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3 Department of Animal Taxonomy and Ecology, Faculty of Biology, Adam Mickiewicz University,
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Abstract

Legal forms of nature conservation rarely take invertebrates into account, including soil
fauna, and therefore they are of limited effectiveness for this group of organisms. The
aim of this study was to assess how natural heterogeneity of nature reserves influences
preservation of the biodiversity of soil invertebrates. The research was conducted in the
period 2024–2025 in ten habitat-diverse nature reserves located in north-western Poland.
The model group used in this study were ptyctimous mites (Acari: Oribatida), which
are among the best-studied free-living mites in Poland. In 176 samples collected from
20 types of habitats, 21 species were identified, representing 50% of all ptyctimous mites
known from Poland. The number of species recorded in each reserve ranged from 12 in
Przełom rzeki Dębnicy reserve to 16 in Dęby Wilczkowskie reserve. The highest Shannon–
Weaver diversity index, has been recorded for Nad Jeziorem Liptowskim reserve. None of
the species recorded in the examined sites was very frequent or highly abundant, which
indicates a balanced community structure and absence of major disturbances in the soil
environment of the examined reserves. The species occurring in all ten reserves and in the
majority of habitats were common in the whole area of Poland: Euphthiracarus cribrarius
(Berlese, 1904), Phthiracarus laevigatus (C. L. Koch, 1841), Phthiracarus longulus (C. L. Koch,
1841), and Phthiracarus nitens (Nicolet, 1855). In contrast, Mesotritia nuda (Berlese, 1887) and
Microtritia minima (Berlese, 1904) were the two stenotopic species. The species diversity
of communities in the examined reserves was determined mostly by the habitat diversity
within the reserves and by their history. The results indicate that in order to protect diverse
communities of soil fauna it is crucial to protect many small, yet habitat-diverse, areas.

Keywords: biodiversity; monitoring; moss mites; protected area; ptyctimous mites;
soil fauna

1. Introduction
Traditional, conservation-oriented approaches, such as legally protected areas and

species protection, rarely take invertebrates into account. This is mainly because legal
species protection applies to relatively few invertebrate species, mainly insects and mol-
lusks [1], while neglecting the majority of other invertebrates, which in fact constitute
the overwhelming majority of all animal species [2–6]. Soil fauna are among the groups
which are almost never included in conservation plans for parks or nature reserves, as
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they are not legally protected [1,7–12]. However, these organisms may to some extent
benefit from umbrella protection in some protected areas established for other species or
values [13–17], but effective protection of soil fauna is difficult mainly due to insufficient
knowledge about their biology and ecology. It is known that most invertebrates are much
more demanding in terms of their habitat requirements than vertebrates, especially with
regard to microhabitats [3,13]. The decisive factors for these organisms are species com-
position of the tree stand, age of the forest, internal heterogeneity of habitats, humidity,
shading, and other specific combinations of environmental factors, many of which have not
yet been fully defined [18–20]. A number of previous studies have shown that in legally
protected areas both the species diversity and abundance of soil mites are usually higher
than in non-protected areas [18,21–24], which indicates that area-based forms of nature
protection and its duration also have an impact on the species diversity of soil fauna in a
given region [25,26]. However, such studies are still quite scarce, especially with regard
to some groups of soil fauna, including oribatid mites. Many previous studies published
so far are mainly faunistic and they do not include a larger number of examined sites and
do not discuss the relationships between the communities occurring there and the habitat
heterogeneity within them.

Based on these considerations, we decided to assess how the environmental diversity
of selected existing nature reserves may influence the preservation of soil invertebrate
biodiversity. We decided to use ptyctimous mites (Acari: Oribatida) as a model group,
which are among the best taxonomically studied groups of free-living mites in Poland [27,28].
Currently, 43 native species of these mites and five introduced species (found in Polish
palm houses) are known from Poland [27,29–31]. Ptyctimous mites occur frequently and in
high abundance in various types of habitats and microhabitats, where they constitute an
important component of soil mesofauna. For this reason they are the right model group for
any ecological research. Like other oribatid mites, ptyctimous mites play a significant role in
the process of mechanical fragmentation of organic matter, its accumulation, and humus
formation [32]. Previous studies indicate that in the whole area of Poland the most abundant
species of all ptyctimous mites are subdominants, constituting approximately 2–7% of all
the total number of oribatid mites [33]. However, little is still known about the biology
and ecology of individual species within this group, as well as the community structure
in different habitats. The earlier studies published so far represent only a small portion of
all studies devoted to these mites [22,23]. It is also unknown how habitat heterogeneity
and duration of area protection can influence species diversity and community structure of
these mites.

Accordingly, we decided to fill this void and conduct the research in the area of
10 selected forest reserves in the West Pomeranian Province (N-W Poland). It should be
noted that in this region no comprehensive acarological studies have been conducted so far.
Although some records of mites from this province can be found in several monograph
studies concerning various mite groups in Poland [27,34–37], they do not provide any
comprehensive information on of the biodiversity of the acarofauna in this area.

The major objectives of this study were as follows: (i) to determine species diversity
and differences in the structure of ptyctimous mite communities in the selected reserves
and in the habitats and microhabitats examined within them, and (ii) to identify the
habitat preferences of the recorded species and the factors which determine the ptyctimous
mites’ community structure in the examined nature reserves. Regarding the framework
of the current study, the following research hypotheses were tested: (i) the reserves with
greater habitat heterogeneity are characterized by higher species diversity of ptyctimous
mites; (ii) the duration of reserve protection affects the structure of the examined mite
communities.
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The present study is in fact a pilot research project and may serve as comparative
material for the future monitoring procedures and measures for the invertebrate fauna in
the examined reserves. It is expected that this study will also make it possible to assess
both the scale and the direction of changes occurring in this group of mites in individual
reserves in the future.

2. Materials and Methods
2.1. Study Area

The study was conducted in 10 selected nature reserves located in the West Pomeranian
Province (north-western Poland), at the Baltic Sea coast (Figure 1). Six of the investigated
sites were forest reserves, while the remaining ones include floristic reserves and one of
them was a landscape reserve:

Figure 1. Distribution of examined nature reserves (black dots) in the area of West Pomeranian
Province (north-western Poland).

Buczyna [53◦56′58′′ N, 16◦40′22′′ E] is a forest reserve established in 1984 covering an
area of 9.81 ha [38]. It was established to preserve a fragment of a beech forest of the acid
lowland beech type (Luzulo pilosae-Fagetum), having features of a primeval forest.

Cisy Tychowskie [53◦56′18′′ N, 16◦20′0′′ E] is a floristic reserve established in 1980
with an area of 10.28 ha [39]. The reserve contains regenerating populations of the yew
(Taxus baccata), including about 70 individuals aged 120–140 years. In addition to that, the
area is covered by a beech stand with admixtures of hornbeam trees (Carpinus sp.), oaks
(Quercus sp.), alder (Alnus sp.), birches (Betula sp.), and spruce trees (Picea).

Dęby Wilczkowskie [53◦40′36′′ N, 16◦39′45′′ E] is a small floristic reserve with an
area of 1.62 ha, established in 1974 [40]. It protects an old-growth oak stand with an
acid lowland beech forest (Luzulo pilosae-Fagetum) and a subatlantic oak–hornbeam forest
(Stellario holosteae-Carpinetum betuli), including valuable populations of protected plants
such as Gagea spathacea. The analysis of archival materials, including historical maps,
indicates that the reserve was established in an area of a former forest or monastic park,
which had existed there since at least the second half of the 19th century.
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The forest reserve called Grądowe Zbocze [53◦16′18′′ N, 15◦34′20′′ E] was established
in 1996 and covers 33.22 ha [41]. It was established to preserve ecosystems of fertile
deciduous forests and spring complexes, along with their natural dynamics.

Łasko [53◦4′30′′ N, 15◦46′0′′ E] is a strictly protected forest reserve, established in 1964,
covering 16.98 ha [42]. The major objective to establish it was to preserve the biocenotic
and landscape values of the forest peninsula of Lake Przytoczno, including the valuable
phytocoenoses such as the acid lowland beech forest and the habitats important for the
bird fauna.

Nad Jeziorem Liptowskim [53◦10′50′′ N, 16◦12′3′′ E] is a quite new reserve, which
was established in 2010, with an area of 54.04 ha [43]. It protects the peatland, spring,
and forest ecosystems, including EU-protected habitats such as the local transition mires,
quaking bogs, and alkaline fens. It also includes fertile beech forests (Galio odorati-Fagetum)
with well-preserved old-growth stands occurring on slopes, along with a subatlantic oak–
hornbeam forest (Stellario holosteae-Carpinetum betuli). There are also small streams, which
flow into the lake, with alder–ash riparian forests (Fraxino-Alnetum) growing in the valleys,
while spring-fed alder woods dominate along the shoreline. The central part of the reserve
contains a low peat bog with sedge vegetation and willows (Salix sp.).

The landscape reserve Przełom rzeki Dębnicy [53◦41′4′′ N, 16◦18′20′′ E] was estab-
lished in 2009 and covers 138.59 ha [44]. It was created to preserve a young glacial landscape,
featuring a breakthrough section of a river with a submontane character cutting through
a terminal moraine ridge. The reserve includes Dębnica River valley with diverse flora
and fauna.

Sośnica [53◦24′52′′ N, 16◦12′26′′ E] is a forest reserve, established in 1974, with an area
of 12.42 ha [45]. It was established to preserve the old, near-natural beech–oak forest with
numerous monumental trees, which are approximately 250–300 years old.

Wapienny Las [54◦0′13′′ N, 16◦42′45′′ E] is a forest reserve, which was established
relatively recently, i.e., in 2018. The reserve covers an area of 21.71 ha [46]. It was established
to preserve a complex of beech, oak–hornbeam, and riparian forests on a calcareous sub-
strate, including rare vegetation of fertile orchid beech forests (Cephalanthero-Fagenion) and
numerous spring areas. The reserve is dominated by orchid-rich beech forests interspersed
with peatlands and alder woods. The substrate contains a lot of calcium, accumulated in
the form of calcareous tufa deposits, which occur both on the surface and within the soil.

The floristic reserve Stary Załom [53◦5′5.4′′ N, 16◦2′55.8′′ E] was established in 1966
and covers 5.62 ha [47]. It was established to preserve the ecosystem of habitat- and bio-
cenotically diverse xerothermic grasslands and periodically wet meadows on a calcareous
substrate, with numerous populations of protected, endangered, and rare plant species.

2.2. Materials

The study material consisted of 176 qualitative soil samples and samples from vari-
ous types of microhabitats collected within the selected nature reserves described above
(Figure 1). In each reserve, from 6 to 30 samples (soil and litter sievings and unsieved
samples from dead wood, all of volume about 0.8 L) were collected once during the period
2024–2025 (Table 1). The differences in the number of samples collected in individual
reserves result primarily from the qualitative nature of the study, whose major aim was to
provide a preliminary assessment of the soil fauna biodiversity in the investigated reserves.
From each reserve at least six samples were collected; however, the sampling intensity
reflected the habitat diversity within these reserves and the aim was to collect material
from all available habitats, i.e., fewer samples were collected from the environmentally
homogeneous sites and more from the heterogeneous ones.
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Table 1. List of reserves and habitats where the study material was collected: E: 5—meadows;
E: 11—alder forests; E: 12—marshy forests; E: 13a—oak-hornbeam forests; E: 13b—other mixed
deciduous forests; E: 14a—Pomeranian beech forests; E: 15—oak forests; E: 17b—other spruce forests;
E: 19—larch forests; E: 19a—yew habitats; E: 20c—mixed forests with spruce; E: 22—shrubs; and
microhabitats: M: 24—anthills; M: 25—mammal nests; M: 26—bird nests; M: 28—rotten stumps; M:
29—tree hollows; M: 35—beach wrack; M: 36—bark; M: 37—bracket fungi.

Name of Reserve Data of Collection No. of Samples Habitats Microhabitats

Buczyna 18 June 2025 11 E: 14a M: 28; M: 36; M: 37

Cisy Tychowskie 17 December 2025 30 E: 12; E: 14a; E: 19a M: 28

Dęby Wilczkowskie 17 December 2025 7 E: 13a M: 28

Grądowe Zbocze 24 September 2025 11 E: 13a; E: 14a M: 26; M: 28

Łasko 18 June 2025 12 E: 11; E: 14a M: 28; M: 35

Nad Jeziorem
Liptowskim 17 October 2024 38 E: 5; E: 12; E: 13b; E:

14a; E: 17b; E: 19 M: 24; M: 28, M: 37

Przełom rzeki Dębnicy 18 June 2025 6 E: 14a; E: 20c M: 28

Sośnica 24 September 2025 22 E: 14a; E: 15 M: 28; M: 29; M: 36

Wapienny Las 17 December 2025 15 E: 12; E: 13b; E 14a M: 28

Stary Załom 17 October 2024 16 E: 5; E: 12; E: 22; E: 19 M: 25; M: 28; M: 37

The collected samples were extracted with Tullgren funnels for 4 to 5 days, depending
on the humidity of the material. The extracted specimens were preserved in 75% ethanol.
The relative humidity of the samples was assessed by means of the gravimetric method—
the samples were weighed twice: immediately after the arrival at the laboratory and soon
after the extraction, on a MXX-2001 (Denver Instruments Company, Denver, CO, USA)
semi-analytical balance. The preliminary selection of the mites from the studied group
was carried out with an OLYMPUS SZX16 (Olympus Corporation, Shinjuku–ku, Japan)
stereomicroscope, and the collected ptyctimous mite specimens were identified to the
species level by the fourth author on the basis of the key by Niedbała [27].

The data were stored in the Analizator 2.0 database (Invertebrate Fauna Bank) in the
Natural History Collections (Faculty of Biology) at Adam Mickiewicz University in Poznań.
A detailed description of the samples is provided in Part III of the Catalogue of Soil and
Microhabitat Samples in the Natural History Collections of the Faculty of Biology, Adam
Mickiewicz University [48].

2.3. Data Analysis Methods

The structure of the analyzed communities of ptyctimous mites recorded in the exam-
ined reserves was analyzed with the dominance (D) and frequency of occurrence (F) indices.
The dominance scale includes the following classes by Błoszyk [49]: D5—eudominants
(>30.0%), D4—dominants (15.1–30.0%), D3—subdominants (7.1–15.0%), D2—recedents
(3.0–7.0%), and D1—subrecedents (<3.0%). The frequency scale comprises: F5—euconstants
(>50.0%), F4—constants (30.1–50.0%), F3—subconstants (15.1–30.0%), F2—accessory species
(5.0–15.0%), and F1—accidental species (<5.0%).

The ecological importance of individual species in the examined environments was
calculated with the ecological importance index (Q). This index integrates the information
on the abundance (dominance) and frequency of occurrence:

Q =
√

(D × F),

where D—dominance and F—frequency.
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The values of Q are divided into five classes followed by Kasprzak and Niedbała [50]:

Q5—very high (>30.00%);
Q4—high (15.01–30.00%);
Q3—medium (10.01–15.00%);
Q2—low (5.01–10.00%);
Q1—very low (<5.00%).

The Shannon–Weaver Diversity Index was calculated with the following equation [51]:

H′ = −
S

∑
i=1

pi ln(pi)

S—number of species;
pi—the proportion (n ÷ N) of individuals representing species i (where n is the number

of individuals of species i, and N is the total number of all individuals);
Σ—the sum from the first category to the last.
The similarity of species composition among the ptyctimous mite communities in the

10 nature reserves and across different habitat types was calculated with the Marczewski–
Steinhaus species similarity index:

S = c/(a + b − c),

where c is the number of species shared by both compared communities, and a and b are the
total numbers of the species in each community. A cluster analysis using the full linkage
(furthest neighbor) method was used to draw the dendrogram [52].

All statistical analyses were performed in R, version 4.6.0, under RStudio 2026.05.1
Build 225. The permutation tests were conducted with 999 permutations which were
restricted and stratified by blocks of data coding each of the reserves to limit the effects
of pseudoreplication. The species data were log-transformed to reduce the influence of
the most abundant species on the results, stabilize the variance and reduce the poten-
tial heteroscedasticity. Three species occurring in only 2–4 samples were excluded from
the analyses because their sparse occurrence was likely stochastic, and rare species can
disproportionately influence the multivariate analyses. These species were “Phthiracarus
boresetosus”, “Microtritia minima” and “ Mesotritia nuda”. In all the analyses p < 0.05 was
used as the threshold for the statistical significance. The graphs were generated with the
ggplot2 package [53].

The Permutational Analysis of Variance (PERMANOVA) was also used to check
whether there are any differences in the mite communities among the examined nature
reserves, as well as between the habitat types and merocenosis types. The Bray–Curtis
dissimilarity index was used because it uses abundance information, ignores uninforma-
tive shared absences, handles sparse ecological data well, and provides an ecologically
meaningful measure of community compositional differences. These analyses were per-
formed with the adonis2 function of the vegan package [54] and the pairwise.adonis2
function of the pairwiseAdonis package [55] for multiple pairwise comparisons, with Holm
correction applied.

The relationships between the mite community structure and the habitat type were
analyzed with the Canonical Correspondence Analysis (CCA). The samples lacking any
mite individuals were excluded from the analyses, and the counts of mites per sample
in all remaining samples were used as the dependent variables. The habitat type and
merocenosis type, coded as nominal variables, were used as the explanatory variables. The
model significance was assessed with permutation tests, implemented with the cca function
of the vegan package [54]. Then, the multi-level pattern analysis was conducted by means
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of the multipatt function of the indicspecies package [56] to assess the indicator value of
mite species with respect to the habitat and merocenosis type.

In order to test how the reserve age, area, and soil humidity explain the variation in
the mite communities, these three variables were introduced as explanatory variables in
the subsequent CCA on the mite count data. The model significance was again evaluated
with permutation tests, and the contribution of the three variables was assessed with the
stepwise selection, with the ordistep function in the vegan package.

The map showing the distribution of the examined reserves in Poland is original and
was drawn with CorelDRAW 2020 software.

3. Results
3.1. Characteristics of Ptyctimous Mite Communities in Examined Reserves

In the 10 examined reserves of the West Pomeranian Province, 21 species of ptyctimous
mites were recorded, with a total of 7620 specimens (Table 2). In the analyzed communities,
there were no species with frequency higher than 50%, and dominance over 30% (Table 2).
Thus, no species could be considered very frequent and highly abundant. The only species
that was both abundant and frequent was E. cribrarius, whereas P. laevigatus, S. (S.) magnus,
P. longulus, and P. globosus were relatively frequent and moderately abundant. Additionally,
A. duplicata was moderately abundant but rare. The majority (15) of the species recorded in
these reserves should be regarded as rare or very rare and sparsely represented.

Table 2. List of ptyctimous mite species recorded in 10 selected reserves of the West Pomeranian
Province: N—number of specimens, D%—dominance, F%—frequency, Ave.—mean number of
specimens per positive sample, SD—standard deviation, Max.—maximum number of specimens
per sample.

Species N D% F% Ave. ±SD Max.

Euphthiracarus cribrarius (Berlese, 1904) 1473 19.3 32.8 25.4 57.0 300

Steganacarus (Steganacarus) magnus (Nicolet, 1855) 1125 14.8 34.5 18.4 31.0 200

Phthiracarus laevigatus (C L Koch, 1841) 654 8.6 39.5 9.3 9.8 36

Acrotritia duplicata (Grandjean, 1953) 560 7.3 29.9 10.6 21.1 148

Phthiracarus globosus (C. L. Koch, 1841) 533 7.0 33.9 8.9 11.8 80

Phthiracarus longulus (C. L. Koch, 1841) 532 7.0 48.6 6.2 5.6 26

Euphthiracarus monodactylus (Willmann, 1919) 532 7.0 14.1 21.3 26.5 90

Phthiracarus crinitus (C. L. Koch, 1841) 383 5.0 24.3 8.9 9.0 40

Steganacarus (Tropacarus) carinatus (C. L. Koch, 1841) 354 4.6 3.4 59.0 72.6 160

Acrotritia ardua (C. L. Koch, 1841) 344 4.5 19.2 10.1 9.1 40

Atropacarus (Atropacarus) csiszarae (Balogh et Mahunka, 1979) 284 3.7 15.3 10.5 12.3 50

Phthiracarus nitens (Nicolet, 1855) 280 3.7 29.9 5.3 10.9 80

Atropacarus (Atropacarus) striculus (C. L. Koch, 1835) 192 2.5 20.3 5.3 6.4 30

Phthiracarus bryobius (Jacot, 1930) 107 1.4 15.3 4.0 5.8 28

Mesoplophora (Parplophora) pulchra (Sellnick, 1928) 75 1.0 6.8 6.3 5.1 20

Phthiracarus ferrugineus (C. L. Koch, 1841) 67 0.9 3.4 11.2 7.7 22

Phthiracarus clavatus (Parry, 1979) 50 0.7 10.2 2.8 2.8 12

Phthiracarus anonymus Grandjean, 1933 32 0.4 7.3 2.5 2.2 8

Phthiracarus boresetosus (Jacot, 1930) 24 0.3 2.3 6.0 4.5 12

Mesotritia nuda (Berlese, 1887) 10 0.1 1.1 5.0 4.2 8

Microtritia minima (Berlese, 1904) 9 0.1 1.1 4.5 3.5 7

Total 7620 100.0 95.4 138.3 155.0 834
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Despite the different number of samples collected in the examined reserves, the num-
ber of recorded species was similar and ranged from 12 in Przełom rzeki Dębnicy reserve
to 16 in Dęby Wilczkowskie reserve (Table A1). There are four species, i.e., E. cribrarius,
P. laevigatus, P. longulus, and P. nitens, which were found in all examined reserves, and
the other four species, such as A. ardua, A. duplicata, P. crinitus, and P. globosus, which
were recorded in nine of them. In spite of the fact that these species were common in the
analyzed material, they did not dominate in all the communities. For example, in Buczyna
and Przełom rzeki Dębnicy reserves S. (S.) magnus was the eudominant species. In contrast,
in Dęby Wilczkowskie and Łasko reserves E. monodactylus and S. (T.) carinatus constituted
more than 50% of the total community. There was also a group of species which were not
numerous in the communities but they were very frequently recorded. These species were
E. cribrarius, P. laevigatus, P. longulus, P. bryobius, and P. clavatus in Buczyna reserve, S. (S.)
magnus in Cisy Tychowskie, P. longulus in Wapienny Las, and P. nitens, which was found in
all the collected samples in Przełom rzeki Dębnicy reserve. The results of the PERMANOVA
test show that the differences in the mite communities between these reserves were highly
significant (F= 4.9418, p = 0.001).

The analysis of the cumulative dominance curves of (Figure 2) the analyzed ptycti-
mous mites communities shows that in Nad Jeziorem Liptowskim reserve the community
structure is most consistent, without species which are eudominants in the community.
The next two reserves with a relatively balanced dominance structure are Stary Załom and
Grądowe Zbocze reserves. However, in the cases of the two above-mentioned reserves,
as well the rest of them, the percentage of the most numerous species exceeds 30% which
means that they were eudominants. In the Dęby Wilczkowskie and Łasko reserves, the
curves indicate that the community structure is predominated by one species, which consti-
tutes over 50% of the whole community. The results shown in this graph were confirmed
by the Shannon–Weaver diversity index, which had the highest value for Nad Jeziorem
Liptowskim reserve, and the lowest for Dęby Wilczkowskie and Łasko reserves (Table A1).

Figure 2. Cumulative dominance curves for ptyctimous mite communities in the examined reserves:
NJL—Nad Jeziorem Liptowskim reserve, SZ—Stary Załom reserve, RB—Buczyna reserve, RŁ—
Łasko reserve, RS—Sośnica reserve, GZ—Grądowe Zbocze reserve, CT—Cisy Tychowskie reserve,
WL—Wapienny Las reserve, DW—Dęby Wilczkowskie reserve, RP—Przełom rzeki Dębnicy reserve,
N—number of specimens, Ns—number of samples.
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3.2. Diversity of Ptyctimous Mite Communities in Habitats and Microhabitats of the
Examined Reserves

The material for the analysis was collected in 20 types of habitats and microhabitats
in the area of 10 nature reserves. The presence of ptyctimous mites was recorded in 16
of them, whereas in four microhabitats, such as anthills, mammal nests, tree hollows and
beach wrack, there were no ptyctimous mites. The structure of the mite communities differs
between habitats, as shown by PERMANOVA: F = 3.7183, and between microhabitats,
F = 4.4347 p = 0.001.

The highest number of species (20) was recorded in the microhabitat of dead wood,
followed by the litter from oak–hornbeam forests and Pomeranian beech forests (18 species
each) (Figure 3). In contrast, the lowest number of species (1–4) has been observed in
bracket fungi, meadows, spruce forests, shrubs, and bark. In the latter habitats, mainly
common species were found, which occurred in almost all of the other habitats. The highest
ecological significance index (Q > 60%) was recorded for P. globosus in the bark collected in
Sośnica reserve. The mite community in this microhabitat was very poor, consisting of only
four species, with the dominance of the above-mentioned species. Additionally, P. globosus
also had a very high ecological significance in the examined bird nests, as well as in the
habitats of riparian forests and oak–hornbeam forests. A very high ecological significance
index was also recorded for A. duplicata in the larch stands (>60%) and in the yew stands
(>30%) in Cisy Tychowskie reserve. Similarly, P. longulus had a very high Q index (over
60%) in the spruce forests. This species was very common across the examined reserves,
occurring in 12 habitats, and in all of them (except the larch stands) its Q index was high
(>15%). Another common species in the analyzed material was A. ardua, which occurred
in 10 habitats. It had the highest Q index in the bird nests, shrubs, and meadows (34%),
although in the case of the meadows it was one of only two recorded species. Another
species with a very high ecological importance in the examined environments was S. (S.)
magnus, which occurred in nine habitats. In four of them (i.e., the oak forests, mixed forests
with spruce, yew stands, and beech forests), the Q index for it was very high, ranging from
31% to 75%. There were also some species with high Q values (>30%), but only in a few or
one habitat, and they were P. crinitus (in mixed deciduous forests and marshy forests) and
E. monodactylus (in oak–hornbeam forests).

The analysis of cumulative dominance curves of the examined habitats and micro-
habitats (Figure 4) shows three groups of the communities within the analyzed habitats.
The first group contains the communities where the dominance of the most numerous
species does not exceed 30%; they are the communities collected from the Pomeranian
beech forests, alder forests, mixed deciduous forests and yew tree stands. The second
group consists of the communities predominated by one species in more than 70%. These
communities were found in the spruce forests, larch forests, shrubs and in bark material.
The third group comprises the rest of the habitats, in which the community structure was
relatively balanced and dominance of the most numerous species was not higher than 60%.

3.3. Frequency of Occurrence of Ptyctimous Mites in Examined Reserves and Habitats

The analysis of the frequency of occurrence of individual species in the selected
reserves and habitats made it possible to distinguish four major categories of eco-elements:
stenotopic, oligotopic, politopic, and eurytopic species (Table 3).
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Figure 3. Heat map presenting the ecological significance index Q (%) of ptyctimous mite species
in particular habitats: E: 5—meadows, E: 11—alder forests, E: 12—marshy forests, E: 13a—oak-
hornbeam forests, E: 13b—other mixed deciduous forests, E: 14a—Pomeranian beech forests, E: 15—
oak forests, E: 17b—other spruce forests, E: 19—larch forests, E: 19a—yew, E: 20c—mixed forests
with spruce, E: 22—shrubs, and microhabitats, M: 26—bird nests, M: 28—rotten stumps, M: 36—bark,
M: 37—bracket fungi. Na—number of samples, Ns—number of species, N—number of specimens.

Figure 4. Cumulative dominance curves for ptyctimous mite communities in the examined habitats
and microhabitats: E: 5—meadows, E: 11—alder forests, E: 12—marshy forests, E: 13a—oak-hornbeam
forests, E: 13b—other mixed deciduous forests, E: 14a—Pomeranian beech forests, E: 15—oak forests,
E: 17b—other spruce forests, E: 19—larch forests, E: 19a—yew, E: 20c—mixed forests with spruce,
E: 22—shrubs, and microhabitats, M: 26—bird nests, M: 28—rotten stumps, M: 35—tree stumps fields,
M: 36—bark, M: 37—bracket fungi, N—number of specimens, Ns—number of samples.

The analysis of occurrence of particular species in the examined habitats and reserves
shows that the eurytopic species constitute the largest group in the analyzed communities
(38% of the recorded species). This group includes eight species that were found in all or
nearly all (nine out of ten) of the reserves under scrutiny (Table 3). Among those, there are
species that are either eurytopic (i.e., P. laevigatus and P. longulus) or politopic (E. cribrarius,
P. nitens, A. ardua, A. duplicata, P. globosus) in terms of their habitat preferences. Within
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this group, only P. crinitus occurred in just seven out of the fifteen examined habitats
and therefore it was classified as an oligotopic species. The politopic species constituted
a smaller percentage (24%) in these reserves; they were species recorded in six to eight
reserves. This group includes five species (Table 3), three of which are also politopic with
respect to their habitat preferences, while two—E. monodactylus and P. bryobius—were
classified as oligotopic because they were found in less than seven habitats. The remaining
eight species were oligo- and stenotopic in terms of their frequency in the examined reserves
because they have been recorded in at most half of the investigated sites and in no more
than seven habitats. The stenotopic species, which were found only in two reserves or
habitats, were M. minima, which was found in a yew stand in Cisy Tychowskie reserve, and
M. nuda, found in the oak–hornbeam forest litter in Grądowe Zbocze reserve (Table A1).

Table 3. Distinguished eco-elements: Nr—number of reserves in which a given species occurred:
9–10 reserves (eurytopic species), 6–8 reserves (politopic species), 3–5 reserves (oligotopic species),
1–2 reserves (stenotopic species), Er—eco-element in reserves, Nh—number of habitats in which a
species occurred: 12–15 habitats (eurytopic species), 8–11 habitats (politopic species), 4–7 habitats
(oligotopic species), 1–3 habitats (stenotopic species), Eh—eco-element in habitats.

Species Nr Er Nh Eh

E. cribrarius 10 E 9 P
P. laevigatus 10 E 12 E
P. longulus 10 E 12 E
P. nitens 10 E 8 P
A. ardua 9 E 10 P
A. duplicata 9 E 10 P
P. crinitus 9 E 7 O
P. globosus 9 E 11 P

A. (A.) striculus 8 P 8 P
P. bryobius 8 P 6 O
S. (S.) magnus 7 P 9 P
E. monodactylus 6 P 6 O
P. clavatus 6 P 8 P

M. (P.) pulchra 5 O 6 O
A. (A.) csiszarae 4 O 5 O
P. anonymus 4 O 6 O
P. boresetosus 3 O 5 O
P. ferrugineus 3 O 4 O
S. (T.) carinatus 3 O 4 O

M. minima 1 S 1 S
M. nuda 1 S 2 S

3.4. Similarity of Ptyctimous Mite Communities in the Selected Reserves

The examined reserves can be classified into two groups, whose mutual similarity
was very low (Figure 5). The first group includes the Dęby Wilczkowskie, Nad Jeziorem
Liptowskim, Cisy Tychowskie, Buczyna, Przełom rzeki Dębnicy, and Stary Załom reserves,
whereas the second group comprises Wapienny Las, Łasko, Grądowe Zbocze, and Sośnica
reserves. In the first group, the most similar communities (93%) were found in Dęby
Wilczkowskie and Nad Jeziorem Liptowskim reserve. The species composition in Cisy
Tychowskie reserve was also similar to these two. The first pair of reserves may appear
quite different; Dęby Wilczkowskie is one of the oldest reserves examined in this study,
established over 50 years ago, with an acid lowland beech forest and sub-Atlantic oak–
hornbeam forest, in which only seven samples were collected (in oak–hornbeam forest and
from dead wood). In contrast, Nad Jeziorem Liptowskim is one of the younger reserves,
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established only 16 years ago, but it exhibited high habitat diversity and it also protects
many habitats of European importance. Due to this diversity, the largest number of samples
(38) was collected right there.

Figure 5. Similarity (S) of habitats and microhabitats of the selected reserves: NJL—Nad Jeziorem
Liptowskim reserve, SZ—Stary Załom reserve, RB—Buczyna reserve, RŁ—Łasko reserve, RS—Sośnica
reserve, GZ—Grądowe Zbocze reserve, CT—Cisy Tychowskie reserve, WL—Wapienny Las reserve,
DW—Dęby Wilczkowskie reserve, RP—Przełom rzeki Dębnicy reserve.

In the other three reserves, only about two-thirds of the species were similar. In the
second group, the highest similarity (>90% of species composition) has been observed
between Wapienny Las and Łasko. The community in Grądowe Zbocze reserve was the
next most similar (approximately 70% similarity), followed by Sośnica, with about 50%
similarity in the species composition. The second pair of the most similar reserves also
differs in terms of their age and habitat type. In both cases a similar number of samples was
collected (12 and 15), and 14 species of ptyctimous mites were recorded in each of them.
The samples in both sites were taken from the deciduous forest stands differing in terms
of their humidity—such as the beech forests, riparian forests, and alder forests—as well
as from the dead wood microhabitats. In this case, the high faunistic similarity probably
results from the similarity of the sampled habitats. In contrast to these, in the case of Dęby
Wilczkowskie and Nad Jeziorem Liptowskim, the high species diversity and similarity of
the communities may stem from the high habitat diversity and internal heterogeneity of
the environments sampled in Nad Jeziorem Liptowskim reserve, as well as from the long
protection history of Dęby Wilczkowskie reserve.

3.5. Multivariate Analysis of Ptyctimous Mite Preferences in Relation to Habitat Types and
Reserve Characteristics

The observed differences are confirmed by the results of the CCA on the mite com-
munities in the examined habitat and merocenoses types (Figure 6A). The first canonical
axis (CCA1) represents the main gradient of variation in the ptyctimous mite communities
among the studied habitats, separating the communities associated with E. monodactylus
and habitat type 13A from those characterized by S. (S.) magnus and A. duplicata. The
second canonical axis (CCA2) separates the communities containing A. ardua and P. ferrug-
ineus from those characterized by P. bryobius and P. longulus. The model was statistically
significant at F = 4.0713 p = 0.001 (eigenvalue of the first axis: 0.28752; second axis: 0.21241,
the variances explained: 0.3016 and 0.2228, respectively). Despite the differences between
the mite communities in the examined habitats, a relatively low number of mite species
had a significant indicator value: E. monodactylus was indicative towards habitats 13 and
S_13A (F = 0.872 p = 0.03), and S. (S.) magnus to the group of habitats S_15 + S_20c (F = 0.847
p = 0.01). Two other species with a significant indicator value were A. ardua to the group of
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very similar S_13 + S_20c + S_22 + S_5 (0.862 0.005), and A. duplicata to S_15 + S_19 + S_20c
+ S_22 (F = 0.947; p = 0.01).

Figure 6. (A) CCA diagram illustrating the preferences of individual ptyctimous mite species
in relation to selected habitats and microhabitats: HS_11—alder forests, HS_12—marshy forests,
HS_13a—oak–hornbeam forests, HS_13—other mixed deciduous forests, HS_14a—Pomeranian
beech forests, HS_15—oak forests, HS_17b—other spruce forests, HS_19—larch forests, HS_19a—
yew, HS_20c—mixed forests with spruce, HS_22—shrubs; and microhabitats: MM_26—bird nests,
MM_28—rotten stumps, MM_36—bark, MM_37—bracket fungi, triangle—species, circle—habitat;
(B) CCA diagram of the preferences of ptyctimous mite species in relation to selected factors: area—
reserve area, age—reserve age, hum—soil humidity, triangle—species.

The relationships between the mite communities, the age of the reserve and the area,
as well as the soil humidity level, are presented in Figure 6B. The first canonical axis (CCA1)
was primarily associated with the soil humidity and separated the communities occurring
in the moist habitats from those characteristic of drier conditions. The second axis (CCA2)
was mainly related to the reserve age, distinguishing the communities associated with
the older reserves from those inhabiting the younger ones. The model was significant at
F = 4.7503 p < 0.001 (eigenvalues: 0.1718 and 0.07684; variance explained: 0.6330 and 0.28311
for axes 1 and 2 respectively). All three explanatory variables were found to improve the
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model significantly: age of the reserve F = 4.0062, p = 0.004; its area F = 1.8440, p = 0.043;
and soil humidity F = 8.8726, p = 0.001.

4. Discussion
In the examined reserves of the West Pomeranian Province, 21 species of ptyctimous

mites were recorded in the area of 304.29 ha. This means that in the area constituting only
0.001% of the whole area of the province, 50% of all species from this group known so
far from the area of Poland [27,31] are legally protected. This value is nearly the same
as that recorded for Białowieża National Park, which is one of the most valuable natural
forests in Europe, where 22 species of ptyctimous mites have been found (in twice as many
samples [22] as in those collected in the reserves discussed here). It should be noted that
the species recorded in this study are mostly common and abundant ptyctimous mites in
Poland [27]. However, there are two species, i.e., Phthiracarus opacus (Niedbała, 1986) and
Phthiracarus compressus (Jacot, 1930), which are also frequent and abundant in Poland [34],
but they were absent in the examined area. Their absence in the collected material may
result from the insufficient sampling. The other ptyctimous mite species known from
Poland were not recorded in these reserves due to the geographical and environmental
constraints. Four of them are submontane or montane species, e.g., Euphthiracarus reticulatus
(Berlese, 1913), Phthiracarus spadix Niedbała, 1983, Steganacarus (Steganacarus) spinosus
(Sellnick, 1920), and Austrophthiracarus pavidus (Berlese, 1913). One species (Steganacarus
(Steganacarus) applicatus (Sellnick, 1920)) is known mainly from north-eastern Poland, and
Hoplophthiracarus illinoisensis (Ewing, 1909) is typical of peatlands [27]. The other 14 species
not recorded in the examined area are considered rare or very rare in Poland, and they
usually occur in a low number. However, further studies embracing some additional
habitats, microhabitats, and nature reserves may reveal their presence in the future.

Regarding the structure of ptyctimous mite communities in the examined area, the
absence of very abundant and very frequent species is particularly noteworthy. The absence
of eudominant species in the community indicates a balanced community structure [52].
Such a structure is typical of areas with high habitat and microhabitat diversity and
without strong disturbances [57,58]. The analysis of the cumulative dominance curve
(Figure 2) indicates that the community in Nad Jeziorem Liptowskim reserve has the most
balanced structure. This pattern also suggests that the soil environment in this reserve is
well preserved and is not exposed to serious disturbances. In this reserve 15 species of
ptyctimous mites have been found. This reserve also had the highest Shannon–Weaver
diversity index. The values of these results may stem from the fact that this is a quite
large reserve (over 50 ha) with a relatively short protection history (16 years), but it is
characterized by high habitat diversity, especially in terms of humidity—ranging from
peatlands to various forest ecosystems. The samples were collected there from five types
of habitat, including meadows, riparian forests, beech forests, spruce forests, and larch
forests. This plethora of habitats in this case is tantamount to the high species diversity,
and the balanced community structure observed in this reserve confirms the hypothesis
that greater habitat heterogeneity means higher species diversity of ptyctimous mites. The
second reserve with the highest diversity index and a high number of species (15) was
Cisy Tychowskie reserve. This is a relatively small reserve (10.3 ha), legally protected for
over 46 years, with tree stands containing over 120-year-old yew trees and beech forests
with oak and hornbeam admixture. The samples from this reserve were collected from a
riparian forest, beech forest, and yew tree stands. For example, in Cisy Staropolskie im.
Leona Wyczółkowskiego reserve 24 species of ptyctimous mites were recorded (a research
paper in progress). Cisy Staropolskie reserve is unique in this respect because it protects
the largest compact lowland yew stand in Europe, and it is also the oldest reserve in Poland
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and the second oldest reserve in Europe [59,60]. In the area of this reserve, very diverse
communities of Uropodina mites, with a lot of rare species, have been found [25,61]. The
results obtained in the area of Cisy Tychowskie reserve confirm that the presence of the
yew increases species diversity also in ptyctimous mite communities.

The highest number of ptyctimous mite species (16) has been recorded in Dęby
Wilczkowskie reserve. This is a small floristic reserve, which was established over 50 years
ago, and it protects an oak–beech stand, which developed within a forest complex exist-
ing since at least the second half of the 19th century. Due to the low habitat diversity,
the samples were collected only from the oak–hornbeam forest and the community was
predominated by one species, i.e., E. monodactylus, and this is why the Shannon–Weaver
diversity index for this reserve was quite low. However, the long history of legal pro-
tection probably enabled the development of a stable environment therein, supporting a
species-diverse community of ptyctimous mites. It should be noted that the timespan of
area protection is not always tantamount to the duration of formal protection, but rather it
often depends on the history of the existing ecosystem. The importance of the duration
of protection has also been confirmed in this study by the results of the multivariate anal-
yses (Figure 5), which have revealed that this factor was considerably significant. These
results confirm the hypothesis formulated in this study, which assumes that the duration of
protection affects the communities of soil fauna. The results are also consistent with the
previous study on communities of ptyctimous mites in Białowieża National Park and those
on Uropodina [25,28,29].

In the case of the Nad Jeziorem Liptowskim reserve discussed previously, the high
diversity of habitats coincided with the large area of the site. In the current study, the site
area, similarly to the reserve age and moisture conditions, proved to be a factor significantly
affecting the structure of the mite communities under investigation (Figure 6B). The issue
of the effect of site area on mite communities has received little attention so far. One of
the few studies devoted to this topic focusing on Uropodina, demonstrating that site size
significantly differentiates the structure of such mite communities [28]. An interesting
study conducted at the microhabitat scale was reported by Brückner et al. [62]. The authors
analyzed, among other things, microhabitats functioning as “habitat islands” (leaf litter,
mosses, and dead wood) and showed that the structure of oribatid mite communities
changes with the habitat size and the extent of habitat fragmentation.

Considerably more studies have examined the effects of habitat heterogeneity and
moisture conditions on oribatid mite communities, including ptyctimous mites. These
studies have shown that greater habitat and microhabitat heterogeneity increases the species
diversity of Oribatida at both the local site level and regional scale [63–66]. Furthermore, a
number of studies conducted in forests in Norway, differing in moisture conditions [66,67],
demonstrated that both at the level of entire forest complexes and on small “habitat islands”
composed of bryophyte communities varying in moisture, habitat type and moisture are
the two major factors determining potential differences in the composition of oribatid mite
communities. As noted in the introduction section, the knowledge of ecology and habitat
requirements of ptyctimous mites is still limited, and therefore all studies addressing
this aspect should be of great importance. In the current study, the habitat preference
analysis of ptyctimous mites was also performed by means of the ecological importance
index (Q), which incorporates both the abundance and frequency of species within a
community. The major drawback of this parameter is that it can yield similar values for
rare yet abundant species and for common yet scarce species. Nevertheless, in both cases a
high Q value indicates a major ecological role for the species—in the first case due to the
high abundance, and in the second due to the common occurrence [50]. The species with
the highest Q index in the examined reserves are P. globosus, A. duplicata, and P. longulus,

https://doi.org/10.3390/d18080495

https://doi.org/10.3390/d18080495


Diversity 2026, 18, 495 16 of 21

which were recorded in all or in most of the habitats or microhabitats. This in turn confirms
the previous observations regarding the wide ecological valence of these species, both
nationally [27] and within other protected areas in Poland, such as Białowieża and Bory
Tucholskie national parks [22,23]. Another species of high importance in the examined
reserves was A. ardua, which, although frequent and abundant across Poland [27], is rare in
Białowieża Primeval Forest. As the obtained results show, this species occurred in the soil
and dead wood of the Białowieża forest, but exclusively within the protected areas [22]. In
the material from the reserves discussed here, this species was found in the samples from
humid habitats, such as meadows, alder swamps, and riparian forests, as well as in highly
dry ones, such as bird nests [68], which proves its wide ecological valence. Moreover, S. (S.)
magnus, which was common in the habitats of 10 reserves, is relatively rare and moderately
abundant in the whole area of Poland [27], and rare and scarce in Białowieża and Bory
Tucholskie National Parks [22,23]. These examples show that the frequency of a particular
species may be different depending on the scale of research, and their importance within
individual communities may vary across their entire distribution range, depending on the
local habitat conditions. Furthermore, it should be noted that a detailed analysis of the
spatial distribution of ptyctimous mites across Poland has not yet been conducted, but this
factor might play a significant role in the species occurrence within specific areas.

The analysis of cumulative dominance curves for ptyctimous mite communities across
the studied habitats reflects the extent of environmental transformation within these ecosys-
tems. The habitats that can be regarded as the most natural, characterized by the most
balanced community structure, include the Pomeranian beech forests, alder swamp forests,
deciduous forests, and yew stands (Figure 4). In contrast to the above, in the structures
of the communities found in the soil and litter of spruce and larch plantings, as well as
in shrubs, the habitat is strongly predominated by one species. Such a structure suggests
that the soil environment in these habitats is transformed or, more possibly, its origin is
anthropogenic. In the case of tree bark, however, the community predominated by one
species may be attributed to its nature as a microhabitat. Such a community structure,
strongly dominated by a single species, is typical of microhabitats and has previously been
reported for ptyctimous mite communities inhabiting dead wood and tree bark in studies
conducted in the forest of Białowieża [22].

The extent of species similarity among the ptyctimous mite communities in the ex-
amined reserves and habitats reflects the configuration of factors which are favorable or
limiting the occurrence of individual species. These factors are difficult to define, espe-
cially in such field studies, but the more similar the species composition of the mesofauna
communities between individual areas is, the more similar are the environmental factors
between them. In our study these favorable factors for the communities of ptyctimous
mites were the diversity of habitats and duration of legal protection. This is why the
analysis has revealed that the highest value of similarity has been observed in the case
of the communities in Nad Jeziorem Liptowskim and Dęby Wilczkowskie. However, it
should also be noted that the total number of species in each of the compared areas is in fact
the key factor for the Marczewski–Steinhaus similarity index. The smaller the difference
between the number in particular communities is, the higher the similarity will be when
the same species occur.

There is no doubt that the different number of samples collected in the examined
reserves and single sampling had some influence on the obtained results. However, it
appears that this did not substantially affect the number of recorded species because the
number of identified species differed only slightly despite the quite different number of
collected samples. Furthermore, it has been already proved that just a few (3–4) litter
siftings can be sufficient to determine which species form a mite community in a given
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area [69]. It should also be taken into account that the current study is in fact a pilot study,
aimed primarily at assessing the biodiversity of the acarofauna in the investigated nature
reserves rather than at conducting advanced quantitative analyses, which would require a
larger and more uniform number of samples from each area.

5. Conclusions
As a matter of fact, many organisms of soil mesofauna are often neglected in the

context of nature conservation. This problem stems from the insufficient knowledge of
their biology, ecology, and distribution, as well as from the lack of appropriate protection
methods and legal regulations. In the case of ptyctimous mites, only fragmentary data
derived from individual faunistic studies provide a very limited insight into their habitat
preferences and spatial distribution, e.g., [27].

This study provides data on the community structure and species diversity of mite
communities in 10 reserves located in the West Pomeranian region, and it also confirms
the hypotheses regarding the positive effects of habitat heterogeneity and duration of
legal protection on the diversity of the mite group discussed here. Despite the varying
levels of examination among the sites, the number of recorded species was similar, and the
community structure was well balanced. This in turn suggests the absence of significant
disturbances in the soil of the examined nature reserves.

Furthermore, the results also indicate that the duration of legal protection is a key factor
in maintaining high biodiversity and that it plays a dual role. First, it allows ecosystems
to function without anthropogenic interference. Second, a long and continuous period of
existence of a forest complex enables the development of stable conditions, as well as the
diversification of habitats and microhabitats, including the presence of dead wood, etc.,
in a given area. Thus, it seems that effective conservation of soil invertebrates requires
legal protection of as many areas as possible, even those small ones, provided that they
are environmentally heterogeneous, with special emphasis laid on the older parts of their
tree stands.
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Appendix A

Table A1. Comparison of the structure of ptyctimous mite communities recorded in 10 selected
reserves of the West Pomeranian Province: NJL—Nad Jeziorem Liptowskim reserve, SZ—Stary Załom
reserve, RB—Buczyna reserve, RŁ—Łasko reserve, RS—Sośnica reserve, GZ—Grądowe Zbocze
reserve, CT—Cisy Tychowskie reserve, WL—Wapienny Las reserve, DW—Dęby Wilczkowskie
Reserve, RP—Przełom rzeki Dębnicy Reserve; D%—dominance, F%—frequency, Na—number of
samples, Ns—number of species, N—number of specimens, H′—Shannon-Weaver diversity index.

NJL SZ RB RŁ RS GZ CT WL DW RP

Species D% F% D% F% D% F% D% F% D% F% D% F% D% F% D% F% D% F% D% F%

E. cribrarius 3.6 8.3 0.7 9.1 12.1 72.7 9.4 38.5 1.2 27.3 33.6 63.6 37.2 23.3 39.5 73.3 14.2 50.0 5.7 66.7

P. laevigatus 20.6 55.6 13.0 9.1 9.4 54.6 2.2 38.5 2.2 31.8 1.9 9.1 4.4 33.3 8.6 40.0 3.6 80.0 7.7 83.3

P. longulus 9.1 44.4 9.1 13.6 9.1 81.8 3.2 30.8 1.7 31.8 1.4 45.5 7.6 56.7 7.2 86.7 8.8 80.0 6.1 66.7

P. nitens 0.4 5.6 1.8 4.6 0.8 18.2 8.3 53.9 2.0 40.9 2.6 36.4 4.2 53.3 2.3 33.3 0.1 10.0 14.7 100.0

A. ardua 8.4 27.8 31.2 36.4 1.1 9.1 0.2 7.7 7.9 63.6 1.7 3.3 2.6 13.3 2.5 20.0 1.3 33.3

A. duplicata 19.8 19.4 1.8 4.6 6.5 36.4 3.2 30.8 2.3 45.5 9.3 56.7 2.7 26.7 0.8 20.0 10.2 66.7

P. crinitus 9.0 30.6 17.9 13.6 4.2 27.3 2.2 30.8 0.8 4.6 5.9 36.4 5.7 23.3 2.8 46.7 3.1 30.0

P. globosus 10.1 38.9 11.9 22.7 2.2 23.1 0.6 4.6 22.9 90.9 7.0 53.3 1.1 13.3 3.9 50.0 8.5 66.7

A. (A.) striculus 6.9 25.0 7.4 18.2 0.7 15.4 0.7 22.7 1.5 45.5 1.6 10.0 2.8 40.0 0.8 20.0

P. bryobius 0.4 2.8 5.2 45.5 0.7 15.4 1.5 31.8 2.8 18.2 1.1 23.3 0.3 13.3 0.1 10.0

S. (S.) magnus 4.0 11.1 44.4 63.6 11.3 54.6 13.2 63.3 14.2 60.0 5.6 50.0 38.4 83.3

E. monodactylus 1.1 11.1 1.1 4.6 4.5 9.1 11.1 54.6 52.4 100.0 3.5 50.0

P. clavatus 2.4 19.4 1.1 4.6 1.4 45.5 0.1 3.3 0.1 10.0 0.6 50.0

M. (P.) pulchra 1.9 11.1 2.2 23.1 2.6 9.1 0.2 6.7 1.8 20.0 0.3 16.7

A. (A.) csiszarae 1.1 9.1 3.5 15.4 5.1 33.3 14.1 53.3 1.8 20.0 3.0 66.7

P. anonymus 0.1 4.6 0.9 16.7 1.8 40.0 0.1 10.0

P. boresetosus 1.1 4.6 0.1 4.6 2.4 18.2

P. ferrugineus 2.2 5.6 3.7 7.7 2.2 27.3

S. (T.) carinatus 2.1 4.6 58.4 30.8 0.1 4.6

M. minima 0.9 6.7

M. nuda 1.28 18.18

Nsa. 38 16 11 12 22 11 30 15 7 6

Ns. 15 13 12 14 13 14 15 14 16 12

N. 1291 285 711 593 358 783 1052 1198 714 635

H′ 1.842 1.694 1.624 1.502 1.632 1.709 1.743 1.698 1.544 1.668
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(Acari: Acariformes: Oribatida) in the Białowieża Primeval Forest, Central Europe. In Mites (Acari) of the Białowieża Primeval Forest,
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