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A B S T R A C T

Burrowing mammals living in forests are one of the important disturbance factors driving changes in species
community and diversity on the forest floor. In the present study we examined the impact of soil mounds created
by badgers (Meles meles) on species richness and the community structure of oribatid mites, which constitute one
of the most numerous components of soil mesofauna. We compare oribatid communities between forest soils
disturbed by badgers in 1-year-old mounds and 5-year-old mounds as well as undisturbed forest soil to get an
insight into the direction of temporal changes. The study plots were situated in pine forests within the Kampinos
Forest (Poland). The soil parameters created by badgers and ecological groups in the oribatid fauna were ana-
lysed. The results showed that distinct oribatid communities occur in badger mounds when compared with
adjacent undisturbed forest soil. It appeared that badgers have the potential to substantially affect the soil
environment in forest ecosystems and finally influenced mite abundance and community composition. Initial
badger disturbance caused a significant decline in the abundance and biodiversity of oribatid mites, but within a
few years the oribatid fauna was restored. Our results supported the intermediate disturbance hypothesis. Badger
activity affected the composition of ecological groups of mites, toward surface dwelling, primary decomposers
and sexually reproducing species. It can be concluded that badger mounds serve as microhabitats for some soil
mites and contribute to the patchiness and heterogeneity of the forest floor. Finally, oribatid community
structure proved to be a good indicator of soil disturbance caused by mammal activities involving deep digging
in soil and heaping mounds in temperate forests.

1. Introduction

It is widely believed that the key to ecosystem diversity is habitat
heterogeneity (Freemark et al., 2002; Benton et al., 2003; Hoste-
Danyłow et al., 2010) which typically depends on the presence of many
marginal habitat patches. Disturbances in forests constitute a major
force influencing, even determining, the structure and functions of
populations, communities and ecosystems. The ability to stand a dis-
turbance without loss is defined as resistance, whereas resilience is the
ability to recover from a disturbance after incurring losses, which may
be considerable (Attiwill, 1994; Lake, 2013). A certain degree of dis-
turbance can affect species numbers positively (“intermediate dis-
turbance hypothesis”). Connell (1978) postulated that intermediate
degrees of biotic or abiotic disturbances reduce the intensity of com-
petition between species and hence the competitive exclusions of spe-
cies. Disturbance is a key process in understanding density and diversity
of plant and animal species (Pickett and White, 1985). Soil mixing and

displacement by living organisms, called bioperturbation, are examples
of biotic disturbances in forest ecosystems. Ecosystem engineers were
defined by Jones et al. (1994) as organisms that indirectly or directly
affect the availably of resources to other organisms through modifica-
tions of the physical environment. They can alter fundamental soil
properties such as porosity, particle-size distribution or nutrient con-
tents (Wilkinson et al., 2009).

Burrowing mammals living in forests are one of the important dis-
turbance factors driving changes in species community and diversity on
the forest floor (Brown, 1995; McLean and Parkinson, 1998; Kurek
et al., 2014a, 2014b; Kurek and Cykowska-Marzencka, 2016). They
create patches of freshly disturbed soil through their digging and bur-
rowing activities (Pickett and White, 1985). Eurasian badger (Meles
meles) is known for intensive soil exploitation, especially when badgers
live in big social groups. The badger activity associated with the digging
of setts simultaneously causes various soil disturbances such as mounds,
well-trodden paths and latrines (Neal and Roper, 1991; Kowalczyk
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et al., 2004). The size of a disturbed area ranges from tens to hundreds
of square meters (Obidziński et al., 2013). Such small and patchily
distributed disturbances are thought to be the main factors influencing
soil characteristics and vegetation, driving changes in soil physical and
chemical properties and are usually noted as having a positive impact
on the richness of herbaceous plant species (e.g. Goszczyńska and
Goszczyński, 1977; Alkon, 1999; Whitford and Kay, 1999; Canals and
Sebastiá, 2000; Kerley et al., 2004; Bruun et al., 2005; Obidziński and
Głogowski, 2005; Eldridge and Whitford, 2009; Whitford and
Steinberger, 2010; Kurek et al., 2014a, 2014b; Fedriani et al., 2015).
Our study concerns dome-shaped soil mounds built at burrow en-
trances. It has been shown that buried sandy mounds among badger
setts cause great habitat heterogeneity in forests and, they increase
species diversity of bryophytes and vascular plants (Kurek et al., 2014a,
2014b; Kurek and Cykowska-Marzencka, 2016). Since badgers are real
ecosystem engineers, completely overturning soil, their activity alters
local habitat conditions and modifies some topsoil chemical properties
(Kurek et al., 2014a, 2014b). Thus, it could be assumed that burrowing
animals could have an impact not only on organisms living on the soil
surface, but also on soil fauna.

The oribatid mites are numerically dominant in mature forest soil
and are “key industry” animals due to their relative abundance as
compared to other soil arthropods (Wallwork, 1983). They form a
gradient from phytophagous species over primary and secondary de-
composers to predators and scavengers (Schneider et al., 2004). In
forest ecosystems they play an important role in organic matter de-
composition and nutrient cycling − two key processes of ecosystem
functioning (Luxton, 1981). Oribatids are connected with primary de-
composers through complex bottom-up and top-down effects (Marshall,
2000). Among soil decomposing invertebrates, oribatid mites re-
presentthe quite striking group with an estimated 10% of all species
reproducing via parthenogenesis (Cianciolo and Norton, 2006), which
is generally assumed to facilitate establishment of populations (Norton,
1994) and fast recovery after disturbance (Prinzing et al., 2002;
Lindberg and Bengtsson, 2005). Apart from fundamental biotopes of
oribatid mites, they also utilize products associated with the activity of
mammals and birds, e.g. burrows and nests, as habitats.

Oribatid mites serveas a pivotal element in detrital food chains
(Lebrun, 1979) and can be used as indicators of changes in the en-
vironment (e.g. Niedbała, 1983). It is believed that oribatid mites are
representatives of soil mesofauna that are highly sensitive to soil dis-
turbance and unfavorable soil conditions (Wallwork, 1983; Norton and
Palmer, 1991). Their low metabolic rate, slow development and low
fecundity (for sexual species) are characteristics that render them un-
able to respond quickly to short-term hard stresses (Behan-Pelletier,
1999). Several studies tried to determine the changes in oribatid com-
munities caused by various kinds of disturbance in forest habitats (e.g.
Marra and Edmonds, 1998; Maraun et al., 2003; Battigelli et al., 2004;
Lindo and Visser, 2004; Cameron et al., 2013). Studies on bioturbation
by earthworms proved that densities of most groups of oribatid mites
declined in disturbance treatments (McLean and Parkinson, 1998;
Scheu et al., 1999; Maraun et al., 2001, 2003; Starý and Pižl, 2007).
Silvicultural practices proved to reduce oribatid mite species richness
and changed the structure of their communities (Battigelli et al., 2004;
Berch et al., 2007). Similarly different intensities of agricultural dis-
turbances change the community structure of oribatid mites (Crossley
et al., 1992; Scheu and Schulz, 1996; Maraun and Scheu, 2000; Cole
et al., 2008). Different authors underlined that the effect of bioturbators
on oribatid mites in forest soils is more complicated and specifically
dependent on the autecology of individual oribatid species (McLean
and Parkinson, 1998; Maraun and Scheu, 2000). According to our
knowledge the mite fauna in the products of badger activity has not
been the object of acarologists’ research so far.

In the present study we examined the impact of badger mounds on
species richness and the structure of oribatid communities. We compare
oribatid communities between forest soils disturbed by badgers in fresh,

at most 1-year-old mounds and formerly created, approximately 5-year-
old mounds as well as undisturbed forest soil to get an insight into the
direction of temporal changes. We also aimed at linking the changes in
the soil parameters in the mounds generally recognized as affecting soil
mites with the changes in the structure of oribatid mites communities.
This study was designed to test the following hypotheses: (1)
Bioturbation by badgers reduces locally the abundance and species
richness of Oribatida; (2) Oribatid mite communities differ between
badger mounds and typical forest soil, and some species show pre-
ference for one of the habitats; (3) Surface dwelling, eurytopic, primary
decomposers and parthenogenetic species significantly increased at
sites disturbed by badgers.

2. Materials and methods

2.1. Study area

The study was done in the Kampinos Forest, one of the largest (ca.
385 km2) lowland forests in central Poland. It is situated in the Vistula
River Valley, north-west of Warsaw (52.26°–52.40° N, 20.28°–20.88° E;
68–106 m a.s.l.). A transitional climate (with continental and marine
influence) dominates here, with weather conditions being highly vari-
able across months and years. The average annual temperature is
7.7 °C, and average annual precipitation amounts to 546 mm
(Andrzejewski, 2003). Sand of glaciofluvial and fluvial origin is the
dominant substrate. A large part of the terrain is formed by wind-blown
sand, creating dunes overgrown mostly with pine and mixed oak-pine
forests. We searched for badger burrows (as presented in: Kurek, 2011;
Kurek et al., 2014a, 2014b; Kurek and Cykowska-Marzencka, 2016)
over the entire forest area during the 2009–2011 spring seasons. The
burrows were identified as badger setts from observations of tracks,
evidence of burrow cleaning, paths, and the animals themselves
(Kowalczyk et al., 2000). In 2015 we randomly selected 14 badger
burrows to establish our study plots.

2.2. Sampling design and data collection

The study plots were situated in mixed oak-pine forests within a
compact forest patch. We analysed three types of study plots: 1-year-old
mounds (M1) that are freshly raised mounds which were shaped by
badgers not earlier than the last year, characterized by bare soil, not
trodden and not covered by plants; 5-year-old mounds (M5) that were
shaped about 5 years ago with trodden soil mostly covered by vascular
plants and bryophytes (data from personal observations) and control
plots (C) representing the same type of habitat, but having no visible
signs of animal-caused disturbance. Control plots were established 50 m
away in a random direction from badger setts. Each plot has an area of
5 m2 (r = 1.26 m). We collected a total of N = 3 sites × 14 sam-
ples = 42 soil samples to a depth of 7 cm for extraction and species
identification of mites and further 42 samples for soil chemical analysis.
Soil samples were taken after removing the part of organic horizon
consisting of visually recognizable fresh organic residues of litter. Each
soil sample (ca. 250 cm3) constituted composite soil material that was
mixed from three subsamples collected at a particular study plot.

2.3. Extraction and species identification

We extracted mites (Acari) by placing 274 ± 8.5 g of soil
(mean ± S.E., dry weight) in Berlese modified Tullgren funnels. Mites
were extracted over six days. Mites were fixed in 75% ethyl alcohol.
Oribatid mites were further identified to a species level. When possible,
oribatid juveniles were also identified, counted and added to the re-
spective adults. The classification proposed by Weigmann, (2006) was
followed. The identification of oribatid mites to species was based on
the following authors: Olszanowski, (1996), Weigmann, (2006) and
Niedbała, (2008). All observations were performed on specimens

K. Rola et al. Applied Soil Ecology 121 (2017) 20–30

21



cleared in pure lactic acid and mounted in cavity slides. The identified
specimens were deposited in the Department of Ecology at University of
Silesia in Katowice, Poland.

Ecological group composition (e.g. ecomorphological group, habitat
specificity, feeding group and type of reproduction) was assessed based
on: percentage contributions of mites of each group to the total abun-
dance of oribatid mites in the studied sites. Three feeding groups were
selected: primary decomposers (live on decomposing plant material),
predators/scavengers (feeding on high quality resources) and sec-
ondary decomposers (which feed predominantly on litter and fungi).
Species were assigned to individual groups on the basis of information
from many sources (Luxton, 1972; Schatz, 1983; Norton et al., 1993;
Borcard, 1994; Krivolutsky, 1995; Schneider et al., 2004; Cianciolo and
Norton, 2006; Weigmann, 2006; Domes et al., 2007; Domes-Wehner,
2009; Fischer et al., 2014; Wehner et al., 2014; Bluhm et al., 2015; Smrž
et al., 2015).

2.4. Soil analysis

Acidity (pH) was electrometrically determined in 1 M KCl suspen-
sion with a Hach Lange HQ40d pH meter. Organic carbon content
(Corg%) was measured via dry combustion technique with a LECO RC-
612 analyser and total N content (Ntot%) by the Kjeldahl method with a
Kjeltec 2300 Analyzer Unit (Foss Tecator). Conductivity was measured
by conductometer Hach Lange HQ40d. Certified reference materials
(ISE 859, ISE 912, ISE 995) were used for quality assurance.

2.5. Statistical analysis

Estimates of the abundance of mites were presented as the number

of individuals per 100 g dw (dry weight) of soil as it was also commonly
applied by other investigators (e.g. Lindo and Winchester, 2006; Behan-
Pelletier et al., 2008).

After Levene’s test to assess the equality of variances, a one-way
analysis of variance (ANOVA) followed by Tukey’s HSD test was used to
test the differences in soil parameters, number of total, adult and ju-
venile oribatid species as well as the total, adult and juvenile oribatid
abundance. Prior to the analysis, oribatid abundance was log(x + 1)
transformed to achieve normal distribution. The relationship between
soil variables and oribatid community parameters within each study
site were tested with Pearson’s correlation coefficients.

For further analyses only adult oribatid species were included.
Permutational multivariate analysis of variance (PERMANOVA) was
performed to test for differences among study sites in terms of oribatid
species composition (Anderson, 2001), together with post-hoc pairwise
comparisons between particular sites. The analysis was based on the
matrix of species abundance in particular study plots using Bray-Curtis
coefficient with 1000 permutations for each test. Subsequently, we
evaluated which species were most responsible for differentiating or-
ibatid communities using similarity percentage (SIMPER) analysis
(Clarke, 1993).

Canonical correspondence analysis (Legendre and Legendre, 1998)
was applied to relate the abundance of oribatid species to soil variables.
Species abundance is considered to be a response to the gradient of soil
parameters. To assess the statistical significance Monte Carlo test based
on 999 random permutations was applied. To avoid an excessive
amount of noise in the data matrix, which could obscure some data
features, all species present as singletons were excluded from the ana-
lysis. CCA scores for study plots (for the first two axes) were acquired to
create data attribute plot which show oribatid species richness across

Fig. 1. Soil characteristics in particular study sites.
A. Organic carbon content (C-org), B. Total nitrogen
content (N-tot.), C. pH value, D. conductivity.
Whiskers indicate standard deviations. Results of
ANOVA (p < 0.05); F and p values are provided.
Letters denote the results of Tukey’s (HSD) test; dif-
ferent letters indicate significant differences at the
p < 0.05 level. M1–1-year-old mounds, M5–5-year-
old mounds, C – control forest soil.
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all examined plots. Subsequently, non-metric multidimensional scaling
(NMDS) was used to find the pattern of similarities between differently
aged badger mound plots (M1 and M5) in terms of oribatid species
composition (Taguchi and Oono, 2005). The soil variables (Corg%,
Ntot%, C/N ratio, pH, conductivity) as well as community parameters
(abundance and number of Oribatida species) were passively fitted to
the ordination space. The analysis was performed using Bray-Curtis
coefficient.

Significance of differences between means of abundance of oribatid
species belonging to different ecological groups between particular
study sites was tested with one-way ANOVA. Prior to the analysis, or-
ibatid abundance was transformed to log(x + 1) to provide normal
distribution of the data.

The statistical calculations were performed using STATISTICA 12
(Statsoft, 2014) and PAST 3.10 (Hammer et al., 2001).

3. Results

3.1. Soil conditions

The basic soil conditions differed significantly between the analysed
sites (ANOVA; p < 0.05). The content of organic carbon (Corg.) on two
types of mounds were generally similar and very low amounting on
average 0.45% and 0.82% for M1 and M5, respectively. Similarly, low
total nitrogen (Ntot.) content was recorded, on average 0.02% and
0.04% for M1 and M5, respectively. In control plots the content of both
Corg. and Ntot. was significantly higher than in the mounds (Fig. 1). The
value of pH was significantly the highest on M1 mounds (on average
5.46) and on older mounds was significantly lower (on average 4.68),
whereas in control plots was distinctly the lowest (on average 3.77).
Conductivity measured in mound soils was very similar and low (on
average 95.4 and 94.9 μS/cm in M1 and M5, respectively). Control soils
were characterized by significantly higher conductivity that reached
the maximum of 226 μS/cm.

3.2. Abundance of oribatid mites across study sites

In total, 648 specimens of Acari were collected, with a significant
proportion of oribatid mites (579 specimens). Forty-nine percent of
Oribatida specimens were found in badger mounds (M1 and M5). We
found significant differences in the abundance of total oribatids as well
as the abundance of adult and juvenile oribatids between studied sites
(ANOVA; p < 0.05). Tukey’s post-hoc test revealed significant differ-
ences in adult abundance of oribatids only between M1 mounds and
control plots, where this parameter proved to be significantly lower in
M1 mounds. The M5 mounds and control plots proved to have sig-
nificantly higher abundance of total and juvenile oribatids (Fig. 2).

3.3. Oribatid species composition and species richness patterns

70 species of oribatid mites belonging to 48 genera were identified
(see Table S1). The total number of oribatid species recorded in parti-
cular study sites was the highest on M5 mounds (52), which was almost
1.5 times greater than in M1 mounds (36) and control plots (36). As
many as 38 species (54% of the total number of species) were restricted
to one of the study sites (see Table S2). The M5 mounds had the highest
number of exclusive species amounting 20 species. 11 species were
specific for M1 mounds and 10 species were restricted to control plots.

Differences in mean species richness between study sites were also
pronounced (Figs. 2 and S1, Table S2). We found significant differences
in the number of oribatid species as well as the number of adult and
juvenile oribatid species between study sites (ANOVA; p < 0.05).
However, Tukey’s post-hoc test revealed significant differences in these
parameters only between M5 and M1 mounds. The highest mean
number of oribatid species was recorded on M5 mounds (10.57), it was
slightly lower in control soil (9.07), whereas M1 mounds were

characterized by significantly lower number of species (5.5). Similar
trend concerned number of juvenile and adult species (Fig. 2).

Oribatid species composition proved to differ significantly among
studied sites (PERMANOVA; F = 5.18, p = 0.0001). Pairwise compar-
isons revealed significant differences between all sites (p < 0.001). Six
oribatid species: Microppia minus, Oppiella (O.) nova, Tectocepheus ve-
latus velatus, Micreremus brevipes, Adoristes ovatus, and Tectocepheus ve-
latus alatus made strong contributions to differentiating the control
plots from mounds M1 and M5 (SIMPER analysis), with the first three
associated with control plots, and the latter three mostly confined to
mounds (Table 1). Species composition also differed significantly be-
tween M1 and M5, with A. ovatus being most abundant in M1 and M.
brevipes, T. velatus alatus, Achipteria coleoptrata, and Conchogneta dale-
carlica in M5 (Table 1, Table S2).

NMDS ordination showed the similarities of badger mound plots in
terms of oribatid species composition (Fig. 3). The plots were rather
evenly scattered, but those of M1 and M5 mounds were clearly sepa-
rated along the first axis. Young mounds (M1) were also characterized
by the highest pH value and relatively high C/N ratio. The plots of older
mounds (M5), concentrated on the right side, were characterized by
higher abundance of Oribatida, as well as higher contents of organic
carbon and total nitrogen.

3.4. Oribatid mite and soil parameters

The relationship between oribatid species composition and soil
parameters were determined by CCA (Fig. 4). The eigenvalues of axes 1
and 2 were 0.488 and 0.304, respectively. The cumulative percentage
of variance accounted for by the first two axes equalled 82.73% (50.93
and 31.8%, respectively, for the first and second axes). The Monte Carlo
permutation test showed that both the first axis and all canonical axes
taken together were statistically significant (p = 0.009 and p = 0.027,
respectively). The ordination diagram distinguished control plots on the
right side of the diagram from differently aged mounds on the left side
(Fig. 4). Moving from the left to the right side of the diagram, soil pH
decreased and the content of organic carbon and total nitrogen in-
creased. The scatter pattern of species may be divided into two main
branches. The species associated with control plots were clustered in
the right portion of the diagram. There were five species grouped on the
lower right side that were exclusive for control plots. Nanhermannia
nana, Nothrus silvestris, Pergalumna nervosa, Porobelba spinosa and Me-
tabelba papillipes were included to this group. The next seven species
grouped on the right side, i.e. M. minus, Suctobelbella subcornigera, O.
nova, Scheloribates (Hemileius) initialis, Oribatula tibialis, Oppiella (O.)
falcata and Steganacarus magnus, were also highly associated with
control plots occurring there abundantly, but were only sporadically
recorded on mounds. All these species were associated with higher soil
fertility and lower pH values. Most species concentrated on the left side
of the graph included species exclusive to mounds with those outermost
on the left being exclusive to the younger mounds (e.g. Oppiella (Rhi-
noppia) subpectinata, Punctoribates punctum, Platynothrus peltifer, Da-
maeus riparius). There was a small number of species (10) indifferent to
analysed soil parameters, not strictly associated with mounds or forest
soils (Fig. 4).

In most cases the abundance of total, adult and juvenile oribatids
responded significantly and positively to the higher content of total
nitrogen and conductivity of soil (Table 2). In the soil of older mounds
both organic carbon and total nitrogen significantly affected the
abundance of all and adult oribatids. The only parameter that sig-
nificantly influenced the number of oribatid species was total nitrogen
content. More specifically this parameter positively affected the number
of total and adult oribatid species on M5 mounds, whereas in case of M1
mounds and control plots total nitrogen influenced the number of ju-
venile oribatid species.
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Fig. 2. Mean values of Oribatida community parameters in particular study sites. A. Total abundance, B. Number of total oribatid species, C. Abundance of adults, D. Number of adult
oribatid species, E. Abundance of juveniles, F. Number of juvenile oribatid species. Whiskers indicate standard deviations. Results of ANOVA (p < 0.05); F and p values are provided.
Letters denote the results of Tukey’s (HSD) test; different letters indicate significant differences at the p < 0.05 level. M1–1-year-old mounds, M5–5-year-old mounds, C – control forest
soil.
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3.5. Ecological groups in oribatid communities

The proportion of particular ecomorphological group in the total
abundance of oribatid fauna of the study sites showed a distinct ten-
dency (Fig. 5). In M1 mounds surface dwelling oribatids constituted
50% of the total fauna abundance, but the proportion of this group was

clearly lower in M5 mounds and the lowest in the control plots, in
which this group accounted for less than 20%. Conversely, the share of
soil dwelling oribatids was the lowest in M1 mounds (in which it
reached ca. 30% of the total fauna abundance) and the highest in the
control plots (60%). Significant differences in the abundance of soil-
dwelling oribatids between M1 mounds and control plots were evident
(ANOVA, p < 0.05). Considering habitat specificity groups, the
abundance of eurytopic taxa was significantly higher in control plots
(ANOVA; p < 0.05) compared to the remaining study sites, in which
forest species clearly dominated. It is also worth mentioning that the
proportion of open habitat taxa was the highest in M5 mounds. In terms
of type of feeding type, the proportion of primary decomposers was the
highest at M1 mounds and lower at others sites (AVOVA; P < 0.05),
whereas the proportion of predators/scavengers was low at badger
mounds and very high (exceeded 58% of the total fauna abundance) at
the control plots (ANOVA; p < 0.05). The proportion of secondary

Table 1
Oribatid species most responsible for differentiating oribatid communities between study sites (SIMPER analysis). M1–1-year-old mounds, M5–5-year-old mounds, C – control forest soil.

Taxon Average dissimilarity Contribution% Cumulative% Mean abundance 1 Mean abundance 2

C vs. M1
Microppia minus 14.7 16.35 16.35 2.64 0.035
Oppiella (O.) nova 11.9 13.23 29.58 1.19 0.0194
Adoristes ovatus 6.527 7.259 36.84 0.0548 0.473
Tectocepheus velatus velatus 5.121 5.696 42.54 0.429 0.192
Achipteria coleoptrata 4.761 5.295 47.83 0.395 0.0541
Carabodes labyrinthicus 3.875 4.309 52.14 0.214 0.0903
Suctobelbella subcornigera 3.577 3.978 56.12 0.264 0.0201

C vs. M5
Microppia minus 12.65 14.71 14.71 2.64 0.0216
Oppiella (O.) nova 9.987 11.62 26.33 1.19 0.13
Micreremus brevipes 7.451 8.668 35 0.0613 0.739
Tectocepheus velatus alatus 4.632 5.388 40.39 0.165 0.445
Tectocepheus velatus velatus 3.902 4.539 44.93 0.429 0.16
Achipteria coleoptrata 3.607 4.195 49.12 0.395 0.211
Carabodes labyrinthicus 3.044 3.541 52.66 0.214 0.133

M1 vs. M5
Micreremus brevipes 10.42 11.74 11.74 0.191 0.739
Adoristes ovatus 7.61 8.572 20.31 0.473 0.0256
Tectocepheus velatus alatus 7.202 8.113 28.43 0 0.445
Tectocepheus velatus velatus 3.945 4.444 32.87 0.192 0.16
Achipteria coleoptrata 3.865 4.353 37.22 0.0541 0.211
Conchogneta dalecarlica 3.699 4.167 41.39 0.0244 0.245

Fig. 3. Non-metric multidimensional scaling (NMDS) plot for the first two axes re-
presenting differently aged badger mounds (M1–1-year-old mounds, M5–5-year-old
mounds) in terms of oribatid species composition. The soil variables and community
parameters were passively fitted to the ordination space. The stress value is 0.109.

Fig. 4. Canonical correspondence analysis (CCA) ordination diagram (first two axes) for
oribatid species abundance and basic soil characteristics of the studied plots (M1–1-year-
old mounds, M5–5-year-old mounds, C – control forest soil). Rounds, triangles and dia-
monds represent oribatid mite communities at the given plots from particular study sites.
Codes of species see Table S1.

Table 2
Pearson correlation coefficients for soil variables and oribatid community parameters
within particular study sites. Significant correlations (p < 0.05) are marked in bold.
M1–1-year-old mounds, M5–5-year-old mounds, C – control forest soil.

Community parameters study site Corg Ntot pH conductivity

total abundance M1 0.04 0.27 0.49 0.74
M5 0.64 0.73 0.31 0.60
C 0.27 0.55 −0.07 0.23

abundance of adults M1 0.02 0.19 0.46 0.70
M5 0.57 0.66 0.13 0.45
C 0.27 0.52 −0.05 0.22

abundance of juveniles M1 0.17 0.68 0.47 0.55
M5 0.49 0.54 0.62 0.68
C 0.23 0.56 −0.16 0.22

number of total oribatid
species

M1 0.07 0.15 0.37 0.50
M5 0.48 0.69 0.40 0.50
C 0.07 0.40 −0.23 0.23

number of adult oribatid
species

M1 0.08 0.04 0.29 0.46
M5 0.42 0.68 0.37 0.46
C −0.04 0.29 −0.23 0.15

number of juvenile oribatid
species

M1 0.17 0.71 0.35 0.40
M5 0.36 0.37 0.13 0.34
C 0.40 0.61 −0.27 0.41
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decomposers was generally low at all sites. A clear differentiation in the
abundance of oribatid mites with different type of reproduction was
evident. Sexually reproducing species clearly dominated in M1 mounds
(ca. 80% of the total fauna abundance), in M5 mounds the proportion of
sexual and parthenogenetic taxa was quite similar. Whereas in control
plots the predominance of parthenogenetic taxa was clearly visible (ca.
70% of the total fauna abundance). Moreover, ANOVA confirmed sig-
nificant differences in the abundance of parthenogenetic species be-
tween control plots, M1 and M5 mounds (Fig. 5).

4. Discussion

4.1. Abundance and species richness

Evident changes in oribatid communities in terms of abundance and
species richness were observed as a result of the disturbing activity of
badgers. The abundance of oribatids was the lowest in young mounds
(M1) compared to the older ones (M5) and control plots. Oribatid mites
of the temperate forest soils prefer generally upper F and L soil horizons
and do not penetrate into deeper soil layers (Starý and Pižl, 2007).
Hence, most of oribatid species live in the upper 5 cm (85–95%) and
their low abundance in fresh mounds (M1) is probably related to the
activity of badgers in two ways: firstly, badgers move considerable
amounts of material from deeper layers to the surface, and secondly
they remove large amount of original litter from topsoil. Consequently,
badger activity evidently contributes initially to a reduction in the
abundance of oribatids. Berch et al. (2007) recognized mounding as the
most severe treatment at the micro-site scale, reducing the density of
mites. A similar phenomenon was observed by many authors with re-
gard to soil perturbations caused by earthworms, in which earthworm

activity reduces oribatid mite populations (Brown, 1995; McLean and
Parkinson, 1997; Maraun et al., 2001). Maraun et al. (2003) found that
the density of oribatid mites was gradually reduced with increasing
intensity of perturbations. However, our study showed that with time
the abundance of oribatids increased after five years from the dis-
turbance, and in badger mounds (M5) the abundance was compara-
tively high and not statistically lower than in undisturbed forest soils.
Comparatively high abundance in M5 mounds is surprising since sev-
eral authors reported that changes in oribatid mite communities can
stay pronounced for a long time. Oribatid mites are considered as mi-
croarthropods that slowly recolonize formerly disturbed habitats
(Maraun and Scheu, 2000) and need a comparable long time period for
the recovery from initial disturbance (Wissuwa et al., 2013). In the
latter study, oribatid mite abundance declined from young fallows over
mid-aged fallows to old ones. Colonization of young soils by oribatid
mites proceeds over longer temporal scales than by Collembola
(Dunger, 1968; Beckmann, 1988). An oribatid mite population of about
10,000 individuals per square meter was found 5 years after exploita-
tion of the iron metallurgic dump was stopped (Skubała, 1995). This is
due to their limited mobility (Ojala and Huhta, 2001) and the low re-
production capacity of some species (Dindal, 1990). Oribatid mites are
typical K-strategists and have low potential for fast expansion and co-
lonization of new habitats (Lebrun and van Straalen, 1995; Behan-
Pelletier, 1999). However, with regards to dispersal of oribatid mites by
active migration, recently Miko (2016) documented that at least one of
the oribatids – surface dwelling Damaeus onustus – is able to disperse
actively faster and over larger distances that generally anticipated of
oribatid mites. The author suggested that oribatids, when in stress, have
the potential to cover larger distances to colonize new habitats. Fur-
thermore, Lehmitz et al. (2012) concluded that active dispersal is an

Fig. 5. The proportion of particular ecomorpholo-
gical groups (A), habitat specificities (B), types of
feeding groups (C) and reproduction types (D) in the
total abundance of oribatid mites for particular sites
(M1–1-year-old mounds, M5–5-year-old mounds, C –
control forest soil). The abbreviations as follow:
ecomorphological group: Sf – surface dwelling; S –
soil dwelling; L – litter dwelling; Ns – non-specia-
lized; habitat specificity: E – eurytopic; F – forest; O –
open habitat; feeding groups: Sd – secondary de-
composers/fungal feeders; Ps – predators/sca-
vengers; Pd – primary decomposers; Lf – lichen
feeder; reproduction type: P – parthenogenetic; S –
sexual;? – unknown.
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important dispersal mechanism in the colonization of young soils.
The reason of the observed pattern in our study can be also asso-

ciated with the passive dispersal of oribatid mites. Small mammals and
insects pick up and disperse the mites passively (Norton, 1980; Miko
and Stanko, 1991). Birds are important dispersers for oribatid mites as
they can be carried in large numbers in bird plumage (Lebedeva, 2012).
Even humans disperse oribatid mites (Hammer, 1969). Wind dispersal
is another important migration pathway in the colonization of new
habitats by oribatids (Karasawa et al., 2005; Lehmitz et al., 2011).
Moreover, oribatid mites are considered highly sensitive to most dis-
turbances of soil (Norton and Palmer, 1991; Battigelli et al., 2004).
However, mite species react differently to certain kinds of disturbance
(Starý and Pižl, 2007). This is also confirmed in this study, since the
most symptomatic changes relate to the composition and species rich-
ness of oribatid mite communities.

In the case of abundance, the lowest species richness was observed
in young mounds. However, the highest total and mean number of
species were noted in M5 mounds. Moreover, older mounds were
characterized by the highest number of exclusive species. This suggests
that intense and recent soil disturbance, induced by badgers, reduce the
diversity of oribatid mites, but with the passage of the next few years,
the number of species in this habitat has rapidly increased and exceeded
species richness recorded in undisturbed forest soil. With regard to
other sources of disturbance, the authors observed that the disturbance
effect persists longer than a 5 year period (Zaitsev et al., 2002; Berch
et al., 2007). However, in favour to our finding there are also evidences
for fast re-establishment of oribatid communities after the fire dis-
turbance, especially in the less severely burnt forest. For example,
Murvanidze et al. (2008) found significant faunal recovery after the one
year from fire. Nevertheless, this happens only in case of very slight
fires. The highest species richness observed at M5 (representing an in-
termediate disturbance) supports the intermediate disturbance hy-
pothesis. It is surprising because Maraun et al. (2003) suggested that
the intermediate disturbance hypothesis may not apply to soil oribatid
mites.

4.2. Community composition

As we hypothesized, the mounds and forest habitats were pre-
dominantly occupied by different species resulting in dissimilarities in
community composition. Unable to deal with inversion and some
mixing of the forest floor and mineral soils, some species would decline
and other would prosper. The ordination shows distinguishable groups
of species associated with M1, M5 mounds and forest soils with
Microppia minus and Oppiella (O.) nova being most negatively affected
by the activity of badgers. It is surprising as both species are eurytopic
soil dwelling parthenogenetic organisms that readily inhabit pine and
mixed forests in Poland (Seniczak et al., 2006). They are able to rapidly
occupy a diverse range of habitats in large numbers (Rjabinin and
Pan’kov, 1987). Furthermore, Oppidae have been shown to be tolerant
to disturbance (Maraun et al., 2003). On the other hand, the abundance
of O. nova decreased after a long time of earthworm activity (McLean
and Parkinson, 1998) and in clearcuts (Lindo and Visser, 2004).

Adoristes ovatus, Micreremus brevipes and Tectocepheus velatus alatus
also contributed significantly to the differences between control plots
and mounds. A. ovatus is a surface dweller forest species that reproduce
sexually. Still little is known about dispersal capability of this species,
however its wide distribution clearly indicate that some dispersal me-
chanisms exists (Schuster and Murphy, 1991). This is an interesting
phenomenon because the species is typical for young mounds and oc-
curs there in the greatest abundance (Fig. 4, Table 1). Similarly, Irmler
(2000) found that A. ovatus is a typical early coloniser in beech and
mixed forests. This species was also frequently recorded in nests of
small mammals in Carpathians (Bukva et al., 1976). Moreover, this
species proved its opportunistic characteristics by insensitivity to
human disturbance and heavy metal stress (Feketeová et al., 2015). Our

results confirm that it is a typical first coloniser, because in older
mounds it occurs only sporadically. M. brevipes is an arboricolous forest
soil dwelling species. We found that this species occurred sporadically
in the control plots. It was often observed in young mounds and the
highest abundance was noted in the old mounds. M. brevipes was also
found in habitats created by animals, such as nests of Bubo bubo (Eur-
asian eagle-owl) (Fain et al., 1993). Similar pattern concerns the par-
thenogenetic species T. velatus alatus, which proved to be associated
mainly with open habitats, such as meadows (e.g. Lazarus and Krisper,
2014). Species of the genus Tectocepheus are regarded as very resistant
to mechanical perturbations (Maraun et al., 2003). The colonization of
these two species indicates a shift in the soil microhabitat induced by
badgers. According to Behan-Pelletier (1999) greater densities of small
species (two aforementioned species) can indicate a recent disturbation.

It is noteworthy that over 58% of the total number of species was
restricted to one of the study sites and M5 badger mounds were char-
acterized by the highest number of exclusive species (38.5%). Most of
these species, were observed in low numbers. Only about 14% of the
total number of species was indifferent with equal abundance in studied
sites. Nonetheless most of the species with a preference for mounds are
frequently found in various habitats both regionally (Olszanowski et al.,
1996) and in other parts of Europe (Weigmann, 2006); thus they cannot
be classified as characteristic for mounds.

Our results showed that temporal changes in the structure of or-
ibatid communities in badger mound soils are rapid and the process of
species composition and richness changes is dynamic. We can con-
cluded that badger mounds may be considered as “habitat patches”,
well distinguishable environments in the forest ecosystems.

4.3. Oribatid mite responses to soil variables

We demonstrated that Meles meles is evidently an effective bio-
turbator having a potential to substantially affect the soil environment
in forest ecosystems. Badger mounds differ from adjacent soil in a
number of chemical characteristics. In general they possess a lower
amount of carbon, nitrogen and also conductivity is significantly lower
in mounds than in forest soil (Fig. 1). The trend of pH is reversed, being
the highest in M1 mounds. A characteristic feature of temperate forest
soils is a distinct increase of pH with depth (e.g. Blaser et al., 2008;
Neupane and Roberts, 2009). This is the result of topsoil acidification
by products of tree litter decomposition and microbial respiration, as
well as by plant root exudates (Jobbágy and Jackson, 2001; Brady and
Weil, 2004). Burrowing carnivores like badgers can break this stratifi-
cation. They are able to move considerable amounts of material from
deeper layers to the surface, so that the mound areas become less acidic
(Kurek et al., 2014a, 2014b). Soil pH is one of the main factors influ-
encing oribatid abundance and communities (Hågvar, 1987; Lebrun
and van Straalen, 1995) and the increase of pH is not preferred by
oribatids as they occur most frequently in acidic soils. Burrowing also
may shift pools of carbon and nitrogen in soils (Wilske et al., 2015). In
most soils these elements accumulate in upper horizons in the form of
organic matter. Badgers bury part of the original topsoil under ex-
cavated material, which is poor in organic substances, and this reduces
nutrient availability around their burrows (Kurek et al., 2014a, 2014b).
The great impact of organic carbon content on the abundance and
structure of oribatid communities was frequently recorded (e.g.
Wissuwa et al., 2013). Oribatid mites mainly feed on microorganisms
and dead organic matter, thus their abundance is higher in soils with
greater content of organic carbon (Fig. 2). The conductivity was sig-
nificantly lower in mound soils compared with undisturbed forest soil
(Fig. 1). Since conductivity can almost be viewed as the quantity of
available nutrients in soil, it can be assumed that there is not enough
nutrients available to the plant and these soils are characterized by
generally low microbial activity. Similarly, Eldridge and Whitford
(2009) found that the disturbance caused by the American badger
(Taxidea taxus) causes a decrease in soil conductivity. High conductivity
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proved to be positively associated with soil arthropod abundance and
diversity (Barbercheck et al., 2009), which is consistent with our results
in relation to oribatid abundance. It can be concluded that badgers
function as ecosystem engineers, modify their physical environment
and finally influence mite abundance and community composition.

4.4. Ecological diversity of oribatid mite fauna in study sites

The studied oribatid communities associated with three different
soil disturbance regimes were characterized by changes not only in
species composition but also by the gradual shifts in the ecological
group proportion from recently disturbed soil (M1) across soil disturbed
at least five years ago (M5) to undisturbed soil (C). The high proportion
of surface-dwelling oribatids, sexually reproducing species and sig-
nificantly higher proportion of primary decomposers in young mounds
reflect the radical change of habitat conditions for soil oribatid mites as
a result of badger activity (Fig. 5).

As regards to ecomorphological differentiation, the most sympto-
matic is the higher proportion of surface dwellers than soil dwellers in
young mounds (M1), whereas in undisturbed soil (C) soil dwellers
clearly dominate. This is due to the fact that young mounds were re-
cently intensively dug up by badgers. Such mechanical disturbance is
not favorable for small dwellers occurring in narrow soil pores. In such
conditions, inhabitants of the soil surface are favored. In the literature,
some authors observed the correlation between the disturbance toler-
ance of oribatid species and their preference for topsoil (van Straalen
and Løkke, 1997), whereas the others did not (Prinzing et al., 2002).

In terms of feeding guilds, the higher proportion of primary de-
composers in young mounds is the evidence of a shortage of litter and
fungi. Conversely, the growing proportion of predators/scavengers in
older mounds and undisturbed sites indicate ongoing decomposition
processes. However, it is surprising that there was no significant change
in the proportion of secondary decomposers. Farská et al. (2014) noted
a high contribution of carni- and fungivores in the Oribatida commu-
nity in unmanaged stands in forests. The data on the shift of trophic
groups as a result of another kind of disturbance, e.g. plant invasion was
observed by Hartley et al. (2004), Kappes et al. (2007) and Skubała
(2012), with regard to different groups of arthropods. Against ex-
pectation the proportion of eurytopic species was higher in undisturbed
forest soils than in badger mounds. It was mainly caused by the high
proportion of the small euedaphic M. minus (31.7%) in the control,
which is typical inhabitants of mineral layers of soil (Weigmann, 2006).

We observed distinct differences in the proportion of oribatid mites
with different reproduction types across study sites, with characteristic
gradual increase in the percentage of parthenogenetic species with time
after soil disturbance. Typically, in temperate forests the proportion of
parthenogenetic species and individuals in oribatid mite communities is
high (Fischer et al., 2010; Maraun et al., 2013). According to the
“general-purpose genotype” theory, parthenogenetic reproduction may
prevail in unstable habitats due to less specialized genotypes in par-
thenogenetic species (Lynch, 1984). Our results do not support the
above explanation for the distribution patterns of oribatid mites, as
badger activity does not increase the proportion of parthenogenetic
species in oribatid communities. Oppositely, the proportion of parthe-
nogenetic oribatids was over two times lower in young mounds (M1)
than in the control plots. Similarly, Maraun and Scheu (2000) revealed
a high proportion of sexual species in soils of meadows and grasslands
− both disturbed habitats. Scheu and Drossel (2007) presented a model
which explains the dominance of sexuality or parthenogenesis in a
given soil-related substrate by the nature and abundance of resources.
One of the key features of the model is that sexual reproduction sets in
when resources become scarce. It seems that this trait well explains the
observed habitat-reproductive-mode relationships in the present study.
Previously, Fischer et al. (2014) and Mumladze et al. (2015) observed
that limited resource accessibility (at high altitudes) favors sexually
reproducing oribatid species, whereas ample resource supply (at lower

altitudes) favors parthenogenetic species. Furthermore, Skubała (2012)
noted that sexually reproducing mites dominated at sites invaded by
giant knotweed Fallopia sachalinensis which simplifies vegetation
structure. This proves that the disturbance of the soil caused by badgers
is not the most important factor affecting oribatid mites, but the
shortage of resources is probably a major factor shaping the abundance
of mites with different modes of reproduction.

4.5. Bioindicative role of oribatid community structure

The application of oribatid mites as a bioindicator group has been
suggested by several researchers (e.g. Lebrun and van Straalen, 1995;
Behan-Pelletier, 1999; Gulvik, 2007; see also Gergócs and Hufnagel,
2009). Based on specific characteristics of oribatids, it is widely be-
lieved that they can be used for various indication purposes. The pre-
sent study indicates the potential use of oribatid community structure
as a good bioindicator of soil disturbance caused by mammal activities
involving deep digging in soil and heaping mounds in temperate forests.
Oribatid communities seem to be suitable to predict to what extent a
given forest site could be considered undisturbed in the past or dis-
turbed by mammal activities. Moreover, the distinct changes in the
structure of these communities with time revealed in the present study,
allow to presumably determine the approximate time of the dis-
turbance. The practical application would require the determination of
species composition, abundance of individual species and the analysis
of the ecological groups proportion. In the context of the present study
two basic characteristics of oribatid mite communities make them po-
tentially good bioindicators of changes in soil conditions in temperate
forest ecosystems caused by badger disturbances. Firstly, they con-
stitute one of the most numerous components of soil mesofauna in
forests. Secondly, they proved to respond rapidly to disturbance and
soil parameters changes (see also Lebrun and van Straalen, 1995). We
observed that temporal changes in the structure of oribatid commu-
nities are very dynamic and oribatids respond very quickly to changes
in the content of organic carbon and total nitrogen as well as pH. Apart
from this, our results showed that some ecological groups indicate soil
disturbance well. This supports previous observations that Oribatida
faunistic composition analysis provides information on succession and
changes in nutrient status, fertility and acidity of soil (Osler and
Murphy, 2005).

5. Conclusions

Badgers function as ecosystem engineers, modify their physical
environment and finally influence oribatid mite abundance and com-
munity composition. Badger mounds can be regarded as “habitat pat-
ches” − distinguishable environments in the forest habitats and im-
portant habitats for maintaining biodiversity of oribatid mites. Badger
activity affects also the composition of ecological groups in oribatids,
toward surface dwelling, primary decomposers and sexually reprodu-
cing species. The observed increase in sexually reproducing oribatid
mites suggests that this way of reproduction is preferable when re-
sources are in shortage. Additionally, oribatid mites appeared to be
good indicators of changes related to soil disturbance caused by badger
activities involving deep digging in soil and heaping mounds in tem-
perate forests.
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