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Abstract: Thinning is one of an anthropogenic process that can disturb natural processes in forest habitats. It consists of selectively
cutting down trees, therefore, it is especially important to the creation of forest microhabitats for many species, including those living in
the topsoil layer, such as mites from Mesostigmata order. The aim of the study was to characterize soil mites (Mesostigmata)
communities in Scots pine stands (Pinus sylvestris L.) before thinning and in selected time intervals (1, 5, 10, and 20 years) after
thinning. Studies were conducted on ten (two nonthinned and eight thinned) research plots located in stands of Sulęcin Forest District
(Western Poland). In total, 50 soil samples with a litter layer were taken in October 2014 using a steel corer (20 cm2, 5cm depth). Soil
fauna was extracted in BerleseTullgren funnels for seven days.
In total, 286 mesostigmatid soil mites classified into 30 taxa (26 species and 4 genera) were recorded. The most abundant species were
Paragamasus conus and Veigaia nemorensis. Only three species (Paragamasus conus, Veigaia nemorensis, and juvenile instars of
Paragamasus sp.) were noted in all sampled forests. The mean diversity and species richness, but not the mite density per square meter,
differed significantly between studied forests. The highest mite density, diversity, as well as species richness were recorded in stands 20
years after thinning, while the lowest one year after thinning. It can be concluded that thinning reduces the mite density in a short period
(one year after thinning), however, the abundance, species richness, and diversity starts to increase with forest ageing.
Key words: mite assemblages, mesofauna, forest management, soil fauna diversity, mesostigmatid mites

INTRODUCTION
Forest management can cause many disturbances in
natural forest processes (Graae & Sunde, 2000). Among
various management treatments in forests, thinning is
conducted to shape the structure of young stands and
conditions towards that of lateseral forest habitats, but it
also may lead to its structural diversity (Hagar et al.,
2004). After selective cuttings, removing trees opens the
canopy and therefore causes microclimatic changes inside
the forest. This may lead to changes in the wind flow, to
an increase in solar radiation, which leads to increased air
temperature in gaps. Finally, those changes in stand
density cause an increase in the decomposition of organic
matter and changes in its transfer between soil and canopy
levels (Vesala et al., 2005). Thinning, despite its initial
disturbance being usually detrimental to forest fauna, in
the long period, leads to positive changes in faunal density
and diversity (Hagar et al., 2004; Yi & Moldenke, 2005).
Moreover, thinning may affect forest floor level habitats
by modifying soil temperature and moisture content
(Vesala et al., 2005)
The influence of forest management on forest fauna
was widely studied, however, only few studied were
Creative Commons Attribution 4.0

conducted in thinned stands and measured the impact of
this practice on forest edaphon (Bird et al., 2004; Blair &
Crossley, 1988; Greenberg & McGrane, 1996; Heneghan
et al., 2004; Hynes & Germida, 2013; Koivula, 2002;
Lindo & Visser, 2004; McIver et al., 1992; Seastedt &
Crossley, 1981; Theenhaus & Schaefer, 1995). Studies
reported an increase of abundance and individual biomass
of small mammals of the forest floor in thinned stands
when compared to unmanaged forests (Sullivan et al.,
2001; Wilson & Carey, 2000). Moreover, Koivula (2002)
proved the positive impact of thinning on carabid beetle
communities when compared to clearcut stands and
unmanaged forests. On the other hand, Yi and Moldenke
(2005) observed that the abundance and species richness
of grounddwelling arthropods decreases with thinning
intensity. A similar, negative impact of thinning was
demonstrated by Peck and Niwa (2005), who studied the
longterm effects of thinning on soil microarthropods
communities. They observed a reduced density of oribatid,
mestostigmatid, and prostigmatid mites that inhabited the
forest soil. They also revealed that the springtail
assemblages did not change after thinning. Therefore, we
are not able to answer unequivocally how soil fauna
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the condition created in the managed (thinned) forest with
ageing. The nonthinned stands were between 24 and 25
y.o., whereas thinned stands were between 32 and 60 years
old (Table 1). The minimum distance between the research
plots reaches 0.1 km. In each of the stands, a square
research plot (100 m2) was established for sampling. In
total, 50 soil samples including the litter layer were
collected on October, 23rd 2014, using steel corer (20
cm2) to the depth of 5 cm (5 plot types (control and 4 in
various time after thinning) × 2 replication × 5 samples).
The sampling date was chosen based on the favourable
environmental conditions (higher precipitation and lower
temperature in autumn, compared to the hot and dry
summer in 2014). The samples were carefully placed in a
portable cooler and transported into the laboratory (Poznań
University of Life Sciences, Poland).

assemblages changed over time after thinning, moreover,
how selective thinning influences them in the long term.
We used mesostigmatid mites as model species as the
majority of Mesostigmata are freeliving predators, which
occupy higher trophic level in the soil food web in forest
and agricultural soils (Ruf & Beck, 2005), therefore, their
abundance depends on the dynamics of other soil fauna
(e.g. springtails, potworms, nematodes, and moss mites),
which may reflect environmental changes. Mites are
highly susceptible to anthropogenic and natural
disturbances and perturbations (Koehler, 1999), and due to
their diverse characteristics and adaptations, joined by
their high abundance and species diversity, Mesostigmata
is used as good bioindicator (Beaulieu & Weeks, 2007;
Gulvik, 2007).
The main aim of our study was to identify species of
soil mite communities (Acari, Mesostigmata) and analyze
their density, species richness, and diversity in managed
Scots pine stands (Pinus sylvestris L.) before thinning and
in time intervals (1, 5, 10, and 20 years) after thinning.
Based on the literature data we also hypothesized that soil
mite density, species richness, and diversity will decrease
significantly after the start of the thinning. Knowledge
regarding Mesostigmata communities in a thinned
managed forest with ageing can contribute to a better
understanding of the role of silviculture practice in shaping
the soil fauna assemblages in early stages of stand growing
or the impact of a reduction of tree stands density as a
disturbance.

Mite extraction and identification
Mites were extracted from soil samples using Berlese–
Tullgren funnels (20 cm diameter) with a mesh size of
approx. 2mm. The temperature and moisture gradient in
the BerleseTullgren funnels forced active soil fauna to
move down into container with 75% ethyl alcohol over 7
days. After extraction, mesostigmatid mites were selected
from samples under a stereomicroscope under 10×–25×
magnification, then mounted on temporary slides for
clearing in 85% lactic acid for a minimum of 3 days. Mites
were identified using a microscope and identified to
species or genus level using acarological keys (Ghilarov &
Bregetova, 1977; Gwiazdowicz, 2007; Karg, 1971, 1993;
Micherdziński, 1969).

MATERIAL AND METHODS

Data analysis
Each sample was treated as one data point to the
analysis. The mite abundance was calculated per square
meter, for easy comparison with other studies. Data were
analysed based on mean density (ind. m2), mean and total
species richness (number of recorded species) and
Shannon diversity (H’). The Shannon diversity was
calculated using the equation: H′ = –Σpiln(pi ), where pi is
the proportion of certain species in the mite community.
Species richness, diversity and cumulative species richness
were calculated in vegan package (Oksanen et al., 2018).
Cumulative species richness and its standard deviation
resulted from random permutations of the data or
subsampling without replacement. Mean density, species
richness, and diversity between forest types were tested
using analysis of variance (ANOVA) and Tukey HSD test.
Prior to the analysis, data were tested with ShapiroWilk
normality test. Data describing mite density were square
root transformed to meet normal distribution. Data were
presented as mean values with a standard error of the mean
(SEM) and were considered as significantly different at

Study sites and sampling
The study was conducted in Scots pine stands in
Sulęcin Forest District, which is located between two
cities: Gorzów Wielkopolski and Zielona Góra, in central
western Poland. The maritime climate, which prevails in
the research location, is typical for great valleys, the
winters are relatively mild, summers are cold whereas
autumns are warm and long. The average air temperature
of the region is c.a. 9.8 °C, with the maximum above 30
°C (in June, July, and August) and minimum 15°C (in
January). The mean annual precipitation reaches 528 mm
per square meter (Plan Urządzenia Lasu Nadleśnictwa
Sulęcin, 2014). Ten study plots in Scots pine stands (Pinus
sylvestris L.) were established (before thinning (BT), as
well as thinned (eight plots) one (T1), five (T5), ten (T10),
and twenty (T20) years before sampling). All the stands
were covered by the same tree species, however, they
differed in forest age. Due to the large economic costs
which resulted from leaving the forests nonthinned, we
were not able to find control plots in the same age to
established sampled forests. That is why our study follows
Creative Commons Attribution 4.0
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from two plots) was representative of the data analysis and
most of the species were collected during the field
campaign.

P<0.05. Total species richness, presented as a cumulative
number of species, recorded from the certain forest was
examined to check if the sampled material (10 samples

Table 1. Characteristics of the examined Scots pine stands before and after thinning.

FMCF = Fresh mixed coniferous forest

RESULTS
Our study revealed that mean density per square meter
did not differed significantly between stands (df = 4; F =
0.9127; p = 0.46). The highest density was recorded in
T20 (4000 ± 771 ind. m2), whereas the lowest in BT
(2350 ± 572). Interestingly, our study revealed that mean
species richness differed significantly between stands (df
= 4; F = 2.6126; p = 0.048). The highest species richness
was noted in T20 (4.7 ± 0.1 species sample1), whilst the
lowest in BT (2.2 ± 0.3). Moreover, Shannon diversity per
sample differed significantly between stands (df = 4; F =
3.7311; p = 0.013). The lowest value was recorded in BT
(0.83 ± 0.07), whereas the highest in T20 (1.47 ± 0.11).
Overall, 286 individuals of mesostigmatid mites were
Creative Commons Attribution 4.0

extracted from collected soil samples in that study.
Recorded species were classified into 30 taxa (26 species
and 4 genera). The most abundant species was
Paragamasus conus represented by 61 individuals, and V.
nemorensis represented by 39 individuals. Our study
revealed that only three species (P. conus, V. nemorensis,
and juvenile instars of Paragamasus sp.) were noted in all
sampled forest. We have also found some unique species
in forests. In BT forest, Dendrolaelaps cornutus and
Zercon zelawaiensis were unique, whilst four species
(Pergamasus brevicornis; P. crassipes; P. quisquiliarum;
Oodinychus sp.) were noted only in T10 forests (Table 2).
Species accumulation curves revealed that cumulative
3
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species richness increased according to the treatment T1>
BT > T5> T10> T20 (Figure 2). These values increased
from T1 forest (9 species) to T20 forest (18 species).
Moreover, the shape of accumulation curves for all forests
decreased with increasing sampling effort which indicates
that most of the species were recorded from the soil at
sampling forests (Figure 1).

Therefore, our initial assumption that thinning reduces
abundance, species richness, and diversity may be
rejected. Interestingly, Peck and Niwa (2005), indicated
that the abundance of mesostigmatid mites’ assemblages
was reduced in soil in thinned in comparison to unthinned
stands. However, they also revealed no significant
differences of mesostigmatid mite abundance in forest soil
of thinned stands, which coincides with our results. Our
results may be explained by mites’ requirements. As
ectothermic animals, soil mites (Thakur et al., 2018),
strongly respond to large changes in temperature and soil

DISCUSSION
Our results revealed an increasing trend of species
richness and Shannon diversity over time since thinning,
but we recorded lower values one year after thinning.

Table 2. Checklist of mite species in stands before (BT) and one (T1), five (T5), ten (T10)
and twenty (T20) years after thinning.

Creative Commons Attribution 4.0
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Figure 1. Cumulative species richness (mean ± SD) of mite
communities in stands before (BT) and one (T_1), five (T_5),
ten (T_10), and twenty (T_20) years after thinning.

humidity (Salmane and Brumelis, 2008; Walter and
Proctor, 2013). Thus, significant changes in the diversity
and species richness of mite assemblages over time may
be a direct result of changes in environmental conditions
after thinning, such insulation, soil moisture, or
temperature prevailing in gaps. Therefore, future studies
should also include the changes in soil temperature,
humidity, light conditions, and soil properties which was
underlined in our previous studies (Kamczyc et al., 2018,
2020). Moreover, as tree species differ in their impact on
soil fauna assemblages (Mueller et al., 2015) future
studies may also compare the various forest types e.g.
coniferous, mixed, and deciduous.
Our results also revealed lower total species richness
one year after thinning. Previous records proved that that
clearcutting or thinning reduces soil arthropods
abundance, but various taxa of microarthropods may
respond differently to clearcutting. For instance, Blair and
Crossley (1988), noted changes in relative abundances of
major groups, including Mesostigmata. Additionally, they
showed that 8 years after felling, the abundance of
Mesostigmata and Oribatida decreased by 50 and 54%,
respectively. On the other hand, Peck and Niwa (2005)
proved that the abundance of Oribatida, Mesostigmata,
Prostigmata and Astigmata after thinning changed more
clearly in the litter than in the soil, while in the case of
Collembola no noticeable changes were recorded.
Moreover, Lindo and Visser (2004) recorded that felling
process led to reduction of the Oribatida abundance, but
not diversity. Additionally, they found that Mesostigmata
abundance increased in such conditions. Similarly,
Heneghan et all. (2004) proved that after clearing the
felling, the number of microcavities increases, and a
marked increase in species diversity concerns the
Oribatida mites. This may also suggest that reduced
microarthropod densities contribute to changes in
Creative Commons Attribution 4.0

Figure 2. The density (A: Abundance per square meter),
species richness (B) and diversity (C) of mite communities in
stands before (BT) and one (T_1), five (T_5), ten (T_10) and
twenty (T_20) years after thinning. White dots indicate mean
values, black dots are outliers, while grey lines are medians.
The black letters above the boxplots show the differences
between intervals obtained by the Tukey HSD test.

decomposition processes od the litter following
clearcutting, however further studies are needed to clarify
the relative importance of microarthropod reductions in
relation to environmental abiotic factors.
The increasing trend of species richness and Shannon
diversity overtime after thinning can also result from the
stand ageing, which, as numerous studies show
(Korboulewsky et al., 2016) has a positive effect on the
abovementioned characteristics of soil fauna assemblages.
In the present study we have also found species which are
known as typical for older stages of forest succession were
recorded, i.a. V. nemorensis (Madej, 2004; Piasta et al.,
2015; Skorupski et al., 2013; Urbanowski et al., 2018). V.
nemorensis is frequent species of the Palearctic realm,
revealed in forest soil, decaying wood and compost,
mosses, turf, and meadows (Skorupski et al., 2013). The
results obtained by Huhta and Hänninen (Huhta &
Hänninen, 2001)revealed that V. nemorensis tolerates
temperature changes, as well as that specimens of this
species, were more abundant in constant moisture, which
may explain our results.
We revealed that Paragamasus conus was the most
5
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Huhta, V., Hänninen, S.M., 2001. Effects of
temperature and moisture fluctuations on an experimental
soil microarthropod community. Pedobiologia 45, 279–
286. https://doi.org/10.1078/0031405600085
Hynes, H.M., Germida, J.J., 2013. Impact of clear
cutting on soil microbial communities and bioavailable
nutrients in the LFH and Ae horizons of Boreal Plain
forest soils. Forest Ecology and Management 306, 88–95.
https://doi.org/10.1016/j.foreco.2013.06.006
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młodników sosnowych w rejonach oddziaływania
zanieczyszczeń wybranych zakładów przemysłowych.
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Kamczyc, J., Skorupski, M., Dyderski, M.K., Gazda,
A., Hachułka, M., Horodecki, P., Kałucka, I., Malicki, M.,
Pielech, R., Smoczyk, M., Wierzcholska, S., Jagodziński,
A.M., 2018. Response of soil mites (Acari, Mesostigmata)
to longterm Norway spruce plantation along a mountain
stream. Exp Appl Acarol 76, 269–286. https://doi.org/
10.1007/s1049301803143
Kamczyc, J., Turczański, K., Malica, J., Urbanowski,
C.K., Kobusiewicz, A., PersKamczyc, E., 2020. Soil near
mature oaks is refugium for soil mites (Acari,
Mesostigmata) in managed forests. null 1–8. https://
doi.org/10.1080/01647954.2020.1804997

abundant species. This species was recorded on
agricultural lands, as well as in deciduous and coniferous
forests, in decaying wood, litter, and moreover in mosses
(Karg, 1993). Furthermore, Zercon zelawaiensis and
Dendrolaelaps cornutus were two unique species, noted
only in stands before thinning. Zercon zelawaiensis, as
noted by Skorupski et al. (2013), is the species, which is
found in western parts of Europe, as well as on the area of
Baltic countries. The individuals of Zercon zelawaiensis
were recorded in pine forests, including mosses.
Kaczmarek (2000) revealed Z. zelawaiensis in industrially
polluted young Scots pine forests. Dendrolaelaps cornutus
has been noted under bark of various trees (Salmane
1999). Moreover, Salmane (2001) noted that this species
inhabits dunes and costal meadows.
In conclusion, our study revealed that the species
richness and diversity of the mite community, but not the
mite density, have been significantly changed in thinned
Scots pine stands over time. Therefore, we can conclude
that thinning reduces the mite density in a short period
(one year after thinning), however, the abundance, species
richness, and diversity starts to increase with forest ageing.
Our results could help us to better understand the forest
processes occurring and the importance of soil fauna,
which has a decisive impact on these processes in forest
soil, after forestry treatments.
REFERENCES
Beaulieu, F., Weeks, A.R., 2007. Freeliving
mesostigmatic mites in Australia: their roles in biological
control and bioindication. Australian Journal of
Experimental Agriculture 47, 460–478. https://doi.org/
10.1071/EA05341
Bird, S.B., Coulson, R.N., Fisher, R.F., 2004. Changes
in soil and litter arthropod abundance following tree
harvesting and site preparation in a loblolly pine (Pinus
taeda L.) plantation. Forest Ecology and Management 202,
195–208. https://doi.org/10.1016/j.foreco.2004.07.023
Blair, J.M., Crossley, D.A., 1988. Litter
Decomposition, Nitrogen Dynamics and Litter
Microarthropods in a Southern Appalachian Hardwood
Forest 8 Years Following Clearcutting. Journal of Applied
Ecology 25, 683–698. https://doi.org/10.2307/2403854
Edmonds, R.L., Marra, J.L., Barg, A.K., Sparks, G.B.,
2000. Influence of forest harvesting on soil organisms and
decomposition in western Washington, in: Proceedings of
the California Forest Soils Council Conference on Forest
Soils Biology and Forest Management. pp. 53–72.
Ghilyarov, M.S., Bregetova, N.G., 1977. A key to soil
inhabiting mites, Mesostigmata (in Russian). Nauka,
Moscow.
Creative Commons Attribution 4.0

6

eISSN 24504920

For. Lett. No 114: 18, 2021

Kamczyc et al.

industrial habitats on lignite mine spoil heap in Bełchatów
– a preliminary study., in: Neményi M., Varga L., Facskó
F., Lőrincz I. (Eds). Science for Sustainability.
Proceedings of the International Scientific Conference for
PhD Students. University of West Hungary Press, Sopron.
Presented at the Science for Sustainability International
Scientific Conference for PhD Students, University of
West Hungary Press, Sopron., University of West Hungary,
Győr, pp. 251–257.
Paysen, T.E., Narog, M.G., 1993. Tree mortality 6
years after burning a thinned Quercuschrysolepis stand.
Canadian Journal of Forest Research 23, 2236–2241.
https://doi.org/10.1139/x93277
Peck, R.W., Niwa, C.G., 2005. LongerTerm Effects of
Selective Thinning on Microarthropod Communities in a
LateSuccessional Coniferous Forest. Environmental
Entomology 34, 646–655. https://doi.org/10.1603/0046
225X34.3.646
Piasta, A., Skorupski, M., Horodecki, P., Jagodziński,
A.M., 2015. Zgrupowania roztoczy (Acari) pod
drzewostanami sosnowymi na terenach leśnych i
rekultywowanym
zwałowisku
zewnętrznym
w
Nadleśnictwie Bełchatów. Studia i Materiały Centrum
Edukacji PrzyrodniczoLeśnej 17, 279–294 (in polish).
Plan Urządzenia Lasu Nadleśnictwa Sulęcin. 2014.
Ruf, A., Beck, L., 2005. The use of predatory soil
mites in ecological soil classification and assessment
concepts, with perspectives for oribatid mites.
Ecotoxicology and Environmental Safety 62, 290–299.
https://doi.org/10.1016/j.ecoenv.2005.03.029
Salmane, I., 2001. A checklist of Latvian Gamasina
mites (Acari, Mesostigmata) with short notes to their
ecology. Latvijas Entomologs 38: 5061.
Salmane, I., Brumelis, G., 2008. The importance of the
moss layer in sustaining biological diversity of Gamasina
mites in coniferous forest soil. Pedobiologia 52, 69–76.
https://doi.org/10.1016/j.pedobi.2008.03.002
Seastedt, T.R., Crossley, D.A., 1981. Microarthropod
Response Following Cable Logging and ClearCutting in
the Southern Appalachians. Ecology 62, 126–135. https://
doi.org/10.2307/1936676
Skorupski, M., Horodecki, P., Jagodziński, A.M., 2013.
Roztocze z rzędu Mesostigmata (Arachnida, Acari) na
terenach przemysłowych i poprzemysłowych w Polsce.
Nauka Przyroda Technologie 7, #11 (in polish).
Sullivan, T.P., Sullivan, D.S., Lindgren, P.M.F., 2001.
Stand Structure and Small Mammals in Young Lodgepole
Pine Forest: 10Year Results After Thinning. Ecological
Applications 11, 1151–1173.
Thakur, M.P., Reich, P.B., Hobbie, S.E., Stefanski, A.,
Rich, R., Rice, K.E., Eddy, W.C., Eisenhauer, N., 2018.

Karg, W., 1993. Acari (Acarina) Milben Parasitiformes
(Anactinochaeta), Cohors Gamasina Leach Raubmmilben.
Die Tierwelt Deutschlands. VEB Gustav Fischer Verlag,
Jena.
Karg, W., 1971. Acari (Acarina) Milben, Unterordnung
Anactinochaeta (Parasitiformes). Die freilebenden
Gamasina (Gamasides). Raubmilben, Die Tierwelt
Deutschlands 59. Gustav Fischer Verlag, Jena.
Koehler, H.H., 1999. Predatory mites (Gamasina,
Mesostigmata). Agriculture, Ecosystems & Environment
74,
395–410.
https://doi.org/10.1016/S0167
8809(99)000456
Koivula, M., 2002. Boreal carabidbeetle (Coleoptera,
Carabidae) assemblages in thinned unevenaged and clear
cut spruce stands. Annales Zoologici Fennici 39, 131–149.
Korboulewsky, N., Perez, G., Chauvat, M., 2016. How
tree diversity affects soil fauna diversity: A review. Soil
Biology and Biochemistry 94, 94–106. https://doi.org/
10.1016/j.soilbio.2015.11.024
Lindo, Z., Visser, S., 2004. Forest floor microarthropod
abundance and oribatid mite (Acari: Oribatida)
composition following partial and clearcut harvesting in
the mixedwood boreal forest. Canadian Journal of Forest
Research 34, 998–1006. https://doi.org/10.1139/x03284
Madej, G., 2004. Rozwój zgrupowań roztoczy
Mesostigmata (Arachnida. Acari) na nieużytkach
poprzemysłowych. Uniwersytet Śląski, Katowice (in
polish).
McIver, J.D., Parsons, G.L., Moldenke, A.R., 1992.
Litter spider succession after clearcutting in a western
coniferous forest. Canadian Journal of Forest Research
22, 984–992. https://doi.org/10.1139/x92132
Micherdziński, W., 1969. Die Familie Parasitidae
Oudemans, 1901 (Acarina, Mesostigmata). PWN, Kraków.
Mueller, K.E., Hobbie, S.E., Chorover, J., Reich, P.B.,
Eisenhauer, N., Castellano, M.J., Chadwick, O.A., Dobies,
T., Hale, C.M., Jagodziński, A.M., Kałucka, I.,
KieliszewskaRokicka, B., Modrzyński, J., Rożen, A.,
Skorupski, M., Sobczyk, Ł., Stasińska, M., Trocha, L.K.,
Weiner, J., Wierzbicka, A., Oleksyn, J., 2015. Effects of
litter traits, soil biota, and soil chemistry on soil carbon
stocks at a common garden with 14 tree species.
Biogeochemistry 123, 313–327. https://doi.org/10.1007/
s1053301500836
Oksanen, J., Blanchet, F.G., Friendly, M., Kindt, R.,
Legendre, P., McGlinn, D., Minchin, P.R., O’Hara, R.,
Simpson, G.L., Solymos, P., Stevens, M., Szoecs, E.,
Wagner, H., 2018. Vegan: community ecology package. R
Package Version. 2.52. CRAN.
Pastwik, E., Skorupski, M., Piasta, A., Jagodziński,
A.M., 2013. Mesostigmata mites of afforested post
Creative Commons Attribution 4.0

7

eISSN 24504920

For. Lett. No 114: 18, 2021

Kamczyc et al.

Vilkamaa, P., Huhta, V., 1986. Effects of fertilization
and pH on communities of Collembola in pine forest soil.
Annales Zoologici Fennici 23, 167–174.
Walter, D.E., Proctor, H.C., 2013. Mites and Biological
Diversity, in: Walter, D.E., Proctor, H.C. (Eds.), Mites:
Ecology, Evolution & Behaviour: Life at a Microscale.
Springer Netherlands, Dordrecht, pp. 447–459. https://
doi.org/10.1007/9789400771642_11
Wilson, S.M., Carey, A.B., 2000. Legacy retention
versus thinning: influences on small mammals. Northwest
Science 74(2), 131–144.
Yi, H., Moldenke, A., 2005. Response of Ground
Dwelling Arthropods to Different Thinning Intensities in
Young Douglas Fir Forests of Western Oregon.
Environmental Entomology 34, 1071–1080.

Reduced feeding activity of soil detritivores under warmer
and drier conditions. Nature Climate Change 8, 75–78.
https://doi.org/10.1038/s4155801700326
Theenhaus, A., Schaefer, M., 1995. The effects of
clearcutting and liming on the soil macrofauna of a beech
forest. Forest Ecology and Management 77, 35–51. https://
doi.org/10.1016/03781127(95)035804
Urbanowski, C., Horodecki, P., Kamczyc, J.,
Skorupski, M., Jagodziński, A., 2018. Succession of Mite
Assemblages
(Acari,
Mesostigmata)
during
Decomposition of Tree Leaves in Forest Stands Growing
on Reclaimed PostMining Spoil Heap and Adjacent
Forest Habitats. Forests 9, 718. https://doi.org/10.3390/
f9110718
Vesala, T., Suni, T., Rannik, Ü., Keronen, P.,
Markkanen, T., Sevanto, S., Grönholm, T., Smolander, S.,
Kulmala, M., Ilvesniemi, H., Ojansuu, R., Uotila, A.,
Levula, J., Mäkelä, A., Pumpanen, J., Kolari, P., Kulmala,
L., Altimir, N., Berninger, F., Nikinmaa, E., Hari, P., 2005.
Effect of thinning on surface fluxes in a boreal forest.
Global Biogeochemical Cycles 19. https://doi.org/
10.1029/2004GB002316

Creative Commons Attribution 4.0

For citations
Kamczyc, J., Malica, J., Urbanowski, C.K., Kobusiewicz,
A., Skonieczna, J., PersKamczyc, E. (2021). The mite
communities (Acari, Mesostigmata) in Scots pine
(Pinus sylvestris L.) forest after thinning – preliminary
studies. Forestry Letters 114: 18.

8

eISSN 24504920

