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Abstract: The importance of dead wood in forest ecosystems for the existence of invertebrates has
been widely discussed in the literature. The major aim of this study is to test the hypothesis that
the presence of dead wood in forests considerably increases the species diversity of Uropodina
(Acari: Parasitiformes) communities in a given area. The areas selected for the study are unique
from a natural point of view. They are the Białowieża Primeval Forest, Cisy Staropolskie im. Leona
Wyczółkowskiego Nature Reserve, and five oak-hornbeam nature reserves in western Poland. The
study is based on materials collected since the 1960s of the last century. The highest number of species
(37) both in soil and dead wood microhabitats was recorded in the Białowieża Primeval Forest and
Cisy Staropolskie Nature Reserve, though the dead wood material from the second area contained
the highest number of species (33). The results of the analysis show that the presence of dead wood
increases species diversity of Uropodina communities in all locations under scrutiny. Moreover, dead
wood increases the species diversity of Uropodina communities by attracting rare and stenotopic
species, and therefore leaving dead trees in forests is extremely important for the habitat protection
of these species.

Keywords: merocenoses; Mesostigmata; national park; nature reserve; phoresy; dead wood; saprox-
ylic invertebrates; species richness; unstable microhabitats

1. Introduction

The common term “dead wood” used to describe unstable microhabitat explicitly
suggests that this type of habitat results from the death of trees in a forest, which can
be a natural process or caused by human activities. In the case of the latter, it can be
either direct and deliberate human activity, which often means cutting down of trees, or
different indirect activities which cause gradual death of tree stands, for example, extensive
drainage of lands, environmental pollution, etc. Tree cutting and fragmentation of forest
ecosystems are not the only factors that have an impact on the overall decrease in the
biodiversity of forest mesofauna. Besides this, forest management is also very important as
it often consists in removing dead wood from forests, which can be observed in commercial
forests [1], or leaving it permanently, such as in the case of nature reserves and national
parks [1–5]. According to the final report of the National Forest Inventory in Poland for
the period 2016–2020 [6], the thickness of dead wood in standing and lying trees and the
number of stumps of coniferous trees per a given unit of area measurement are the highest
in national parks. Special attention should also be paid to the recent heavy storms and
tornadoes observed in the past few years, which are the result of the progressive global
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climate changes, often causing considerable destruction of tree stands (windthrow) in large
areas. In such cases, foresters usually dispose of the whole trees felled by the wind, with
the exception of legally protected areas (i.e., national parks and nature reserves), where the
legal regulations do not allow to do so.

Merocenoses of dead wood constitutes diverse and unstable microhabitats, which
occur in different forest complexes, in a different number, and in different types. Different
types of these microhabitats occur most often in large numbers in legally protected forests,
where human interference is very slight. The lowest number of such microhabitats is in
forests with intensive human activity aimed at gaining large quantities of wood. Mero-
cenoses of dead wood occurs in the form of lying logs, rootstocks, windthrows, stumps
of cut-down trees, broken trunks (also called windsnap—standing fragments of a broken
tree bole), and decaying (usually at the base roots) alive trees (see Tables). A different type
of such microhabitats are tree hollows, which can be the results of mechanical damages
or inner rotting of wood, or they simply can be excavated by woodpeckers. Each of these
microhabitats is in fact a different niche for invertebrates with the different scale of diffi-
culty of accessibility, and where the environmental conditions change with time due to the
gradual decay of wood.

Many recent studies put a lot of emphasis on the great importance of dead wood in
forest ecosystems (see e.g., [7–11]). It was proved that leaving lying logs, broken trunks, and
stumps considerably increases the number of niches inhabited by invertebrates [6–10]. Both
the quantity and type of dead wood left in forests have an impact on species diversity and
abundance of the invertebrates inhabiting the area [7,8]. The high importance of dead wood
merocenoses was proved so far mainly in the case of saproxylic insects [12]. The presence
of dead wood increases the biodiversity of saproxylic species of Coleoptera and Diptera
feeding on dead wood [13,14], as well as many other invertebrates, including centipedes,
snails, terrestrial crustaceans and arachnids [7]. Decaying wood has an influence on the
decomposer communities such as bryophytes, fungi, and mites [9,15,16]. Among the
decomposer organisms, Oribatida and Mesostigmata are very important. Many oribatids
feed on fungal hyphae, lichens, mosses, and dead plant matter [17,18]. Mesostigmata are
mostly predators, feeding on nematodes, collembolans, eggs, and larvae of Diptera [19–21].
Uropodina (Acari: Parasitiformes) belong to the Mesostigmata inhabiting dead wood. The
highest abundance of these mites was observed in areas with a high content of organic
matter, for example, litter in deciduous forests, (abundance up to 10,000 ind./m2), including
dead wood and compost [22,23]. These mites differ as to their trophic preferences. Many of
them are predators and some are also saprophagous species, which feed on dead organic
matter from plants and animals [20]. Others are mycetophagous species, feeding on spores
and mycelia [24,25].

In the first phase of wood decay mites, just like other invertebrates, colonize the
surface of the felled tree or stump and the strata beneath the bark (if the tree or stump
still has any bark) [26,27]. In the course of time, the process of wood decay proceeds and
produces more and more dead wood, which becomes the major habitat for mites. Species
diversity and abundance of Uropodina, just like other invertebrates, depends on the extent
of wood decay and wood humidity. The high degree of humidity considerably accelerates
the pace of wood decay, whereas dry conditions slow down this process. Furthermore, the
wood of different tree species decays in different ways, and hence different mite species
have different habitat preferences in this respect [3,4,28].

Due to their small size and limited capabilities of self-mobility, Uropodina has certain
difficulties with the colonization of dead wood merocenoses and tree hollows. In the case of
tree trunks lying directly on the ground and stumps the process of moving from soil to the
new habitat is fairly easy. It is more problematic for stenotopic species, which live mainly
in dead wood merocenoses. The dispersion of these species proceeds with the changes of
the environmental conditions, that is, the proceeding wood decay and therefore gradual
loss of the unstable merocenoses (the process of wood decay of a lying tree trunk or stump
can last a few years or even a few hundred years). Most Uropodina species inhabiting dead
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wood can disperse passively (phoresy) by using insects (especially beetles), and centipedes,
as vectors. The phenomenon of phoresy in Uropodina mites is thoroughly discussed in
many studies [29–37]. One of the evolutionary adaptations of Uropodina mites to phoresy
is the development of a pedicel in deutonymphs (the migratory form), which they use to
attach to the body of the vector. In this way, deutonymphs can disperse over a considerable
distance to find and colonize the right microhabitat. Mites can be very abundant, sparse in
number, or occasional on different parts of the insect (Appendix A Figure A1).

The importance of dead wood for Uropodina communities has not been thoroughly
analyzed yet. The only studies that discuss this problem, but focusing on Mesostigmata,
are those published by Huhta et al. [1]. The authors of the current study present in this
article the results of their long-term observations of mites from the suborder Uropodina
inhabiting merocenoses of dead wood examined in a few forest complexes in Poland. The
major aim of this study was to test the hypothesis saying that the presence of dead wood
in forests can have a significant impact on species diversity of Uropodina communities in
the examined area. The areas of uniquely high natural value were deliberately selected
for the study because they retain the highest degree of biodiversity. Among such areas,
there are the Białowieża Primeval Forest, which is the last largest natural forest complex in
Europe [38–41], Cisy Staropolskie im. Leona Wyczółkowskiego Nature Reserve, in which
the largest population of the common yew (Taxus baccata L.) in Europe has been protected
for over 160 years [42–44], and some nature reserves in Wielkopolska (Greater Poland).

2. Materials and Methods

The research was conducted in seven legally protected areas located in different re-
gions of Poland: the Białowieża Primeval Forest, and six nature reserves: Cisy Staropolskie
im Leona Wyczółkowskiego, Jakubowo, Las Grądowy near Mogilnica, Bytyńskie Brzęki,
Brzęki near Stara Gajówka, and Huby Grzebieniskie (Table 1). The detailed descriptions of
the study areas were published in earlier publications [4,45–47].

The analyzed material contains 7529 samples, out of which 6696 come from litter and
soil and 833 from different types of dead wood merocenoses. The samples were collected
in different periods of time and by different researchers (Table 1). The soil samples were
sievings of litter and quantitative samples were taken with a biocenometre (16–30 cm2

to the depth of 10 cm). The latter were more frequently taken in the nature reserves.
The samples from the dead wood merocenoses and tree hollows contained unsieved
dead wood with a volume between 0.5 and 0.8 litres. The samples were extracted for
36–48 h (depending on the humidity) with Tullgren funnels, and then the extracted speci-
mens were preserved in 75% ethyl alcohol. The mites were sorted out from the samples
with a stereoscopic microscope and then identified, after they had been cleared in 80% lactic
acid by means of an Olympus BX51. The specimens were identified using the morphologi-
cal criteria from the original descriptions and later accounts [30,48–51]. The identification
of the species was carried out by the first author. The analyzed material was deposited in
the Natural History Collections at the Faculty of Biology at AMU in Poznań. The obtained
data were stored in a computer database AMUNATCOLL. The illustrations of phoresy
(Figure A1) were made with scanning electron microscopy (SEM) techniques. Beetles and
mites were air-dried, put on a pin stub with double-sided sticky tape, coated with gold
and observed in a Zeiss Evo 40 Scanning Electron Microscope.

Due to the fact that the number of the samples collected in each area is different
(however, the number of the samples is very high in each area), the structure of the
analyzed mite communities is illustrated with a scale of dominance (D), and the fre-
quency of occurrence (F). The scale has the following classes: dominance D5 eudomi-
nants (>30%), D4 dominants (15.1–30.0%), D3 subdominants (7.1–15.0%), D2 recedents
(3.0–7.0%) and D1 subrecedents (<3%); frequency F5 euconstants (>50%), F4 constants
(30.1–50%), F3 subconstants (15.1–30.0%), F2 accessory species (5.0–15.0%) and F1 acci-
dents (<5%) [30]. The species listed in the tabulations (Table A1, Table 2) were arranged
according to their frequency in the studied areas. The community similarity of the species
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composition for Uropodina mites inhabiting the merocenoses of dead wood in the stud-
ied areas was calculated by means of the Marczewski–Steinhaus species similarity index:
S = c/(a + b − c), where c is the number of species present in both compared communities,
and a and b stand for the total numbers of species in each community [52]. The full joining
analysis, which uses the most distant neighbors, was used to prepare the dendrogram. The
obtained results are given as percentages. The analyses were performed with AnalizaTor
2.0 software.

A few years ago, Kuberski et al. [53] estimated the amount of dead wood in the
Białowieża Primeval Forest, and they stated that the highest amount of it was found in
the strict reserve of Białowieża National Park–157 m3/ha. In the current study, this value
is taken as the reference point (100%). Due to the fact that the samples analyzed in this
study come mainly from the strict reserve of Białowieża National Park and the reserves
within the area of the Białowieża Primeval Forest, the estimated amount of dead wood for
this analysis is the average number calculated from the values given by the authors of the
study mentioned above (Table 1). In the case of the other locations, the estimated amount
of dead wood was calculated as a percentage of the dead wood in the reference area.

Table 1. Location, legal status, and number of collected samples in the examined areas. PB—Białowieża Primeval Forest,
RC—Cisy Staropolskie im. Leona Wyczółkowskiego Nature Reserve, RJ—Jakubowo Nature Reserve, RL—Las Grądowy
nad Mogilnicą Nature Reserve, RBB—Bytyńskie Brzęki Nature Reserve, RBG—Brzęki przy Starej Gajówce Nature Reserve,
RHG—Huby Grzebieniskie Nature Reserve.

Area PB RC RJ RL RBB RBG RHG

Location

northern-east
Poland,

52◦46′ N
23◦52′ E

northern-
west Poland,

53◦30′ N
18◦07′ E

western
Poland,

52◦29′ N
16◦16′ E

western
Poland,

52◦28′ N
16◦14′ E

western
Poland,

52◦28′ N
16◦28′ E

western
Poland,

52◦28′ N
16◦29′ E

western
Poland,

52◦27′ N
16◦31′ E

Legal status

national park,
strict nature
reserve and
unprotected

areas

nature
reserve

nature
reserve

nature
reserve

nature
reserve

nature
reserve

nature
reserve

Establishment
year 1932 1827 1959 1959 1959 1959 1959

Age of tree
stand [years] >150 >150 >150 <100 ~100 >100 >80

Area [ha] 10,517 113.61 4.02 7.32 15.15 6.71 14.73

Data
collection

period
1961–2018 1992–2019 1978–2000 1979–2000 2002–2004 2002–2004 2002–2004

Number of
samples 249 979 3489 2101 200 285 226

Dead wood
[m3/ ha] 131 118 47 47 39 39 39

% of dead
wood in
reference

area

83 75 30 30 78 78 78

References [4] [47] [45,47] [45,47] [46] [46] [46]

Figures S1 S2 S3 S4 S5 S6 S7
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Table 2. Species composition of uropodine mite communities the in examined areas. PB—Białowieża Primeval Forest, RC—Cisy Staropolskie im. Leona Wyczółkowskiego Nature Reserve,
RJ—Jakubowo Nature Reserve, RL—Las Grądowy nad Mogilnicą Nature Reserve, RBB—Bytyńskie Brzęki Nature Reserve, RBG—Brzęki przy Starej Gajówce Nature Reserve, RHG—Huby
Grzebieniskie Nature Reserve. S—soil, DW—dead wood, “+”—species occurrence. Bold—species which occur only in dead wood.

Area PB RC RJ RL RBB RBG RHG

Type of Habitat S DW S DW S DW S DW S DW S DW S DW

Number of Samples 92 157 800 179 3434 55 2051 50 100 100 95 190 124 102

Trachytes aegrota (Koch, 1841) + + + + + + + + + + + + + +
Oodinychus ovalis (Koch, 1839) * + + + + + + + + + + + + + +
Olodiscus minima (Kramer, 1882) + + + + + + + + + + + + +
Urodiaspis tecta (Kramer, 1876) + + + + + + + + + + + + +

Trachytes pauperior (Berlese, 1914) + + + + + + + + + + + +
Dinychus woelkei Hirschmann et Zirngiebl-Nicol, 1969 + + + + + + + + + +

Pulchellaobovella pulchella (Berlese, 1904) * + + + + + + + + + +
Urodiaspis pannonica Willmann, 1952 + + + + + + + + + +

Dinychus perforatus Kramer, 1882 + + + + + + + + + +
Dinychus carinatus Berlese, 1903 + + + + + + + + + +

Pseudouropoda spp. + + + + + + +
Dinychus arcuatus (Trägårdh, 1922) + + + + + + +
Apionoseius infirmus Berlese, 1887 * + + + + + + +
Trematurella elegans (Kramer, 1882) + + + + + + +

Cilliba rafalskii Błoszyk, Stachowiak et Halliday 2006 + + + + + +
Phaulodiaspis rackei (Oudemans, 1912) + + + + + +
Leiodinychus orbicularis (Koch, 1839) * + + + + + +

Trachytes lamda (Berlese, 1903) + + + + +
Cilliba insularis Willmann, 1938 + + + + +
Polyaspis sansonei Berlese, 1916 + + + + +

Oodinychus karawaiewi (Berlese, 1903) * + + + +
Dinychus inermis (Koch, 1841) + + + +

Uroobovella obovata (Canestrini et Berlese, 1884) * + + + +
Polyaspinus cylindricus Berlese, 1916 + + +

Neodiscopoma splendida (Kramer, 1882) + + +
Discourella baloghi Hirschmann et Zirngiebl-Nicol, 1969 + + +

Uroobovella pyriformis (Berlese, 1920) * + + +
Polyaspis patavinus Berlese, 1881 + + +

Oodinychus obscurasimilis (Hirschmann et Zirngiebl-Nicol, 1961) + +
Discourella modesta (Leonardi, 1889) + +

Ipiduropoda penicillata (Hirschmann et Zirngiebl-Nicol, 1961) + +
Olodiscus misella (Berlese, 1916) + +

Olodiscus kargi (Hirschamann et Zirngiebl-Nicol, 1969) + +
Uropolyaspis hamulifera Berlese, 1904 * + +

Uroplitella paradoxa (Canestrini et Berlese, 1884) + +
Nenteria breviunguiculata (Willmann, 1949) * + +
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Table 2. Cont.

Area PB RC RJ RL RBB RBG RHG

Type of Habitat S DW S DW S DW S DW S DW S DW S DW

Number of Samples 92 157 800 179 3434 55 2051 50 100 100 95 190 124 102

Pseudouropoda tuberosa (Hirschmann et Zirngiebl-Nicol, 1961) * +
Trichouropoda polytricha (Vitzthum, 1923) * +

Trichouropoda bipilis (Vitzthum, 1920) +
Trachyuropoda coccinea (Michael, 1891) +

Uropoda fumicola Hirschmann et Zirngiebl-Nicol, 1969 +
Uroplitella conspicua Berlese, 1903 +

Oplitis stammeri (Hirschmann et Zirgiebl-Nicol, 1961) +
Oplitis franzi Hirschmann et Zirngiebl-Nicol, 1969 +

Oplitis sp. +
Uroobovella ipidis Hirschmann et Zirngiebl-Nicol, 1962 +

Uroobovella baloghi Hirschmann et Zirngiebl-Nicol, 1962 +
Uroobovella similiobovata Hirschmann et Zirgiebl-Nicol, 1962 +

Uroobovella marginata (Koch, 1829) +
Nenteria stylifera (Berlese, 1904) +

Dinychura cordieri (Berlese, 1916) +
Dinychus septentrionalis (Trägårdh, 1943) +

Dinychus sublaevis (Trägårdh, 1943) +
Uropoda sp. +

Number of species in S or DW 24 29 24 33 13 14 12 13 8 18 6 17 10 16
Total number of species in the community 37 37 19 18 19 19 18

* Phoretic species.
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3. Results
3.1. Uropodina Mite Communities Inhabiting Litter, Soil and Dead Wood Merocenoses in
Examined Forest Ecosystems

In the examined locations the researchers found in total 54 species of Uropodina
mites (Table 2). Only one species, that is, T. aegrota occurred both in the soil samples and
merocenoses of dead wood in all examined areas. The occurrence of the other species
varied depending on the location and environment. Five species were found only in the
soil samples from all examined areas, whereas 20 species occurred only in the dead wood
merocenoses (Table 2-bold). This suggests that the presence of dead wood merocenoses
enriches the species diversity of the Uropodina communities in the examined areas by 37%.
As many as 37 species were found in the soil samples, and 27 species in soil and dead wood
samples (Figure 1).
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Figure 1. Number of species with different habitat preferences in all examined locations: SO—
species found only in soil, S—species found in soil, S/DW—species found in soil and dead wood,
DW—species found only in dead wood and tree hollows.

As for the percentage of the species which occurred only in dead wood in the examined
areas, it was the highest in two oak-hornbeam nature reserves in western Poland, that
is, in Bytyńskie Brzęki Nature Reserve and Brzęki near Stara Gajówka Nature Reserve
(58 and 65% species of the community) (Table 3). The lowest percentage (32%) of the species
inhabiting only dead wood was recorded in the material from Jakubowo Nature Reserve.
Most of the Uropodina species found in the examined locations inhabited litter or soil (they
constitute roughly 57%). Many of them (approx. 42%) were eurytopic species occurring
both in the soil and dead wood samples. The species associated only with dead wood
constitute roughly 43% in the examined locations.

Table 3. Percentage of species with different habitat preferences in examined locations. PB—Białowieża Primeval Forest,
RC—Cisy Staropolskie im. Leona Wyczółkowskiego Nature Reserve, RJ—Jakubowo Nature Reserve, RL—Las Grądowy
near Mogilnica Nature Reserve, RBB—Bytyńskie Brzęki Nature Reserve, RBG—Brzęki near Stara Gajówka Nature Reserve,
RHG—Huby Grzebieniskie Nature Reserve, Ave ± SD—average ± Standard Deviation.

Habitat/Microhabitat PB RC RJ RLG RBB RBG RHG Ave ± SD

soil 64.9 65.8 68.4 66.7 42.1 35.3 55.6 57.0 ± 13.3

soil/dead wood 43.2 52.6 42.1 38.9 36.8 35.3 44.4 41.9 ± 5.8

dead wood 35.1 34.2 31.6 33.3 57.9 64.7 44.4 43.0 ± 13.3



Diversity 2021, 13, 476 8 of 15

3.2. Differences in Species Composition in Dead Wood Merocenoses in Examined Locations

The tabulation in Table A1 shows the results of the zoocenological analysis of the com-
munities inhabiting the dead wood merocenoses in the examined locations. The highest
species diversity was recorded in the dead wood samples from Cisy Staropolskie Nature
Reserve and the Białowieża Primeval Forest (33 and 29 species respectively). Oodinychus
ovalis was eudominant or dominant species and the most frequent species in all examined
locations. In Cisy Staropolskie Nature Reserve U. pyriformis (Berlese, 1920) was also a fre-
quent species (category D4). In the Białowieża Primeval Forest, Jakubowo Nature Reserve,
Brzęki near Stara Gajówka Nature Reserve D. carinatus was the dominant species. The
other species occurred in the analyzed communities in lower numbers and less frequently.

The analysis of species diversity in the Uropodina communities inhabiting dead
wood in the examined locations (Figure 2) has revealed that the highest similarity (80%)
between the communities in Huby Grzebieniskie Nature Reserve and Las Grądowy near
Mogilnica Nature Reserve. A similar situation was also observed in the species composition
of the communities found in Brzęki near Stara Gajówka Nature Reserve. A fairly high
degree of similarity (<50%) was also recorded for the communities in Bytyńskie Brzęki
Nature Reserve and the Białowieża Primeval Forest. Finally, the species composition of the
communities inhabiting the dead wood merocenoses in Jakubowo and Cisy Staropolskie
were considerably different from those in the other locations (and between themselves).

Diversity 2021, 13, x FOR PEER REVIEW 8 of 16 
 

 

Table 3. Percentage of species with different habitat preferences in examined locations. PB–Białowieża Primeval Forest, 

RC–Cisy Staropolskie im. Leona Wyczółkowskiego Nature Reserve, RJ–Jakubowo Nature Reserve, RL–Las Grądowy near 

Mogilnica Nature Reserve, RBB–Bytyńskie Brzęki Nature Reserve, RBG–Brzęki near Stara Gajówka Nature Reserve, RHG–

Huby Grzebieniskie Nature Reserve, Ave ± SD–average ± Standard Deviation. 

Habitat/Microhabitat PB RC RJ RLG RBB RBG RHG Ave ± SD 

soil 64.9 65.8 68.4 66.7 42.1 35.3 55.6 57.0 ± 13.3 

soil/dead wood 43.2 52.6 42.1 38.9 36.8 35.3 44.4 41.9 ± 5.8 

dead wood 35.1 34.2 31.6 33.3 57.9 64.7 44.4 43.0 ± 13.3 

3.2. Differences in Species Composition in Dead Wood Merocenoses in Examined Locations 

The tabulation in Table A1 shows the results of the zoocenological analysis of the 

communities inhabiting the dead wood merocenoses in the examined locations. The high-

est species diversity was recorded in the dead wood samples from Cisy Staropolskie Na-

ture Reserve and the Białowieża Primeval Forest (33 and 29 species respectively). Ood-

inychus ovalis was eudominant or dominant species and the most frequent species in all 

examined locations. In Cisy Staropolskie Nature Reserve U. pyriformis (Berlese, 1920) was 

also a frequent species (category D4). In the Białowieża Primeval Forest, Jakubowo Nature 

Reserve, Brzęki near Stara Gajówka Nature Reserve D. carinatus was the dominant species. 

The other species occurred in the analyzed communities in lower numbers and less fre-

quently. 

The analysis of species diversity in the Uropodina communities inhabiting dead 

wood in the examined locations (Figure 2) has revealed that the highest similarity (80%) 

between the communities in Huby Grzebieniskie Nature Reserve and Las Grądowy near 

Mogilnica Nature Reserve. A similar situation was also observed in the species composi-

tion of the communities found in Brzęki near Stara Gajówka Nature Reserve. A fairly high 

degree of similarity (<50%) was also recorded for the communities in Bytyńskie Brzęki 

Nature Reserve and the Białowieża Primeval Forest. Finally, the species composition of 

the communities inhabiting the dead wood merocenoses in Jakubowo and Cisy Staropol-

skie were considerably different from those in the other locations (and between them-

selves). 

 

Figure 2. Species similarity (S) of the species composition in Uropodina communities in examined locations: PB–

Białowieża Primeval Forest, RC–Cisy Staropolskie im. Leona Wyczółkowskiego Nature Reserve, RJ–Jakubowo Nature 
Figure 2. Species similarity (S) of the species composition in Uropodina communities in examined locations: PB—Białowieża
Primeval Forest, RC—Cisy Staropolskie im. Leona Wyczółkowskiego Nature Reserve, RJ—Jakubowo Nature Reserve,
RLG—Las Grądowy near Mogilnica Nature Reserve, RBB—Bytyńskie Brzęki Nature Reserve, RBG—Brzęki near Stara
Gajówka Nature Reserve, RHG—Huby Grzebieniskie Nature Reserve.

4. Discussion

The results of the conducted analyses show that the presence of dead wood consider-
ably enriches the overall biodiversity of Uropodina communities in the examined forest
ecosystems by about 40%. This in turn means that the presence of dead wood is essential
for many mite species to have favorable habitat conditions in a forest ecosystem. Moreover,
it is also noteworthy that in the group of the species associated only with dead wood
(Table 1), which occurred mainly in the Białowieża Primeval Forest and Cisy Staropolskie
im. Leona Wyczółkowskiego Nature Reserve, there are rare and very rare species, which



Diversity 2021, 13, 476 9 of 15

according to the updated IUCN criteria [53] have been classified as endangered. Among
these species there are O. stammeri, O. franzi, (CR category–Critically Endangered), D.
baloghi (EN–Endangered), U. obovata, T. polytricha, Uroplitella paradoxa, and U. conspicua
(VU—Vulnerable).

In the examined locations the percentage of species with a strong preference for dead
wood habitats was different and it depends on many factors. The two most important
among these are the method of forest management, especially the policies regarding dead
wood in a given area, and how long the area has been legally protected. Białowieża
National Park can be regarded as a model forest ecosystem due to its unique quality of the
tree stand, which has retained many characteristics of the primeval forest [38–41], and the
fact that the dead wood is stored in large quantities, especially in the legally protected area
of the park and reserve [54]. In this location, the overall species diversity had the highest
value (37 species, Table 2) and also second as to the Uropodina communities inhabiting
dead wood. The same total number of Uropodina species with the highest species diversity
was recorded in the communities found in the dead wood samples from Cisy Staropolskie
im. Leona Wyczółkowskiego Nature Reserve, which is the oldest Nature Reserve in Poland
and the second in Europe as to the legal protection status [41–44]. Similar to the Białowieża
Primeval Forest, also in this reserve, dead wood remains in large quantities. What is more
interesting, the percentage of the species inhabiting dead wood in the overall number of
the species found in the communities in these two locations was not the highest–35.1 (in
Białowieża National Park) and 34.2 (in Cisy Staropolskie Nature Reserve) (Table 3). This
is due to the fact that the biodiversity in these locations is very high. This can be also
observed in the high values of the Maturity Index for the Białowieża Primeval Forest and
Cisy Staropolskie Nature Reserve [55]. The Maturity Index (MI) is an indicator based on
the life-history traits (so-called r-to-K life strategy) of the species. The Maturity Index was
used to evaluate the current of soil quality and it was used for the first time by [56].

In five nature reserves of western Poland examined for the purpose of this study,
the amount of dead wood was different in each case (Table 1). In Jakubowo and Las
Grądowy until the end of the 1980s of the last century, dead trees were regularly removed
from the area of the reserve, and hence the amount of dead wood was very low despite
the fact that the tree standing in Jakubowo is now over 150 years old. For this reason,
during the research period before 1990, the percentage of the species associated with
dead wood was very low [2,57]. This situation changed at the end of the 1990s when
the law of environment protection had changed and dead wood was left untouched and
the percentage of the species inhabiting dead wood merocenoses is apparently high. The
communities of Uropodina mites inhabiting dead wood in these reserves consist mainly of
common species, most of which also inhabit the soil. Higher species diversity was observed
in the dead wood merosenoses of the other three reserves in Wielkopolska (Bytyńskie Brzęki
Nature Reserve, Brzęki near Stara Gajówka Nature Reserve, Huby Grzebieniskie Nature
Reserve), where the research was also conducted in the period when large quantities of
dead wood (mainly in the form of windthrow) were left. In these reserves, there are also
rare species that occur only in dead wood, such as P. tuberosa and T. coccinea (Table A1), to
name but a few. The Uropodina communities in these three locations also turned out to
be similar regarding their species composition. What is more interesting, the Uropodina
communities inhabiting dead wood in Bytyńskie Brzęki Nature Reserve are very similar to
the communities inhabiting the dead wood merocenoses in the Białowieża Primeval Forest,
which can stem from the fact that in both locations most of the dead wood comes from
oaks. The influence of the tree species on Uropodina communities inhabiting dead wood
will be the major focus of another study in the future.

Napierała and Błoszyk [3] showed that Uropodina communities inhabiting unstable
microhabitats, including dead wood, can considerably differ from communities inhabiting
soil. The differences can be observed not only in the species composition but also in the
structure of the community in each type of habitat. Uropodina communities inhabiting
merocenoses are often predominated by one or two species, which constitute more than
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50% of the entire community, in contrast to those inhabiting soil, where there are usually
no eudominants. The results presented in this study support this observation because in
all of the examined communities inhabiting dead wood in the seven selected locations
one species was evidently dominant (O. ovalis), or two species at most, whereas the other
species were less abundant.

Huhta et al. [1] studied the importance of dead wood for Oribatida and Mesostigmata
in boreal forests in Finland and among 13 species of Uropodina they found, only five
species occurred in the soil and eight in the dead wood samples. All of the found species,
except Uroobovella vinicolora (Vitzthum 1926) and Uropoda cassidea (Hermann 1804), were
also found in our material. This conforms our results and observations and proves the great
importance of dead wood for mites from this group. These results also corroborate the fact
that dead wood considerably increases the overall biodiversity of forest ecosystems.

A research study on oribatid mites (Oribatida) [58] has also revealed that remaining
and rotting tree trunks should be regarded as a different type of habitat for mites living
in the soil. According to these researchers, dead wood merocenoses constitute a kind of
microhabitat islands, though most of the species inhabiting dead wood can also be found
in the litter. In 2020 Niedbała et al. [5] published a study on communities of Ptyctimous
mites in the Białowieża Primeval Forest, where 20 out of 22 species forming communities
of these mites occurred in soil, and only one of them, Atropacarus (Atropacarus) csiszarae
(Balogh et Mahunka, 1979), was not found in the samples of dead wood. Only two species
(Protoribotria oligotricha (Märkel, 1963) and Phthiracarus opacus (Niedbała, 1986)) out of
21 species found in the dead wood samples did not occur in the soil samples. Similar
research into ptyctimous mites was carried out in Cisy Staropolskie Nature Reserve in
the period 2018–2019 (unpublished data). The obtained results were very similar, though
all species found in the soil occurred also in the merocenoses of dead wood. This in turn
implies that the habitat preferences of ptyctimous mites are less restricted, and these mites
are less picky in making their habitat choice than Uropodina mites. However, the studies on
the importance of dead wood for Oribatida are not unequivocal because the observations
made by some authors [59–61] show that oribatid communities in dead wood differ from
those inhabiting soil.

The mechanism of colonization of dead wood microhabitats in the case of Oribatida,
which have no capabilities of passive dispersion, and Uropodina, which can spread by
means of phoresy, is therefore different. Oribatid mites usually inhabit the nearest me-
rocenoses of dead wood by themselves. Probably for this reason species composition of
oribatid mite communities in dead wood merocenoses is very similar to that observed
in communities inhabiting soil. In the case of Uropodina mites, which are sometimes
carried by insects at long distances, the species can be absent in communities inhabiting
soil in close vicinity. It was proved that these mites, especially O. ovalis and P. pulchella
(Berlese, 1904), use centipedes (mainly Lithobius forficatus Linné, 1758) to disperse at short
distances [33,34].

5. Conclusions

According to Błoszyk [20], over 1/3 of Uropodina mites in Poland are steno- or
oligotopic species. On the other hand, eurytopic species, which live in different habitats,
constitute only 25%. This proves that Uropodina mites have more restricted and more
specific environment and microhabitat preferences. In the case of these mites leaving dead
wood or dead tree trunks with hollows in forest ecosystems considerably increases the
overall number of natural niches, and therefore the number of Uropodina species and their
abundance as well as many other groups of invertebrates. The obtained results can be
another reason for introducing changes in forest management regulations, especially those
regarding dead wood, which should not be considered as the habitat of pests or a source of
cheap timber, but as an important component of the ecosystem.
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Figure A1. SEM micrographs of phoretic deutonymphs of Uropodina mites carried by on different parts of the insect: on
the leg of a family Cerambycidae representative (A), on bark beetle (Scolytinae) (B), on abdomen (C), on subelytra (D).
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Table A1. Species composition and structure of Uropodine mites communities the in dead wood in the examined areas:
PB—Białowieża Primeval Forest, RC—Cisy Staropolskie im. Leona Wyczółkowskiego Nature Reserve, RJ—Jakubowo
Nature Reserve, RL—Las Grądowy nad Mogilnicą Nature Reserve, RBB—Bytyńskie Brzęki Nature Reserve, RBG—Brzęki
przy Starej Gajówce Nature Reserve, RHG—Huby Grzebieniskie Nature Reserve. S—soil, DW—dead wood; D—dominance,
F—frequency. Bold—dominant and the most frequent species.

Area PB RC RJ RL RBB RBG RHG

Species D F D F D F D F D F D F D F

T. aegrota D2 F3 D1 F2 D2 F3 D2 F4 D2 F3 D2 F2 D2 F4

O. ovalis D5 F4 D4 F3 D5 F5 D5 F5 D5 F5 D5 F4 D5 F5

O. minima D1 F1 D1 F2 D1 F2 D1 F3 D2 F2 D2 F2 D1 F2

U. tecta D1 F2 D1 F2 D1 F1 D1 F1 D1 F3 D3 F2 D1 F2

T. pauperior D1 F1 D1 F1 D1 F2 D1 F2 D1 F1 D1 F2

D. woelkei D1 F1 D1 F1 D1 F2 D3 F2 D1 F2 D2 F2 D2 F2

P. pulchella D3 F2 D2 F2 D1 F1 D1 F1 D3 F2 D2 F1 D3 F3

U. pannonica D1 F1 D1 F1 D1 F1

D. perforatus D1 F1 D1 F1 D2 F1 D1 F1 D1 F1 D1 F1

D. carinatus D4 F2 D2 F2 D4 F4 D3 F3 D1 F2 D4 F2 D1 F2

Pseudouropoda spp. D1 F1 D1 F1 D1 F1 D1 F1 D1 F1

D. arcuatus D2 F2 D1 F2 D1 F1 D1 F1 D1 F1

A. infirmus D1 F1 D1 F1 D1 F1 D1 F1 D1 F1 D1 F1

T.elegans D1 F1 D2 F2 D1 F1 D1 F1 D1 F1

C. rafalskii D1 F1 D1 F1 D1 F1

P. rackei D1 F1 D1 F1

L. orbicularis D1 F1 D1 F1 D1 F1 D1 F1

T. lamda D1 F1

C. insularis D1 F1 D1 F1

P. sansonei D1 F1 D1 F1 D1 F1

O. karawaiewi D1 F1

D. inermis D1 F1

U. obovata D1 F1 D1 F1 D1 F1 D1 F1

P. cylindricus

N. splendida D1 F1

D. baloghi D1 F1 D3 F2 D1 F1

P. pyriformis D1 F1 D4 F1 D1 F1

P. patavinus D1 F1 D1 F1 D1 F1

O. obscurasimilis D1 F1

D. modesta D1 F1

I. penicillata D1 F1

O. misella

O. kargi D1 F1

U. hamulifera D1 F1

U. paradoxa D1 F1 D1 F1

N. breviunguiculata D1 F1 D1 F1
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Table A1. Cont.

Area PB RC RJ RL RBB RBG RHG

Species D F D F D F D F D F D F D F

P. tuberosa D1 F1

T. polytricha D1 F1

T. bipilis D1 F1

T. coccinea D1 F1

U. fumicola

U. conspicua D1 F1

O. stammeri D1 F1

O. franzi D1 F1

Oplitis sp.

U. ipidis D1 F1

U. baloghi D1 F1

U. similiobovata D1 F1

U. marginata D1 F1

N. stylifera D1 F1

D. cordieri D1 F1

D. septentrionalis D1 F1

D. sublaevis

Uropoda sp. D1 F1

Number of specimens 2053 2826 847 1439 1241 1169 2081

Number of species 29 33 14 13 18 17 16
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