line Line Line Line Line
No. Species 1 2 3 4 S 6 7 8 9 10 Total
1+
1 Gamasellodes bicolor 0.03 1
1+ 2+ 1+ 2+
2 Gaeolaelaps aculeifer 0.03 0.04 0.03 0.06 6
1+ 1+ 1+ 1+ 1+ 2+
3 Gaeolaelaps nolli 0.03 0.03 0.03 0.03 0.03 0.06 6
1+ 1+ 3+
4 Alloparasitus oblongus 0.03 0.03 0.06 5
Leptogamasus 1+
5 paracarpaticus 0.03 1
1+
6 Leptogamasus sp. 0.03 1
1+
7 Lysigamasus lapponicus 0.03 1
1+
8 Macrocheles montanus 0.03 1
1+
9 Olodiscus minima 0.03 1
1+
10 | Ololaelaps placentula 1+0.03 0.03 2
1+ 1+ 2+
11 Ololaelaps sellnicki 0.04 0.03 0.04 5
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12 | Onchodellus siculus 1+0.03 1
Qodinychus 1+
13 | obscurasimilis 0.03 1
1+
14 | Oodinychus sp. 0.03 1
1+
15 | Pachylaelaps resinae 0.03 1
1+ 1+
16 Pachylaelaps sp. 0.03 0.03 2
1+
17 | Pachyseius humeralis 0.03 1
1+
18 | Prozercon sp. 0.03 1
2+
19 | Rhodacarellus silesiacus 0.06 2
2+ 1+ 1+
20 Trachytes aegrota 0.06 0.03 0.03 4
1+
21 Trachytes irenae 0.03 1
1+ 1+
22 Trachytes sp. 0.03 0.03 2
1+
23 Urodiaspis pannonica 0.03 1
1+
24 Veigaia nemorensis 0.03 1
Total number of
individuals 2 2 12 3 5 1 1 9 7 8 49
Total number of species 1 2 11 3 4 1 1 8 6 4 24
Numerical density 100 100 600 150 250 50 50 450 350 400 2500
Dominance D 1 0.5 0.097 0.333  0.280 1 1 0.136  0.184 0.281 0.07
Simpson_1-D 0 0.5 0.903 0.667  0.720 0 0 0.864 0816 0.719 0.93
Shannon H 0 0.693 2.369 1.099 1332 0 0 2.043  1.748 1.321 29
Evenness _¢"H/S 1 1 0.972 1 0.947 1 1 0964  0.957 0.937 0.76
Equitability_J 1 0.988 1 0.961 0.983 0976 0.953 091
Vegetation coverage (%) 100 97.5 97 98.9 98.11 96.62 100 100 100 97.32 98.55

In the intensely grazed grassland in the Fagarag
Mountains - Vemesoaia, only 14 Mesostigmata
species were identified, with a density of 2200
individuals/square metre. The dominant species
were Gaeolaelaps nolli, Pachydellus furcifer
and Zercon carpathicus. The total vegetation
cover in this area was 90.4%. In the ten
investigated lines, we observed that the lower
values for number of species, numerical
abundance and density were recorded on lines 6
and 8, and the highest values of these being
parameters in the lines 4, 7 and 10. The
differences for these parameters (numerical

abundance and density) between the ten lines is
significant (p = 0.0448). Comparing the other
structural parameters for soil mites on all ten
lines, we observed that the highest values of
dominance were recorded on lines 5, 6, 7, 8, and
9. The highest values of evenness and
equitability parameters were recorded on lines 2
and 4 (Table 2). Vegetation cover fluctuated
between 100% (on lines 2, 3, 4) and 69% or
88.5% (on lines 1 and 6) (Table 2). These
differences in vegetation cover between lines is
not significant (p = 0.9998).

Table 2. Structural characteristics of soil mite populations from Vemesoaia grassland,
Fagaras Mountains, 2021 (+ standard error)

Line Line Line
No. | Species 1 Line2 Line3 Line4 Line5 Line6 Line7 8 Line 9 10 Total
1+
1 Amblyseius sp. 0.03 1
1+
2 Asca bicornis 0.03 1
1+
3 Gaeolaelaps aculeifer 0.03 1
3+ 1+ 1+ 1+ 1+ 1+
4 Gaeolaelaps nolli 0.06 0.03 0.03 0.03 0.03 0.03 8
1+ 1+ 1+ 1+
5 Hypoaspis austriacus 0.03 0.03 0.03 0.03 4
1+ 1+
6 Leptogamasus tectegynellus 0.03 0.03 2
2+
7 Lysigamasus lapponicus 0.06 2
1+
8 Ololealaps placentula 0.03 1
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2+
9 Onchodellus alpinus 0.04 2
1+ 1+ 2+ 2+ 1+
10 | Pachydellus furcifer 0.03 0.03 0.06 0.04 0.03 7
1+ 2+ 3+
11 Pachydellus sp. 0.03 0.06 0.06 6
1+ 1+
12 Veigaia nemorensis 0.03 0.03 2
I+ 1+ 3+
13 Zercon carpathicus 0.03 0.03 0.09 5
1+ 1+

14 Zercon sp. 0.03 0.03 2
Total number of individuals 3 4 5 9 3 2 5 2 3 8 44
Total number of species 3 2 4 6 3 2 5 1 3 4 14
Numerical density 150 200 250 450 150 100 250 100 150 400 2200
Dominance D 0333 0.625 0280 0.185 0333 0500 0.200 1 0333 0313 0.11
Simpson 1-D 0.667 0375 0720 0815 0.667 0500  0.800 0 0.667  0.688 0.89
Shannon_H 1.099  0.562 1.332 1.735 1.099  0.693 1.609 0 1.099 1.255 2.39
Evenness e¢"H/S 1 0.877 0947  0.945 1 1 1 1 1 0.88 0.78
Equitability J 1 0.811 0.961 0.968 1 1 1 1 091 0.9
Vegetation coverage (%) 69 100 100 100 79 88.5 89.6 87 93.5 97.3 90.4

In order to highlight the similarities or
dissimilarities between soil mite communities
from the ten lines in each investigated grassland,
the Bray-Curtis Similarity index (qBC) was
calculated. In the Galbena grassland
(moderately grazed ecosystem), the highest
Bray-Curtis similarity index was obtained
between populations from line 1- line 4, line 4 -
line 5, line 4 - line 7 and line § - line 9 (qBC =
0.5 for each) (Figure 2). These similarities could
be explained by the complete vegetation cover
on these lines, by the presence of common
species with quite similar biological and
ecological requirements e.g.: Gaeolaelaps
aculeifer,  Gaeolaelaps nolli,  Ololealaps
sellnicki and Trachytes aegrota. These species
have a wide ecological tolerance, being recorded

in similar ecosystems throughout Europe, as
well as Romania (Karg 1993; Masan, 2007,
Masan & Halliday, 2013; De Moraes et al, 2022;
Manu et al., 2022; 2023).

In the Vemesoaia grassland (intensely grazed
ecosystem), the highest Bray-Curtis similarity
index was obtained between populations from
line 1- line 7 (gBC = 0.5), line 2- line 7 (¢BC =
0.44), line 3-line 7 (qBC = 0.4) and line 5- line
6 (qBC = 0.4) (Figure 3). Species such as
Gaeolaelaps nolli, Leptogamasus tecegynellus,
Pachydellus furcifer and Veigaia nemorensis
were common on these lines, with similar
numerical abundance. The small differences
between vegetation coverage could be a possible
explanation for these similarities.

Line 10

015 T

Figure 2. Bray-Curtis Similarity index between
soil mite populations from Galbena grassland

Comparing the two grasslands and considering
their management types (moderately and
intensive grazed grasslands), we observed that
in the Galbena (moderate grazing) the soil mite
communities were more abundant, with greater

Figure 3. Bray-Curtis Similarity index between
soil mite populations from Vemesoaia grassland

species diversity. Being a moderately grazed
ecosystem, the vegetation cover is more
complete compared to that of the intensively
grazed site. The vegetation layer creates a
microhabitat with characteristic environmental

726



conditions (more humid substrate, lower soil
temperature, increased soil pH, etc.). Studies
have revealed that enhanced species richness of
plant mixtures positively affects the diversity of
the soil fauna. Habitat/microhabitat loss caused
by the deterioration of soil physical-chemical
properties is the primary factor affecting soil
fauna (Sylvain & Wall, 2011; Kudureti et al.,
2023).When results are compared between these
sites and similar studies elsewhere in Romania
(number of species and numerical abundance),
we conclude that the data obtained are
comparable with those from grazed and
ungrazed grasslands in the Fagaras Mountains,
and with natural, chemical and organically-
fertilised ecosystems in the Bucegi Mountains,
but lower than pastures from the Central
Moldavian Plateau or polluted grasslands from
Zlatna-Trascau Mountains (Manu et al., 2022;
2023).

CONCLUSIONS

Soil mite communities were investigated from
two management types of grassland (moderately
and intensely grazed by sheep), at the
local/microhabitat scale, considering vegetation
cover. In total, 33 species were identified, with
93 individuals and 4700 individuals/square
metre. The type of grassland management
influenced the structures of the soil mite
communities, phenomena highlighted by the
different values of statistical parameters (e.g.
number of species, numerical abundance,
dominance, evenness, equitability, etc.). The
moderately grazed grassland was characterised
by the highest values of these structural
parameters, as well as vegetation cover. There
were characteristic species in each type of
ecosystem, demonstrating indirectly the local
influence of environmental conditions for each
microhabitat. Even where we considered the
type of grassland management or spatial scale,
the environmental biotic and abiotic parameters
were very important factors that could influence
the soil mite communities and hence we
consider that further investigations are needed.
The present study demonstrated that
anthropogenic impact (in this case grazing) on
natural ecosystems influences the structure of
mite communities, even at local scale.

727

ACKNOWLEGMENTS

This work was supported by project number
RO1567-1BB01/2023, Institute of Biology
Bucharest, Romanian Academy. We thank to
Mr. John Owen Mountford for scientific and
English advices.

REFERENCES

Arjen de Groot, G., Jagers op Akkerhuis, G.A.J.M.,
Dimmers, W.J., Charrier, X. & Faber, J.H. (2016).
Biomass and Diversity of Soil Mite Functional Groups
Respond to Extensification of Land Management,
Potentially Affecting Soil Ecosystem Services.
Frontiers in  Environmental  Science, Section
Agroecology, 4, 1-15.

Bals, J.I. (1981). Nouvelle definition du genre
Leptogamasus Tragardh , 1936, (Acarina, Gamasida,
Parasitidae) et description de six nouvelles especes.
Revue Suisse de Zoologie, 88 (1), 77-93.

Berlese, A. (1905). Apparecchio per raccogliere persto en
in gran numero piccoli artopodi. Redia, 2, 85-89.

Burton, V.J., Contu, S., De Palma, A. et al. (2022). Land
use and soil characteristics affect soil organisms
differently from above-ground assemblages. BMC
Ecology and Evolution, 22, 135.

Chiriac, L.S., Lacatusu, A.R., Cioboiu, O. & Murariu,
T.D. (2022). Characterization of environmental
factors influencing the functional groups of soil
invertebrates from some grasslands in South-West
Féagaras Massif. Muzeul Olteniei. Oltenia. Studii si
comunicari. Stiinfele Naturii, 38 (1), 182-191.

De Moraes, G.J., Moreira, G.F., Freire, R.A.P., Beaulieu,
F., Klompen, H. & Halliday, B. (2022). Catalogue of
the free-living and arthropod-associated Laelapidae
Canestrini  (Acari: Mesostigmata), with revised
generic concepts and a key to genera. Zootaxa, 13,
5184 (1), 1-509.

Dirilgen, T., Arroyo, J., Dimmers, W.J., Faber, J., Stone,
D., Martins da Silva, P., Carvalho, F., Schmelz, R.,
Griffiths, B.S., Francisco, R., Creamer, R.E., Sousa, J-
P. & Bolger, T. (2016). Mite community composition
across a European transect and its relationships to
variation in other components of soil biodiversity.
Applied Soil Ecology, 97, 86-97.

Donita, N., Pauca-Comanescu, M., Popescu, A.,
Mihailescu, S., & Birig, [.LA (2005). Habitats in
Romania. Bucharest, RO: Tehnica Silvica Publishing
House.

Gardi, C., Montanarella, L., Arrouays, D., Bispo, A.,
Lemanceau, P., Jolivet, C., Mulder, C., Ranjard, L.,
Ro"Mbke, J., Rutgers, M. & Menta, C. (2009). Soil
biodiversity monitoring in Europe: ongoing activities
and challenges. European Journal of Soil Science, 60,
807-819.

Ghilyarov, M.S., Bregetova, N.G. (1977). Opredelitel’
obitayushchikh v pochve kleshchei (Mesostigmata).
Petrograd. RU: Zoological Institute of the Academy of
Sciences.



Griffiths, B.S., Rombke, J., Schmelz, R.M., Scheffczyk,
A., Faber, J.H., Bloem, J., Pérés, G., Cluzeau, D.,
Chabbi, A., Suhadolc, M., Sousa, J.P., Martins da
Silva, P., Carvalho, F., Mendes, S., Morais, P.,
Francisco, R., Pereira, C., Bonkowski, M., Geisen, S.,
Bardgett, R.D., de Vries, F.T., Bolger, T., Dirilgen, T.,
Schmidt, O., Winding, A., Hendriksen, N.B.,
Johansen, A., Philippot, L., Plassart, P., Bru, D.,
Thomson, B., Griffiths, R.I., Bailey, M.J., Keith, A.,
Rutgers, M., Mulder, C., Hannula, S.E., Creamer, R.
& Stone, D. (2016). Selecting cost effective and
policy-relevant biological indicators for European
monitoring of soil biodiversity and ecosystem
function. Ecological Indicators, 69, 213-223.

Gwiazdowicz, D. (2007). Ascid mites (Acari, Gamasina)
from selected forest ecosystems and microhabitats in
Poland.  Poznan, PL:  University = Augusta
Cieszkowskiego.

Hammer, ©., Harper, D. A. T. & Ryan, P. D. (2001).
PAST: Paleontological statistics software package for
education and data analysis. Palaeontologia
Electronica. Coquina Press, 4 (1), 1-9.

Kairis, O., Karavitis, C., Salvati, L., Kounalaki, A. &
Kosmas, K. (2015). Exploring the Impact of
Overgrazing on Soil Erosion and Land Degradation in
a Dry Mediterranean Agro-Forest Landscape (Crete,
Greece). Arid Land Research and Management, 29
(3), 360-374.

Karg, W. (1993). Acari (Acarina), Milben Parasitiformes
(Anactinochaeta). Cohors Gamasina Leach. Die
Tierwelt Deutschlands, 59, 1-513.

Krantz, G. W. & Walter, D. E. (2009). 4 Manual of
Acarology. Third Edition. Lubbock, USA: Texas Tech
University Press Publishing House.

Kudureti, A., Zhao, S., Zhakyp, D. & Tian, C. (2023).
Responses of soil fauna community under changing

Masan, P. (2007). A review of the family Pachylaelapidae
in Slovakia with systematics and ecology of European
species (Acari: Mesostigmata: Eviphidoidea).
Bratislava, SL: Institute of Zoology, Slovak Academy
of Science.

Masan, P., Fenda, P. & Mihal, 1. (2008). New edaphic
mites of the genus Veigaia from Slovakia and
Bulgaria, with a key to the European species (Acari,
Mesostigmata, Veigaiidae). Zootaxa, 1897, 1-19.

Masan, P. & Halliday, B. (2010). Review of the European
genera of Eviphididae (Acari: Mesostigmata) and the
species occurring in Slovakia. Zootaxa, 2585, 1-122.

Masan, P. & Halliday, B. (2013). Review of the mite
family Pachylaelapidae (Acari: Mesostigmata).
Zootaxa, 3776 (1), 1-66.

Southwood, T.R. & Henderson, P.A. (2000). Ecological
Methods. Third edition. London, UK: Blackwell
Science Ltd. Editorial Offices.

728

environmental conditions. Journal of Arid Land, 15,
620-636.

Macfadyen, A. (1953). Notes on Methods for the
Extraction of Small Soil Arthropods. Journal of
Animal Ecology, 22(1), 65-717.

Macfadyen, A. (1961). Improved funnel-type extractors
for soil arthropods. Journal of Animal Ecology, 30,
171-184.

Madej, G. & Skubala, P. (2022). Colonization of a
dolomitic dump by mesostigmatid mites (Acari,
Mesostigmata). In Bernini, F., Nannelli, R., Nuzzaci,
G., de Lillo, E. (Eds.), Acarid Phylogeny and
Evolution: Adaptation in Mites and Ticks. Dordrecht,
NL: Springer Publishing House, 175-184.

Manu, M. & Honciuc V. (2010). Ecological research on
the populations of gamasids (Acari: Mesostigmata)
from the soils of some forest ecosystems in the Bucegi
Massif. Bucharest, RO: Ars Docendi Publishing
House.

Manu, M., Bancila, R.I., Mountford, O.J., Marusca, T.,
Blaj, V.A. & Onete, M. (2022). Soil Mite (Acari:
Mesostigmata) Communities and Their Relationship
with Some Environmental Variables in Experimental
Grasslands from Bucegi Mountains in Romania.
Insects, 13 (3), 285.

Manu, M., Bancila, R.I. & Onete, M. (2023). Effect of
Grazing Management on Predator Soil Mite
Communities (Acari: Mesotigmata) in Some
Subalpine Grasslands from the Fagaras Mountains-
Romania. Insects, 14(7), 626.

Masan, P. (2003). Macrochelid mites of Slovakia (Acari,
Mesostigmata, Macrochelidae). Institute of Zoology,
Slovak Academy of Science, Bratislava.

Masan, P., Fenda, P. (2004). Zerconid mites of Slovakia
(Acari, Mesostigmata, Zerconidae). Bratislava, SL:
Institute of Zoology, Slovak Academy of Science.

Southwood, T.R. (1966). Ecological Methods, London,
UK: Chapman & Hall Publishing House.

Sylvain, Z.A. & Wall, D.H. (2011). Linking soil
biodiversity and vegetation: Implications for a
changing planet. American Journal of Botany, 98 (3),
517-527.

Szczech, M., Kania, M., Loch, J., Ostrapowicz, K. & Strus
P. (2023). Mapping grasslands preservation potential.
A case study from the northern Carpathians. Land
Degradation and Development, 1-14.

Tullgren, A. (1917) En enkel apprat for automatiskt
vittjande av sdllgods. Entomologisk Tidskrifi, 38, 797-
100.

Vannoppen, A., Degerickx, J., Souverijns, N. & Gobin, A.
(2023). Spatio-Temporal Dynamics in Grasslands
Using the Landsat Archive. Land, 12 (4), 934.



