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Abstract: Oribatid mites are abundant species-rich soil arthropods that can play an important role in long-
term ecological monitoring. However, despite their significant contribution to decomposition processes and
soil functioning, their diversity and their relationship with forest stand characteristics remain insufficiently
studied. Previous work recorded 127 species from the Wigry National Park, but detailed analyses linking
mite assemblages with forest structure were lacking.

This study aimed to characterise oribatid mite assemblages in selected permanent forest monitoring plots
in Wigry National Park, with particular emphasis on abundance, species richness, diversity, dominance
structure, and the potential relationship between tree diversity and mite diversity.

Soil samples were collected in 2024-2025 from 46 randomly selected permanent monitoring plots. Three
samples were taken from each plot, giving 138 samples in total. Soil fauna were extracted using Ber-
lese-Tullgren funnels, preserved in alcohol, and identified to the species level. Community structure was
assessed using species richness, Shannon diversity, Simpson dominance, Pielou’s evenness, Berger—Parker
dominance, and Hill numbers. Relationships between mite diversity and forest characteristics were evalu-
ated using non-parametric tests and Spearman rank correlations.

A total of 10,689 oribatid mite individuals were recorded, including 8,122 adults and 2,567 juveniles, rep-
resenting 116 species. Forty-six species were recorded from Wigry National Park for the first time. Oppiella
nova was the only euconstant species and accounted for 12.63% of the community. Stand species composi-
tion, forest habitat type, stand age class, regeneration-layer composition, coarse woody debris, understory
cover, and tree diversity indices did not significantly affect mite species richness or diversity. However, Pie-
lou’s evenness was positively correlated with the age of the dominant tree species and total canopy cover.
Oribatid mite assemblages in the studied forest stands were species-rich and showed limited dependence
on broad forest stand characteristics. The results suggest that, at the studied spatial scale, mite community
diversity has not been linked with tree diversity. Forest stands with older dominant trees and denser canopy
cover tend to have communities in which species are more evenly represented rather than being dominated
by only a few species.
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Introduction

National parks play an important role in con-
serving natural processes and biodiversity. Biodi-
versity conservation is one of the key issues in na-
ture protection, particularly in forest management
(Schmidt, 2005). Understanding the direction and
dynamics of processes occurring in natural and pro-
tected forests may improve ecosystem conservation,
especially when these processes are examined from
the perspective of species diversity (Skubata, 2002).
Therefore, studies on species richness and diversity
in national parks are especially important. In Poland,
national parks are covered by long-term monitoring
systems in which forest stands and ecosystem meas-
urements are repeated every 5-10 years. The data
collected provide valuable information on long-term
environmental changes, including those related to
climate change (Robakowski et al., 2025).

Oribatid mites utilize organic plant material, par-
ticularly in poor and moderately fertile soils, and
they are among the most abundant and species-rich
groups in undisturbed soils (Koukol et al., 2009). In
Poland, approximately 500 species of oribatid mites
have been recorded so far (Bogdanowicz et al., 2008).
As Niedbata et al. (2024) stated faunistic data about
Oribatid mites in Polish national parks are scattered
and incompieted, till now data from eight out of 23
national parks are avaible. In Wigry National Park,
Stary (2020) described 127 species from a range of
forest and non-forest habitats. However, this re-
mains the only study on the diversity of oribatid
mites in the park, and no in-depth analysis has yet
linked characteristics of the forest environment with
mite community structure.

The aim of this study was to characterize the
structure and diversity of oribatid mite communities
in monitoring plots of Wigry National Park and to
identify dominant species as potential indicators of
habitat conditions. It was hypothesized that Oribati-
da communities differ across the habitat types mon-
itored in Wigry National Park and that the species
dominance structure reflects the degree of natural-
ness of the habitats.

Methods

Wigry National Park is located in north-eastern
Poland, between 53°57' and 54°10'N and between
22°57" and 23°15'E. It was established in 1989 and
covers an area of 151.13 km?. A detailed description
of the study area is provided by Robakowski et al.
(2025).

Soil samples were collected in 2024 and 2025 dur-
ing forest monitoring measurements on permanent
monitoring plots. The monitoring network, consist-
ing of 365 permanent plots arranged in a regular 0.5-
km grid, was established in 2011.

In this study, 46 plots were randomly selected
(Fig. 1) from a larger set of plots previously mon-
itored for dendroflora diversity (Robakowski et al.,
2025). At each plot, three soil samples were collect-
ed, giving a total of 138 samples. The samples were
taken 4 m from the plot centre at azimuths of 0°, 120°,
and 240°, using a cylindrical steel corer with a sam-
pling area of 20 cm?. Each sample included understo-
ry vegetation, the litter layer, and the upper 5 cm of
mineral soil. The material was placed in plastic bags
and transported to the laboratory in a portable cooler.
Soil fauna were extracted for seven days using Ber-
lese-Tullgren funnels and subsequently preserved in
95% alcohol. Before identification, specimens were
cleared in an 80% lactic acid solution. Species iden-
tification was carried out individually under a Nikon
SMZ 1000 binocular microscope and a Nikon Op-
tiphot-2 microscope using temporary cavity slides,
which allowed specimens to be observed from differ-
ent sides and angles. Identified oribatid mites were
preserved in alcohol in plastic tubes and deposited
in the collection of the Department of Game Man-
agement and Forest Protection, Poznan University of
Life Sciences, Poznan. Species were identified using
the keys of Weigmann (2006) and Niedbata (2008)
and nomenclature followed Subias (2004).

Species were classified into five dominance class-
es (D): eudominants (D > 10%), dominants (5.01-
10.00%), subdominants (2.01-5.00%), recedents
(1.01-2.00%), and subrecedents (< 1.01%). Fre-
quency classes were defined as follows: euconstants
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Fig. 1. Geographic location of the study sites within the Wigry National Park. Points indicate sampling locations labeled
with their respective plot numbers. Map background data derived from OpenStreetMap (© OpenStreetMap contribu-
tors, licensed under ODbL)
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(C > 75.01%), constants (50.01-75.00%), accesso-
ry species (25.01-50.00%), and accidental species
(< 25.01%) (Niedbata et al., 1981).

To evaluate the biodiversity and community
structure of oribatid assemblages, several standard
ecological and biocoenotic indices were calculated
for each sampling plot. The structure of the mite
communities was characterised using the following
parameters:

Species Richness (S): Defined as the total number
of distinct species (or taxa) identified within a given
sample.

D=3

All species counted equally regardless of their
abundance; rare and common species are treated the
same.

Shannon-Wiener Diversity Index (H’): Calculat-
ed to assess overall species diversity, accounting for
both the number of species and their relative abun-
dance. The following equation was applied:

H = ~3p In@)

where p, represents the proportion of individuals be-
longing to the i-th species:
n.

i

pi:W

A higher value of H' indicates higher diversity,
and a lower value points to lower diversity.
- n, = abundance of the i-th species,
— N = number of individuals of all species.

1D = M

where:
- 'D = exponential Shannon entropy (the Hill num-

ber of order 1),

— e = base of the natural logarithm.

The exponential Shannon entropy informs the
number of equally abundant species that would
produce the same Shannon entropy as the observed
community (Jost, 2006; Chao et al., 2014).

Simpson’s Dominance Index (D): Used to meas-
ure the dominance of the most abundant species in
the community. It was calculated using the formula:

D'=1-3pt

where p. represents the proportional abundance of
the i-th species.

The inverse Simpson index (D - the effective
number of dominant species or the Hill number of
order 2) increases with increasing biodiversity.

D=1/D

The high value of 2D means high diversity and an
equilibrium of number of individuals among the spe-
cies. The low value of 2D can be interpreted as dom-
inance of one species (Hill, 1973; Chao et al., 2014).

Pielou’s Evenness Index (J'): Applied to evaluate
how evenly the individuals are distributed among the
different species present in the community. The in-
dex was calculated as follows:

1 H'
J'= 1@

where H'is the calculated Shannon-Wiener index and
S is the species richness.

The Berger-Parker Index (BP) evaluates domi-
nance within a community by quantifying the rela-
tive abundance of the most common species:

Nmax
BP = —;

where N is the abundance of the most numerous
species, and N is the total abundance of all species.
Considering the conclusions of Ricotta and Fe-
oli (2024) on the advantages and disadvantages of
different diversity measures, we decided to calculate
both Hill numbers (Chao et al., 2014) and tradition-
al diversity indices. Our approach was based on two
assumptions: (1) Hill numbers were used in our pre-
vious study from Wigry National Park, which allows
consistency between studies, and (2) Hill numbers
are still not widely used in descriptions of mite com-
munities. Therefore, including the more commonly
used ecological indices seemed practical for readers.

Statistical analysis

All statistical analyses were performed using
JMP® software, version Student Edition 19 (SAS
Institute Inc., Cary, NC, USA). Ecological indices
for Oribatida communities, including Hill numbers
(@ =0, 1, 2), Pielou’s evenness index (J'), and the
Berger—Parker dominance index, were calculated us-
ing the ‘vegan’ package in R software version 4.2.2.
Descriptive statistics for continuous variables are
presented as means =+ standard errors of the mean
(SEM), while categorical data are presented as abso-
lute frequencies and percentages.

To assess the influence of environmental charac-
teristics on oribatid mite assemblages, the structural
and environmental forest parameters were divided
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into categorical and continuous variables. Categori-
cal factors included stand species composition (dom-
inant tree species), forest habitat type (fresh mixed
coniferous, fresh mixed broadleaf, fresh broadleaf
forest), stand age class, and dominant species in the
regeneration layer. Continuous variables comprised
the density of living stands (basal area for coniferous
and deciduous species), amount of coarse woody de-
bris, percentage cover of the understory, shrub, and
regeneration layers, age of the dominant tree species,
total canopy cover, and tree diversity indices (Mar-
galef index, Hill numbers).

Differences in Oribatida biodiversity indices
across the categorical forest parameters were evaluat-
ed using the non-parametric Kruskal-Wallis test. To
assess the strength and direction of relationships be-
tween continuous environmental variables and mite
diversity indices, a correlation analysis was conduct-
ed using Spearman’s rank correlation. Additionally,
linear regression models were fitted to visualize the
relationships between tree diversity and community
diversity of Oribatida. A p-value < 0.05 was consid-
ered statistically significant for all performed tests.

Results

In total, 10,689 oribatid mite individuals were
recorded, including 8,122 adults and 2,567 juve-
niles, with juveniles comprising 24% of the total.
The mites represented 116 species (Appendix A).
The number of species per sample ranged from 0 to
30, and the mean number of species per sample was
19.3. The average density was 38,728 = 37,713 indi-
viduals per m2. Oppiella (O.) nova was the only eucon-
stant species and accounted for 12.63% of the entire
community. In addition, the dominant and constant
species were Achipteria (A.) coleoptrata, Chamobates
(C.) pusillus, Microppia minus, and Tectocepheus velatus.

Table 1 shows indices mean values and standard
error.

Table 1. Mean value *+ SE of indices (H' — Shannon’s diver-
sity Index, D' — Simpson’s Dominance Index, J' — Pie-
lou’s Evenness Index, BP - the Berger-Parker Index, °q,
'q, 2q — Hill numbers) for oribatid mites from perma-
nent monitoring plots in Wigry NP

Index Value (mean = SE)
H' 2,425 + 0,076
D' 0,839 = 0,017
J 0,774 = 0,016
BP 0,292 + 0,022
‘D 24 + 1,202
'D 12,558 = 0,729
D 8,396 + 0,534

To assess the relation between forest characteris-
tics and oribatid mite fauna diversity non-parametric
Kruskal-Wallis test was applied to evaluate differenc-
es in biodiversity indices (Hill numbers q = 0,1,2,
Pielou’s evenness index, and the Berger—Parker dom-
inance index). The results indicate that none of the
examined categorical variables describing the forest
significantly determined the diversity of Oribatida
assemblages.

Stand species composition, defined by the domi-
nant tree species according to timber volume, affect-
ed neither the species richness of the oribatid mites
(Hill qO: 4> = 0.55, p = 0.9083) nor their diversity ac-
counting for species proportions (Hill q1: > = 1.17,
p = 0.7592; Hill q2: > = 0.44, p = 0.9325). Like-
wise, dominance and evenness indices remained in-
dependent of this factor (respectively for BP_Index:
p = 0.8664; Pielou_J: p = 0.6115).

A similar lack of differentiation was observed
among forest habitat types (FHP). Oribatida assem-
blages occurring in different habitat types (fresh
mixed coniferous forest, fresh mixed broadleaf forest,
fresh broadleaf forest) were characterised by remark-
ably similar structures. Differences for all analysed
indices, including total species richness (y*> = 0.26,
p = 0.8788) and the Shannon index (> = 0.02,
p = 0.9900), were statistically non-significant. Fur-
thermore, forest age was shown not to be a differen-
tiating factor for the studied mites. Stand age class
had no significant effect on any aspect of Oribati-
da diversity (for all indices p>0.05;). Similarly, the
dominant species in the regeneration layer showed
no significant effect on the structure of these animal
assemblages (e.g., for Hill q0: y2 = 6.44, p = 0.4893;
for BP_Index: ¥> = 6.64, p = 0.4669).

Overall, these findings strongly suggest that, at
the analysed spatial scale, Oribatida assemblages
exhibit a high degree of independence from macro-
structural forest characteristics such as stand compo-
sition, stand age, and habitat classification.

To investigate more thoroughly the relationships
between quantitative stand parameters and oribatid
mite diversity indices, a Spearman rank correlation
analysis was conducted. Consistent with the results
of non-parametric tests for categorical variables,
most continuous environmental and structural for-
est variables showed no statistically significant effect
on species richness (Hill numbers q = 0,1,2) or on
the dominance index (Berger—Parker) of the studied
mites (p>0.05).

No significant correlations were found between
the diversity of Oribatida assemblages and the densi-
ty of living stands, expressed as basal area (G) sepa-
rately for coniferous and deciduous species. Similar-
ly, the amount of coarse woody debris lying on the
forest floor (both coniferous and deciduous) as well
as the degree of cover of the understory, shrub, and
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regeneration layers did not determine the taxonom-
ic structure of oribatid mites (p>0.05). The analysis
also confirmed the absence of correlations between
tree diversity indices (including the Margalef index
and Hill numbers) and any parameters of Oribatida
diversity, indicating a decoupling of these two troph-
ic levels at the studied spatial scale (Fig. 2).

Despite the lack of influence of the examined fac-
tors on species richness itself, the analysis revealed
statistically significant relationships concerning
dominance structure within Oribatida assemblages.
A significant positive correlation was found between

Pielou’s evenness index (J') for Oribatida and the
age of the dominant tree species in the stand (Spear-
man’s p = 0.37, p = 0.0108). In addition, Pielou’s
evenness index was positively correlated with total
canopy cover (Spearman’s p = 0.33, p = 0.0464).

This indicates that, with increasing stand age
and greater forest canopy closure, the structure of
Oribatida assemblages becomes more even, with a
reduced contribution of eudominant species and
a more balanced distribution of individuals among
co-occurring species.
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Fig. 2. Relationship between tree diversity and Oribatida community diversity expressed as Hill numbers. The panels

illustrate the relationships for different orders of diversity (q). The y-axis represents Oribatida diversity partitioned
into: species richness (q = 0, top row, blue), the exponential of Shannon entropy (q = 1, middle row, red), and the
inverse Simpson concentration (q = 2, bottom row, green). The x-axis represents tree diversity based on Hill numbers
for g = 1 (left column) and q = 2 (right column). Black dots represent individual sampling plots/sites. Solid colored
lines indicate the linear regression fit, while the shaded bands represent the 95% confidence intervals of the models.
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Discussion

Continuous monitoring of protected areas with-
in Poland’s national parks is essential for uncovering
the mechanistic drivers of biodiversity dynamics. Our
findings about species composition of oribatid mite
communities are a step to fill the gap in our knowl-
edge about Acari occurring in Wigry National Park,
a biodiversity hotspot at the margin of the Atlantic
and continental climatic range. Wigry National Park
therefore provides an early indicator of directional
changes in Acari biodiversity under climate changes.

We found 116 species of oribatid mites, 70 spe-
cies had previously been reported from Wigry Na-
tional Park by Stary (2020), whereas 46 species are
new records for the area. Number of finded species
is difficult to compare with other national parks be-
couse we focuse on one specific, but divers, type of
habitat and soil, when other researchers were in-
vestigating not only soil but ants or birds nests as
well as other microhabitats (e.g. Gdula et al., 2021;
Graczyk et al., 2023; Olszanowski & Bloszyk, 1998).
Analysing species dominant species ecology one can
see that all of them are cosmopolitan euryecious,
forest species (Subias, 2004; Weigmann, 2006). The
high proportion of Tectocepheus velatus (8.00% dom-
inance; 65.22% abundance) indicates the presence
of a eurythermal species that tolerates a wide range
of habitat conditions. The significant proportion of
Porobelba spinosa (3.64%; 50.72%) and Steganacarus
carinatus (2.12%; 36.96%) suggests well-developed
forest habitats with a stable organic layer. Even sub-
recedent species, such as Berniniella (B.) conjuncta and
Neoribates (N.) aurantiacus indicates humid, rich forest
habitat (Weigmann, 2006).

Although our results do not support the hypoth-
esis that mite diversity is directly linked to canopy
tree diversity, the most important contribution of our
study is the species inventory and characterisation of
mite communities, which have not previously been
described in the Wigry National Park.

Analysed area is located in stands classified in
2011 as the Tilio cordatae-Carpinetum betuli Tracz. for-
est community and was chosen as representative of
this vegetation type belonging to three forest types,
having Scots pine (Pinus sylvestris L.), spruce (Picea
abies Karst.), birch (Betula pendula Roth), oak (Quer-
cus robur L.) as main species, and with different ages
(between 20 and 140 years old). As no significant
differences were found among three forest types, the
data was pooled and analysed collectively.

Oribatid mite communities from the WNP area
are most similar to mixed forests in terms of average
number of specimens per m? (Seniczak, 1978; Zaitsev
& Wolters, 2006). Number of species is quite high

and can be compared to Scots pine stands in Fin-
land (Siira-Pietikdinen et al., 2008) and Switzerland
(Cuartero et al., 2025). On the other hand, the share
of juveniles was quite low and was similar to pine
or beech stands (Dziuba & Skubata, 1987; Skubata &
Bielska, 2000) this possibly can be connected more
with moisture of soil than forest stand composition
itself (Niedbata, 1980). The H’ index is higher than
in pine stands in the UK (Horwood & Butt, 2000) but
lower than in pine stands in Switzerland (Cuartero et
al., 2025) or mixed stands (Migge et al., 1998). J’ is
the most similar to middle age pine stands (65 years
old) in the UK (Horwood & Butt, 2000). The relative-
ly high Shannon diversity (H = 2.43) and evenness
(J’ = 0.77) indicate that the oribatid communities of
Wigry National Park were not dominated by a single
species, despite the high abundance of Oppiella nova
and Tectocepheus velatus. Hill numbers further suggest
that approximately 12 species represented the effective
number of common species, whereas about 8 species
constituted the effective number of highly abundant
species. Our results indicated that neither the main
tree species in the forest canopy and the main tree
species in the second layer, the age of main tree spe-
cies, nor the forest type had any significant influence
on oribatid mite communities. The lack of significant
differences may be explained by insufficient contrast
in site conditions when comparing our study’s forest
types. All three have the same dominant tree species
but at different proportions. In addition, mite diver-
sity and abundance are likely influenced by the inter-
active effects of many environmental factors such as
light availability in the understory, the abundance of
an epigeic earthworm species, the amount of phos-
phorus, soil acidity, and the diversity or mass of fungi,
plant litter, and roots (Hasegawa, 2001; Mueller at
el., 2016; Scheu & Schulz, 1996). We acknowledge
that these numerous environmental factors were not
determined which is a limitation of our present study.

Our results are at least partially consistent with
our hypothesis. The significant positive correlations
between stand age, canopy closure and Pielou’s even-
ness index provide evidence that mite communities
in older stands with a more closed canopy are more
evenly distributed, exhibiting lower dominance of
eudominant species and a more balanced distribu-
tion of individuals among co-occurring species com-
pared with younger stands and those with a more
open canopy. This finding suggests that mite assem-
blages can be more stable in terms of evenness and
population size in older forests. However, given the
limitations of the present study, this interpretation
remains tentative and requires confirmation through
further research.
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Conclusions

In conclusion, our results do not support the hy-
pothesis that mite diversity is directly related to tree
diversity. Nevertheless, the the results indicate that
increasing stand age and canopy closure are associat-
ed with greater evenness in Oribatida assemblages,
reflected in a reduced dominance of eudominant spe-
cies and a more equitable distribution of individuals
among co-occurring species.
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