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1. Introduction

In most habitats oribatid mites account for the biggest part of microarthropods (e.g.
Schenker, 1986, Johnston and Crossley, 2002). They can be found in most terrestrial
microhabitats: in soil, leaf litter, moss, underwood, foliage and in aquatic habitats as well
(Behan-Pelletier, 1999). They can be found mostly in great species richness and abundance in
their habitats (Behan-Pelletier, 1999). They play a significant role in decomposition processes
because they fragment the organic matter and influence the biomass and species
composition of fungi and bacteria (Wallwork, 1983; Seastedt, 1984; Yoshida and Hijii, 2005).
As this group plays a significant role in soil processes, it is necessary to get to know its
spatial pattern and the causes of pattern generation, which can be used later for indication
(Behan-Pelletier, 1999).

Applicability of Oribatid mites as an indicator group has been emphasized by researchers
for several decades. These organisms possess such kind of extraordinary characteristics by
which (considered even separately or as a whole) they are able to indicate different changes
in their environment. These characteristics have been summarized in several reviews, most
thoroughly in the works of Lebrun and van Straalen (1995), Behan-Pelletier (1999) and
Gulvik (2007).

Oribatid mites can be found in almost every kind of habitats worldwide: on land, water and
most importantly in the layers of soil containing organic materials, but they also conquered
several other kind of microhabitats (e. g. lichen, moss, treebark etc.). Apart from the
diversity of habitats, their excessive adaptational ability is also shown by great abundance
and species richness. In most habitats, they constitute the largest proportion of
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176 Biodiversity Conservation and Utilization in a Diverse World

microarthropods. These characteristics mentioned above can be primarily used in the
application of coenological methods.

Oribatid mites consume mainly living or dead parts of plants or fungi, however there are
some predators and scavengers to be mentioned as exceptions (Behan-Pelletier, 1999). As a
consequence, they consume variuos kinds of food, and as such, they participate in
numerous ways in the structure of the food web (Lebrun and van Straalen, 1995). Thus they
are in strong interaction with their microenvironment (e. g. Ca-storage, heavy metal
accumulation (Norton and Behan-Pelletier, 1991, Behan-Pelletier 1999), play an important
role in the forming of soil structure and decomposition processes (Behan-Pelletier, 1999).
These features can be applied for indicating the effects of chemical or heavy metal
pollutions, and disturbances in the succession of decomposition processes (Lebrun and van
Straalen, 1995).

The reproduction biology and life cycle of Oribatid mites can be considered extraordinary
among arthropods from several aspects. There are some species/populations with sexual
and asexual reproduction, and the proportion of species with obligate thelytokous
parthenogenesis is very high — around 10% (Lebrun and van Straalen, 1995). Iteroparity and
multiannual life cycle are also quite prevalent among the species, especially in moderate and
cold climate zones (Norton, 1994, Luxton, 1981, Behan-Pelletier, 1999). The slow
development, low fecundity and long larval stage of Oribatid mites can help indicating
long-term disturbances. Their low dispersion ability (Lebrun and van Straalen, 1995) is also
quite important, since these mites can hardly flee from sites affected by some kind of stress.
Oribatid mites are classified as a ,K-selected” group; this can be lead back to their slow
metabolism according to Norton (1994). Based on the characteristics listed above, many
researchers think that this group is quite promising since it can be used for various
indication purposes.

Nowadays there are several methods to describe the natural state of a habitat; the focus is
mainly on the measuring of biodiversity. However, uncertainty can arise when measuring
biodiversity, as several questions can be raised already as to the explanation of the term,
starting from which level it should be considered on (genetic, taxon, ecological diversity), to
— if the taxon level has been chosen — the decision on which taxon the focus should be.

The main goal of this study is to set up a comparison scale based on genus-level presence-
absence lists of oribatid mite communities (Acari: Oribatida) of habitats examined on
different spatial and temporal scales. The secondary goal — and this time the precondition as
well - is to get a reliable picture of the indication strength of the distances to be used, i.e. the
information content included.

The indication suitability of the order of oribatid mites for describing the state of their
habitat is justified by the special characteristics of the group. Oribatid mites can be found in
almost all kinds of habitats: on land and in water; first of all in soil layers containing organic
matter as well, however, they have penetrated into different other microhabitats, too (e.g.
lichens, moss, bark etc.), which is mainly due to their indeed various food sources (e.g.
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organic debris, fungi, other mites etc.). Besides the diversity of habitats, their high
adaptation ability is shown by their enormous abundance and species richness as well. The
above characteristics can be mainly used in the case of coenological methods (Lebrun and
van Straalen, 1995; Behan-Pelletier, 1999; Gulvik, 2007; Gergdcs and Hufnagel, 2009).

The choice of the genus level can be explained by different aspects. In the analysis by Caruso
and Migliorini (2006) it was shown that there were not any significant changes in data
examining anthropogenic disturbance on oribatid mites when switching from species level
to genus level. Our study has a similar goal as we would like to show potential habitat
changes with our method. Podani (1989) had a similar observation in case of plants,
according to which switching to genus level does not mean a significant change when
comparing the examined habitats. Osler and Beattie (1999) carried out a meta-analysis
similar to ours, which confirmed their expectation that taxonomic levels above species are
more suitable for comparing habitats. This research showed further that habitats can be
chosen on family level in case of oribatid mites, therefore our study covers besides the genus
level the family level as well. There were also some other arguments for our decision,
namely that the number of databases used could be considerably extended in this way, in
addition, taxonomical processing became faster and more reliable in our field studies as
well. Genus-level identification of oribatid mites is solved on the basis of the work by
Balogh and Balogh (1992) on a global scale, too. However, species-level identification is only
possible in case of some zoogeographical regions and only some taxa on a global scale as the
related literature is not properly synthesized yet (e.g. Balogh and Mahunka, 1983;
Olsanowski, 1996).

2. Review of literature — Suitability of oribatid mites as indicators

Research into oribatid mites goes back to the 1880s, the work of A. Berlese, who invented
the Berlese funnel and made it possible to extract and examine soil mesofauna more
precisely. His lifework was carried on by several renowned taxonomists, such as
Grandjean, Hammer, Beck, Aoki, Wallwork, Engelbrecht, Corpus-Raros, Lee, Pérez-Inigo,
Baggio, Bhattacharia and Haq (Balogh et al., 2008) with taxonomical descriptions of
oribatid mites covering the bigger part of terrestrial habitats. Due to the above researches,
nowadays it has become possible to examine oribatid mites from different indication
aspects on community level.

One part of the studies on indication possibilities compares natural habitats. In these studies
the goal is to reveal spatial and temporal pattern generation characteristics of habitats.
Temporal change is examined in few studies (Irmler, 2006) and in case of spatial
examinations different approaches are used: on substrate level (e.g. Fagan et al., 2006; Lindo
and Winchster, 2006), examining altitudinal zonation of mountains (Migliorini and Bernini,
1999; Reynolds et al., 2003; Jing et al., 2005) and only seldom on the level of habitat types
(Balogh et al., 2008). These studies do not always yield consistent results, however, the
examinations prove that patterns exist.
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2.1. Comparison of natural habitats

These examinations try to explore what properties of habitats play a role in pattern
generation, among which spatial and temporal changes can be distinguished. Observations
on seasonality have not yielded considerable results (Reynolds et al., 2003, Noti et al., 1996,
Badejo et al., 2002, Moldenke and Thies, 1996). Habitats and sampling frequencies are quite
different and hardly comparable. Currently we do not possess any satisfying results on
seasonal dynamics. A number of studies (Reynolds et al., 2003) surveying temporal changes
measured the total abundance of the community. Measuring the changes in the number of
individuals of larger groups does not mean thorough examination. It is worth to survey the
temporal structures of the entire community on such places where seasons are well
discernible. One of the most important studies has been made by Irmler (2006), who studied
the seasonal changes of an Oribatid community living in the OL and OF layer of a beech
forest. It was found that only the annual mean temperature had significant effect on the
structure of the community. The study yielded more results when Irmler surveyed the
seasonal dynamics of individual species. Mainly the amount of precipitation affected the
abundance of certain species, but some species had been affected more significantly by
temperature (primarily by the mean temperature in January). The significance of species-
level examination was confirmed by the fact that certain species reacted differently on the
surveyed parameters.

Spatial comparisons applied different scales; part of them compared soil and foliage of
forests. These studies revealed that Oribatids of the soil showed greater a-diversity and
species richness, but (3-diversity proved to be greater in the foliage, which means difference
among samples taken from individual trees has been greater than that of the samples
collected from the soil (Lindo and Winchster, 2006, Fagan et al., 2006).

Comparison of elevations above sea level attracted great attention: primarily the abundance
and species richness of Oribatids have been studied in zones of different altitudes. However,
obtained data are not concordant: according to Migliorini and Bernini, (1999) and Fagan et
al., (2006) the abundance of Oribatids decreased with altitude, but Jing et al., (2005) and
Reynolds et al., (2003) observed an opposing tendency. Fagan et al., (2006) pointed out a
decrease in species richness, Migliorini and Bernini, (1999) observed a growth in diversity as
a function of increasing altitude. It has to be mentioned by these contradictory results that
altitudes of sampling and habitats are hardly comparable, and even if they were, this would
not guarantee consistent results. This has been pointed out by Andrew et al., (2003) in an
extended series of studies conducted on different altitudes in Australia and New Zealand.

Beside altitude, vegetation also changes greatly when progressing upwards on a hill. Studies
mentioned above did not lay an emphasis on vegetation. The work of Balogh et al.(2008)
however demonstrates altitude as a difference in the type of vegetation: rainforest, moss
forest and paramo. Samples were taken from the mountains of Brazil, Costa-Rica and New-
Guinea. This work showed that the structure of Oribatid mite communities was primarily
determined by the type of vegetation and not by the distance of several thousand
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kilometres, which means that climate and ecological conditions have stronger effects than
zoogeographical connections (Balogh et al., 2008).

2.2. Abundance, species richness and diversity

Studies examining Oribatid communities almost always measure which Oribatid species
and in what quantity are present in samples taken from the given area. Species composition,
abundance, total abundance, species richness, diversity and the uniformity of the
community can be calculated from these data. In most cases, changes in the communities are
examined using these variables.

When given the same climate, abundance, species richness and diversity of the Oribatids are
greater in natural areas (forest or habitats not strongly affected by human activity) than in
areas affected by agriculture (e.g. plant production or animal husbandry) or forestry (e.g.
clear-felling, burning etc.) (Bedano et al., 2006, Osler et al., 2006, Cole(et al 2008, Olejniczak
2004, Arroyo and Iturrondobeitia, 2006, Migliorini et al., 2003, Altesor et al., 2006). The
observation of Bedano et al. (2006) can be mentioned as an exception: it was found that the
abundance of pastures was higher than that of natural forests.

Decrease in abundance can be caused by hard frost (Sulkava and Huhta, 2003) and
serious heavy metal pollution (Seniczak et al., 1995). According to Osler et al. (2006),
mainly the number of individuals is lower in the initial state of succession. Decrease in
abundance could be pointed out primarily as a result of water deficiency (O’Lear and
Blair, 1999, Lindberg et al., 2002), but contradictory results had been also obtained
(O’Lear and Blair, 1999, Melamud et al., 2007). Lindberg and Bengtsson, (2006) showed
that community regeneration following drought can not be satisfactorily measured by
the sole application of total abundance. Decrease in the abundance of Oribatids can also
be caused by ash treatment of sour, acidic soils (Liiri ef al., 2002). In Japanese coniferous
forests it has been shown that the abundance of Oribatids was greater in mixed litter
(litter of several tree species) than in litters consisting of only one tree species (Kaneko
and Salamanca, 1999). Kovacs et al., (2001) explored positive correlation between the
nutrient content of the soil and abundance, but it was contradicted by several other
studies (e.g. Osler and Murphy, 2005).

Removal of winter snow cover lead to a decrease in species richness, since the mesofauna of
the soil has been exposed to greater fluctuation of temperature (Sulkava and Huhta, 2003).
Response of species to heavy metal pollution varied greatly, sometimes even moderate
pollution resulted in the highest species richness (Skubala and Kafel 2004). Drought
generally decreased species richness (Tsiafouli et al., 2005), but there were several examples
for growth as well (Melamud et al., 2007). Ash treatment lowered abundance and also
species richness (Liiri ef al., 2002). In mixed litter, both species richness and abundance were
higher (Kaneko and Salamanca, 1999). Fagan et al., (2006) found in Canadian coniferous
forests that species richness of Oribatids in the soil had been greater when comparing
Oribatid communities of the foliage and soil.
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Diversity data can be found primarily in agricultural and forestry studies. It has been
pointed out that irrigation (enhancing the moisture content of the soil) increased the
diversity of Oribatid communities, because it raised the individual numbers of rare species
(Tsiafouli et al., 2005). Drought had a detrimental effect on diversity (Lindberg et al., 2002).
Studies of Taylor and Wolters (2005) pointed out that Oribatid diversity had been greater in
a more decomposed beech litter than in fresh litter. Seniczak et al., (2006) concluded that
Oribatid diversity can be increased by increasing the number of ponds of forest habitats,
since this means more ecotones and leads to the presence of such kind of species which
prefer humid habitats and are normally absent from forest habitats. Age of temperate
deciduous forests did not affect diversity (Erdman et al., 2006). Growth in the diversity of
tree species did not increase the diversity of Oribatids living in the soil of these forests
(Kaneko et al, 2005. However, growing diversity of the litter not only increased abundance
and species richness, but diversity as well (Coleman 2008). (Table 1.)

abundance species richness diversity
artificial disturbance| artificial disturbance| artificial disturbance|
hard frost] snow cover removal] irrigation?
drought| drought| drought|
early stage of succession | ash| number of ecotonest
diverse litter mix? diverse litter mix? diverse litter mix?
ash treatment| soil > foliage
heavy metal pollution|
organic mater content?

Table 1. Strongly abridged summary of information from studies on characteristics of Oribatid
communities. (1=increases or greater; |=decreases or lower)

With the overview of available studies, it can be clearly explored how various characteristics
of Oribatid communities are modified due to changes in moisture, temperature, heavy metal
concentration, organic matter content and level of disturbance. The most important question
concerning the application of Oribatids as indicators is to clarify what kind of information
content does natural Oribatid coenological patterns possess from the aspect of bioindication.
Most of the variables listed above can be directly measured, since rapid methods are
available to quantify temperature, heavy metal content etc. of the soil. Responses of
Oribatids are worth to study in a more complex approach. Even now we have an expansive
(but far from satisfactory) knowledge on how communities change due to modifications of
different factors. These pieces of information necessitate the elaboration of such methods
which render Oribatid communities suitable for the task to prognosticate what extent the
given site can be considered near-natural or degraded, based on the Oribatid composition of
a single sample taken from the given area. Raising further questions will be possible only
after obtaining the answer for this problem. However, answering this problem needs
extensive and coordinated work: approriate reference sites need to be appointed to clarify
the concept of naturality, sampling and processing methods need to be standardized
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internationally — in conformity with the given environmental conditions — and the field of
data processing methods also has to be developed. Definition and testing of Oribatid-based
(or mesofauna-based in a broader sense) coenological indicators are also undoubtedly
needed. The usefulness of Oribatid characteristics summarized in the introduction had been
recognized long ago, now it is time to conduct research in a way that enables to explore and
exploit the actual advantages Oribatid mites provide.

3. Similarities of genus lists on different scales

By setting up the spatial and temporal scales, we expected that the order based on the genus
lists later should correspond to the real spatial and temporal scales, either the farther and
qualitatively the more different habitats our lists originate from, the greater difference there
should be among similarities inside the given categories. However, if data originate from
the same site, the difference among the examined samples should be greater in case of the
lists which are farther in time from each other.

The main goals of the present study are the following:

1. Developing a spatial and temporal scales reference based on the genus -level taxon lists
with the help of similarity functions.
2. Examining the degree of distances in the similarity order used for indication.

3.1. Examination of the suitability of the genus level

Our analysis related to the notion that the genus level does not mean great data loss
compared to the species level was carried out based on the databases by Marie Hammer.
The work of Hammer was chosen due to the homogeneity and very extensive geographical
cover of the databases. The series originate from two different sites of six different countries
accordingly (Hammer, 1952, 1958, 1961, 1962, 1966, 1972). Besides the species and genus
level the family level was analyzed as well, according to the taxonomical classification in the
work by Balogh and Balogh (1992).

For our examination comparisons on genus level are sufficient as switching from species
level to genus level did not cause a significant change regarding the distance and position of
habitats according to the results of the ordinations. On family level inconsistency is caused
by losing information. Using species-level data would be impractical due to taxonomical
uncertainty on the one hand and lack of reliable databases on the other hand, and thirdly,
due to unjustified increase in distance caused by genera with large number of species.

3.2. Categories of the genus lists

In order to be able to determine to which spatial and temporal distance the oribatid mite
genus lists of two samples/sites examined by us correspond, different categories had to be
defined. The categories were set up considering which combination of the given spatial and
temporal scales the examined genus list pairs originate from. Regarding the time (Ti),
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differences between 0, 2, 12, 24 and 52 weeks and due to a study (Melamud et al., 2006(2007)
were able to consider six years i.e. 312 weeks, too. In space the smallest distinguishable unit
was the different substrate (S), then the different types of habitats/sites (H), the different
topographicums (T) follow, and finally the largest unit was the zoogeographic kingdom (K).
Substrate is the lowest vegetation level such as soil, forna, leaf litter, moss, bark etc. Site
means habitat types such as rainforest, mossy forest, paramo etc. Topographicum is
practically a country such as Papua New Guinea or Chile. When differentiating between
zoogeographic kingdoms, six kingdoms found in the work by Balogh and Balogh (1992)
were considered: Holarktis, Neotropis, Aethiopis, Orientalis, Australis (there Notogea) and
Archinotis (there Antarctis), which is the modified version of Miiller’s system (1980).

3.3. Sources of the genus lists

Genus lists of the different categories were collected from various sources. The first category
means the similarity between genus lists of samples collected from the same zoogeographic
kingdom (SaK), the same topographicum (SaT), the same type of site (SaH), the same
substrate (SaS) and at the same time (Ti-0) (SaK/SaT/SaH/SaS/Ti-0). One part of these genus
lists was obtained from our own research. From the soil of a dry oak forest in Torokbalint
(Hungary), 9x300 cm? forna sample was collected and the mesofauna was extracted from it,
the oribatid mites were sorted out and identified to genus level according to the works by
Balogh (1965); Balogh and Balogh (1972, 1992); Balogh and Mahunka (1980, 1983) and
Olsanowski (1996). Further data for this category were collected by studying the scientific
legacy of the late Janos Balogh, member of the Hungarian Academy of Sciences.

Data for the following four categories were also collected from our research. Samples were
collected in 2005 and 2006 in a given quadrat of 100 m?in a dry oak forest in Torokbalint,
Hungary (N 47°25’38” E 18°54'16”) and they were surveyed every two weeks. Every time
samples were obtained from three types of substrates: from 500 cm? leaf litter, 300 cm? férna
(from under the leaf litter) and 0.5 dm? hypnum moss (Hypnum cupressiforme) living on tree
trunks. Oribatid mites were extracted with the help of a Berlese-Tullgren funnel (Coleman et
al, 2004) and identified on genus level. This examination made it possible to set up
categories on pattern levels meaning a distance of two, 12, 24 and 52 weeks, in which
substrate (S), site (H), topographicum (T) and zoogeographic kingdom (K) were the same
(Sa). Abbreviations of these categories are: SaK/SaT/SaH/SaS/Ti-2, SaK/SaT/SaH/SaS/Ti-12,
SaK/SaT/SaH/SaS/Ti-24 and SaK/SaT/SaH/SaS/Ti-52. A study by Melamud et al. (2007) was
implied as well, in which samples were collected at different altitudes of Mount Carmel in
Israel from the same sites with a difference of six years (312 weeks) (5aK/SaT/SaH/S5aS/Ti-312).

Regarding spatial differences, the smallest change in scale is the difference in the
substrate: SaK/SaT/SaH/DS/Ti-0, i.e. the substrate is different (D), however, there is no
change in time (Ti-0). Genus lists belonging to this category originate from our own
database and the above mentioned manuscripts by Balogh. Databases of three further
studies were used as well (Behan-Pelletier and Winchester, 1998; Fagan et al., 2006; Lindo
and Winchester, 2006).
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In case of the following seven categories, only spatial scales “above” substrate change,
substrate and time are not differentiated any more so they are marked “X”. Abbreviation of
the same type of sites which can be found in the same zoogeographic kingdom and in the
same topography is SaK/SaT/SaH/XS/Ti-X. Genus lists belonging to this category were
obtained from the manuscripts by Janos Balogh, the study by Migliorini et al., (2005) and the
studies by Hammer (1958, 1961, 1962, 1966). Abbreviation of the category of different sites is
SaK/SaT/DH/XS/Ti-X. Sources of the series belonging to this category are: studies by Noti et
al. (1996); Migliorini et al. (2002); Osler and Murphy (2005); Skubala and Gulvik (2005);
Arroyo and Iturrondobeitia (2006); Osler et al. (2006), manuscripts by Janos Balogh,
published series by Janos Balogh (Balogh et al., 2008) and studies by Hammer (1958, 1961,
1962, 1966). A series belonging here originates from samples collected by Levente Hufnagel
in Australia (2006, Australia: QLD, Cairns)

In case of genus lists originating from different topographicums, we considered the point if
they originate from the same (SaK/DT/SaH/XS/Ti-X) or different sites (SaK/DT/DH/XS/Ti-X)
and if the two topographicums can be found in the same or different zoogeographic
kingdoms (DK/DT/SaH/XS/Ti-X, DK/DT/DH/XS/Ti-X). These series come from studies by
Janos Balogh and Marie Hammer.

In the last category only the zoogeographic kingdom can be interpreted as the complete
genus lists of the six zoogeographic kingdoms were compared in it according to the work by
Balogh and Balogh (1992) (DK/XT/XH/XS/Ti-X).

3.4. Data processing methods

The lists created from the Hammer-databases were analysed with Ochiai, Jaccard and
Serensen distance functions and non-metric ordination using the software Syn-tax 2000
(Podani, 2001).

From the other databases we did not consider all possible list combinations which fit the
category, only the ones having at least nine genera. After our complete genus list database
was set up, the number of genera of the two lists and the number of the common genera
were determined considering the genus list pairs in each category. As we had only presence-
absence data and the value “d” of the contingency table was not considered in case of the
genus list pairs, the Ochiai and Jaccard functions were used as distance functions (Podani,
1997). The similarity data of each category was calculated from the means of the values of
the distance functions for the genus list pairs.

As our data were not always independent within a category, it was determined with a
complex method to what extent the means of the categories differ from each other. We had
several distance function values within each category as we. We had 106 genus list pairs
within one category on average. From among the distance function values of each category
tifteen values were chosen randomly with the help of a random number generator in the
Excel software. It was carried out ten times in case of each category. In this way we got 10
series containing 15 values for each category. Series of the data table containing 10x15 values

183



184 Biodiversity Conservation and Utilization in a Diverse World

in case of each of the 14 categories were now independent and since normal distribution
could not be observed within each category, the data were analysed with the Kruskal-Wallis
statistical test. Each of the 14 series were analysed with the Mann-Whitney post hoc test as
well, so we got ten tables containing 14x14 post hoc test results. One table was made out of
these ten, which shows 95% confidence interval of the appropriate values of the ten tables.
Based on this we were able to decide which categories differ from each other significantly.
These statistical tests were carried out using PAST software (Hammer et al., 2001).

3.5. Order of the genus list categories

As we got nearly the same results using both distance functions (Ochiai and Jaccard), only
the results calculated with the help of the Ochiai function are discussed further. Fig. 2
displays intervals with defined standard error around the Ochiai distance means in case of
each category.

Average similarity within genus list categories (Ochiai)
0,800
0,750 —I
0,700 | ] I
0,650 I
0,600
0,550 l
0,500 .
0,450 I I
0,400 i [ |
[ |
0,350 -
0,300
" -l " n 3 o T 3 " ™ ™ Y Y
AV & o> o oD @% 09(‘: \3‘5’0 ILQ & ) R & &‘a @g)
v \"j" ¥ o o \ \ A hy *
s, s, 2 T § ¢ o :;\ vb\ f-,\ é 'qf\\
® © F 6 $ & # R R
F R 2 s B e R " A A
<\ N o il i & & S £ Q! % N
& :,-3‘\ %é\ c’%\\ \(’4} & %é\\ S @ d,to K K
B
o < ES c,;&‘;\ A o & ‘_’,b\ o <._./ )

Figure 1. Average distance within genus list categories using Ochiai function. Next to the category
codes, the number of genus list pairs used for calculating the average can be seen in brackets.
Remarkable code parts are highlighted

In Fig. 2 it can be seen that the largest similarity between samples can be observed in the
category where all criteria are the same (SaK/SaT/SaH/SaS/Ti-0) i.e. where the samples were
collected at the same time and from the same substrates. Similarities of genus lists
originating from different time but the same substrates are the next: first the two-week-
difference, then the 12-, 24- and finally the 52-week-difference. Among comparisons on
sample level the last one marked with yellow colour is the similarity of genus lists
originating from different types of substrates.
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As expected, within the same topographicum there is larger similarity between genus lists
coming from the same type of sites than between those coming from different sites. This is
where the sample series meaning six-year-difference (SaK/SaT/SaH/SaS/Ti-312) turn up.
This considerable difference is amazing within one given habitat.

Among the last five there are the four categories in which the difference between lists
originating from different topographicums (DT) is measured. Regarding the order of these
four categories it is remarkable that the same type of site shows larger similarity than
different sites, irrespective of the fact whether the different topographicums are in the same
or different zoogeographic kingdoms. This corresponds with the results of a former study
conducted with other methods (Balogh et al., 2008). The category DK/XT/XH/XS/Ti-X fits in
the above mentioned categories in the order. Using the Jaccard distance function this is the
only category position that changes places with the category DK/DT/SaH/XS/Ti-X.

The order set up with the help of genus lists based on the complete database met our
expectations, so it can be definitely an appropriate reference in indication researches.

The significance of distances between genus list categories was tested by a Mann-Whitney
tests. Our first remarkable result is that the average distances between genus lists
originating from the same substrate but from different dates within a year does not differ
from each other significantly. According to our former assumptions time difference could
have been detected regarding a one-year-difference, however, it could not be detected from
the substrates of the temperate dry oak forest studied. Consequently, if genus lists of the
complete habitat type were examined with time lags less than a year, no change could be
detected on site level, either. Irmler (2006) had a similar result on species level in a long-term
European study.

The difference between oribatid mite communities originating from different substrates
(DS/Ti-0) can be significantly larger in case of certain distance functions than the difference
between communities coming from the same type of substrate (5aS/Ti-0). Besides, there is no
large difference between samples collected within a year from a given type of substrate. It
follows from these two statements that if genus lists originate from different types of
substrates, there is larger difference between them than if samples are collected within a
year from the same type of substrate. Consequently, the quality of substrate in a given
habitat type is a more important factor in the composition of the oribatid mite community
than time changes within a year.

Similarity between oribatid mite genus lists of the same types of sites (SaK/SaT/SaH/XS/Ti-0)
differs significantly from the similarity between genus lists originating from the same type
of substrate (SaK/SaT/SaH/SaS) if samples were collected with a time lag of maximum 24
weeks in the latter case. At the same time, the distance between genus lists coming from
different types of substrates is similar to the distance between oribatid mite genus lists of the
same or different habitats in a given topographicum, i.e. the type of substrates plays a
similarly important role in the quality of the oribatid mite community as habitat types in a
given topographicum.
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The distance between genus lists originating from the same or different types of substrate is
much smaller than the distance between genus lists of different topographicums (XK/DT}/...),
independently of the fact if sites in the same or different zoogeographic kingdoms are
compared. More remarkable is the fact that the similarity of genus lists coming from the
same sites in the same topographicums does not differ significantly from the similarity of
genus lists originating from the same sites in different topographicums. It means that
oribatid mite communities of the same types of habitats resemble each other nearly in the
same way no matter if they originate from the same or different topographicums.

4. Seasonal change of oribatid mite communities (case study)

Several researches have already been done to detect the pattern and composition of oribatid
mite communities and their exact causes. However, it is hidden to date by which
mechanisms the structure and functioning of the individual communities are affected.

Climatic factors belong to the most determinant ones. The above statement is reflected by
the number of researches as well, because most of the studies on oribatid mite communities
investigate how the communities react to the meteorological factors changing naturally or
artificially, especially to temperature and the amount of precipitation (Gergdcs and
Hufnagel, 2009). First it is worth investigating the effect of the natural changes of the
climatic factors, and the most appropriate way to do this is to study the seasonal changes of
the communities. The mistake in most of these studies is that the research on seasonality is
conducted over a maximum of a year (e.g. Schenker, 1984), so it cannot be determined
whether the observed phenomena occur similarly each year. The most significant research
on this topic was conducted by Irmler (2006) in a beech forest in Germany. He investigated
monthly changes of ground-dwelling oribatid mite communities over a seven-year period
and found that there are no important changes among the communities.

Our research is similar to his one, however, it differs as well because we collected samples
every two weeks and not once a month, and we investigated not one but three microhabitats
over a one and a half year period in an oak forest in Hungary.

The other difference is that data on oribatid mites were recorded on genus level and not on
species level. The decision on the genus level can be justified by several factors. The analysis
of Caruso and Migliorini (2006) showed that there were not any important changes in the
data when studying human disturbance on oribatid mites and changing from species level
to genus level. Podani (1989) found a similar result in case of plants, namely, changing to
genus level does not mean a significant difference when comparing the studied habitats.
Osler and Beattie (1999), Hammer and Wallwork (1979) and Norton et al. (1993) concluded
according to their studies that the many widespread genera and families indicate that the
similarity between oribatid mite communities should be studied above species level. In their
meta-analyses their assumption was confirmed that taxonomical levels above the species
level are more suitable to compare habitats. According to this we also compared the data
series recorded with time difference on genus level.
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The aim of our study was to explore which seasonal changes occur in oribatid mite
communities living in three types of microhabitats in an oak forest and what role the most
important climatic factors that is the amount of precipitation and temperature have in
these changes.

Samples for our study were collected in 2005 and 2006 in a given quadrate of 100 m? in a dry
oak forest near Torokbalint, Hungary (47°25’38” N, 18°54’16” E). In the sampling quadrate
the most common tree species is turkey oak (Quercus cerris), common trees are field maple
(Acer campestre), common ash (Fraxinus excelsior) and wild service tree (Sorbus torminalis).
The most important herbaceous plants are broad-leafed Solomon's seal (Polygonatum
latifolium) and garlic mustard (Alliaria petiolata). Samples were collected every two weeks
from 15 March till 1st December 2005 and from 26% March till 30t July 2006. Every time
samples were collected randomly from three types of substrate within the quadrate: from
500 cm? leaf litter, 300 cm?® foerna (from under the leaf litter) and 0.5 dm? hypnum moss
(Hypnum cupressiforme) living on tree trunks. So we obtained altogether 19 moss samples
and 18 leaf litter and 18 foerna samples in 2005 (the first time no leaf litter and foerna
samples were collected); in 2006 we collected 10 leaf litter, 10 moss and 9 foerna samples
(the tenth sample could not be analyzed for technical reasons). Components of the
mesofauna were extracted with the help of a modified Berlese-Tullgren funnel (Coleman et
al., 2004) and conserved in isopropyl alcohol, then they were sorted into larger groups, and
finally oribatid mites were identified on genus level. For the identification the works of
Balogh (1965), Balogh and Balogh (1992, 1972), Balogh and Mahunka (1980), Olsanowski
(1996) and Hunt et al. (1998) were used.

The samples were analyzed based on oribatid mite communities with the help of
multivariate computer aided methods using the software Syn-tax 2000 (Podani, 2001). The
size difference between the samples from the three types of substrate was compensated by
comparing the ratio and presence-absence data of the oribatid mite genera with the help of
non-metric multidimensional scaling and classification method using several distances.
Monte Carlo method was used to check these analyses. The means of the genus proportion
of the substrate types were calculated, each mean was multiplied by a number created by a
random generator twenty times, then these new values were divided by the sum of the
random numbers. This way twenty data series were generated per substrate. These were
compared using classification and ordination. Correspondence analysis and PCA analysis
were used to identify the genera which are responsible for possible differentiations. The
difference of the genera in specimen number and proportion was checked using Mann-
Whitney test between the substrate types. The average diversity and the genus number were
calculated in case of each substrate type.

In order to recognize seasonality patterns, each season was marked (in winter no sampling
was conducted), and the changes in genus diversity and total abundance during a period of
the study were displayed separately in case of the three substrate types. The relationship
between the pattern changes of the communities and meteorological factors was analyzed
with the help of data series from the meteorological station in Pestszentlérinc (47°25'53” N,
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19°10'57” E). This station can be found 21 air km eastwards from our sampling point. In the
case of precipitation the total precipitation amount of the sampling day and that of the
preceding 5 and 10 days, and the standard deviation of the precipitation amount of the
preceding 5, 10, 15, 20, 25 and 30 days were considered. In the case of temperature minimum
and maximum values of the given days were available in our database, so in our analyses
the means of these two values were considered. As for temperature data, the mean
temperature of the sampling day and that of the preceding 5 and 10 days, and the standard
deviation of temperature of the preceding 5, 10, 15, 20, 25 and 30 days were involved in our
analyses. A redundancy analysis was conducted for all substrates first and then separately.
In order to make the relationships more exact, the correlation between certain genera and
meteorological factors was studied based on Spearman’s analysis.

Seasonal changes could not be detected in the communities of the three substrates. In Fig. 2
change in the Shannon diversity of the genera in the case of the three substrates, however, a
seasonal pattern recurring the following year cannot be detected.
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Figure 2. Change in the Shannon diversity of the genera in the case of the three substrates
(2005-2006)

There is no relationships between the annual changes in precipitation amount and
temperature and the composition and structure of Oribatid mite communities in leaf litter
and foerna, however, in the case of moss there is. This can be caused by the genus
Tectocepheus, which is one of the most frequent genera in moss samples (43% of the adult
specimens on average), and its correlation is r=0.38 regarding the five-day mean
temperature (Spearman’s correlation; p=0.043); and regarding the ten-day mean temperature
its correlation is r=0.45 (Spearman’s correlation; p=0.014).

According to the research in seasonality during one and a half year we conclude that if any
change occurs in the community during the year, it is not seasonal, i.e. neither genus-level
diversity, nor abundance, nor the structure of the community have a recurring pattern in
leaf litter, foerna and moss microhabitats. These results correspond with several previous
data from the literature. Irmler (2004, 2006) observed oribatid mite communities in two
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different habitats over several years and he did not find any seasonal regularity either,
except for some species. Those who interpreted their results in a way that seasonal change
was found in oribatid mite communities drew a conclusion based on only one studied year
or on the difference between two sampling months (Schenker, 1984; Stamou and Sgardelis,
1989; Askidis and Stamou, 1991; Clapperton et al., 2002). Such a hypothesis was, among
others that important changes may occur between two temperate seasons in oribatid mite
communities (Stamou and Sgardelis, 1989; Askidis and Stamou, 1991; Clapperton et al.,
2002).(kétszer ugyanazok?) Although some of these studies were conducted in other types
of habitats, i.e. not in temperate deciduous forests, a study covering a shorter period than a
year is considered to be insufficient in the case of all habitats when observing regularities in
seasonality. Schenker (1984) carried out a one year study around a turkey oak (Quercus
cerris), a beech (Fagus sylvatica) and a Scots pine (Pinus sylvestris) in a moist deciduous forest
in Switzerland. He found that annual change in abundance can be observed mostly around
the beech and the pine, whereas it can hardly be observed around the oak, and species
composition is not affected by seasonality, either. Oribatid mites occurred approximately in
the same abundance further away from the oak trunks, than in the soil around it. For our
study, data were collected in an oak forest. This may be the reason for the fact that we have
not found any seasonal changes or changes in the genus composition, either. However, since
Irmler (2006) conducted his studies in a beech forest and could not observe any seasonality
either, and Schenker (1984) collected samples for only one year, it cannot be stated that the
lack of seasonality is characteristic of oak forests.

If changes in communities do not occur seasonally, this can be brought into connection with
micro- and macroclimatic effects. According to the results of Stamou and Sgardelis (1989) it
could be concluded that the density of oribatid mites is largely influenced by temperature,
although several later studies showed that temperature does not have the power to shape
communities (Haimi et al., 2005). Irmler (2006) found that the structure of the community
was in connection with the annual mean temperature only, and only some species showed
significant correlation with some climatic factors. Webb et al. (1998) showed in the case of
oribatid mite species living in polar areas that these species do not depend on seasonal
changes, life cycle of the studied oribatid mite species is mainly influenced by temperature
fluctuation. In our study proportional change correlating with temperature could be
observed in the case of the genus Tectocepheus only and only in moss, however, no such
connection can be found in the study of Irmler (2006), for example. Based on our results —
just like based on those of Irmler (2006) — it can be concluded that the structure of oribatid
mite communities is not affected by climatic factors in leaf litter and foerna substrates. In
moss samples the connection with temperature was due to the genus Tectocepheus.

Seasonality can also be observed in the decomposition of plant material. Quantity and
quality of the decomposing plant material change seasonally in the leaf litter and in the soil
so it can be assumed that oribatid mite communities may change correspondingly during
the year. However, the exact role of oribatid mites in the decomposition of the leaf litter is
not completely clear till this day (Lindo and Winchster, 2007). The most important role of
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oribatid mites in the decomposition is the spreading of microbiota as they feed mainly on
fungi and bacteria, and they are not in direct connection with the leaf litter input,
accordingly (Maraun et al., 2001). This corresponds with the phenomenon observed by us,
that the quantity of leaf litter may not have influenced the compositional changes of the
communities.

Our result that leaf litter and foerna substrates differ from moss was not interpreted by
other literature yet, however, there are observations regarding other types of substrates. A
common result is for example that the oribatid mite community living in the foliage of the
trees differs significantly from the one living in the soil under the trees (e.g. Yoshida and
Hijji, 2005; Karasawa and Hijii, 2008). Karasawa and Hijii (2004) showed that the substrate of
oribatid mite communities living in the soil, in the foliage, on the bark of the tree trunks and
on the remnants of algae accumulating on soil significantly differ from each other in seaside
forests. In our study the community living in hypnum moss was simpler than the one living
in the soil in the forest. Communities of moss and lichen are always relatively simple
(Gjelstrup, 1979; Gjelstrup and Sechtig, 1979; Smrz, 1992; Smrz and Kocourkova, 1999; Smrz,
2006). The three frequent genera found in moss turned up in the observations of others as
well. Zygoribatula exilis is assumed to be a species living in moss (Gjelstrup, 1979), however,
the Zygoribatula species found by us could be found on the forest ground as well. The genus
Tectocepheus occurs everywhere from drier and more disturbed habitats to intact forests,
accordingly it can also be found in moss in great quantities, especially because climatic
fluctuation is larger in moss, what only some species can tolerate (Gjelstrup, 1979). A
common epiphyte is Eremaeus oblongus (Smrz and Kocourkova, 1999), in our study the genus
Eremaeus could be found only in moss (except for only one foerna sample).

Therefore research showed that oribatid mite communities living in soil, leaf litter and
hypnum moss, in Hungarian oak forests — similarly to those living in German beech forests
— did not show seasonal changes. This result is important on the one hand because
according to this, we are not bound to a season regarding sampling. However, besides that
it would be important to detect the cause of the still occurring changes and patterns exactly.
Furthermore it is unclear as well whether non-woody biocoenoses in the temperate zone or
oribatid mite communities living in other climatic zones show seasonal changes.

Communities living in the soil differ from the oribatid mite community of moss living on
tree trunks more significantly than from the community of the leaf litter. Oribatid mites in
moss, especially the genus Tectocepheus, may be influenced by climatic factors to a large
degree. In future it would be necessary to study oribatid mite communities of various
microhabitats in order to detect exactly by which factors and to what degree their
composition, changes and patterns are affected.

5. Spatial similarity pattern of oribatid mite communities (case study)

Oribatid mites of the tropical regions had been almost completely unknown for science before
1958. With the general use of the Berlese-funnel, systematic collections started at that time,
which resulted in the collection of hundreds or thousands of species. However, the majority of
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these samples are unprocessed till these days. Professor ]. Balogh and his fellow-workers had
to realize, that the description of all the species living there is an impossible task.

And even if the recognizable morphological kinds of the samples will be described with
decades of monumental work by the practices of formal describing taxonomy and
according to the rules of nomenclature, the biological and coenological information
content of these would still remain hidden. However the material extracted with the
Berlese-Tullgren device informs us not only about the presence and morphological
diversity, but also about the species” abundance and dominance as well. Moreover it has
become clear that this material together, as it was brought in front of us, contains a heap
of such kind of information, which would be impossible to read from single species or
from their constitutional characteristics. The samples collected this way are suitable for
zoocoenological examinations. This observation led Humboldt to the recognition of ,basic
forms” (Grundformen) and later to the revelation of formations, which means the
structure that can be found in plant associations without the exact knowledge of species.
The emphasis here is on the ,visibility” of the vegetation, because the recognition of
biological communities began with the sight of the flora: vegetation is a ,landscape
element”. Animal communities — apart from some exceptions — live hidden in the
vegetation. But the Berlese-device concentrates and makes them visible.

In this present section of our examinations, the objective is to clarify the methodological
possibilities of biological indication and the information content of the coenological data
matrices by an appropriately chosen indication case study. We also set the aim to apply
univariate indicators and to exploit the possibilities of multivariate coenological pattern
analysis.

In this study series, there is need to introduce the main Oribatid sinusia of tropical areas as
per climatic, vegetation and elevation zones. According to the holistic approach, we start
from the whole and proceed towards the smaller parts. As a first step, we examined the
similarities between the Oribatid sinusia of the Neotropical Region and the Notogaea.
Stemming from the fact that the vertical stratification of Oribatid fauna follows the
vegetation zones, and took samples for examination from 3 elevation zones:

1. tropical rainforest
2. mossforest
3. paramo

In the study, we disregarded the mountain forest zone, which can be found between the
zones of tropical rainforest and mossforest, because the determination of its borders is quite
uncertain. To avoid transitions, Berlese-samples of tropical rainforest have been selected
from 200 m elevation above sea level, close to the forest border. 2 ideal transects were set for
representative sampling. The first one crosses Andes at Costa Rica, at the 10. degree of
latitude, from coast to coast. The second one starts from Papua New-Guinea, from the valley
of Fly River at the 4. degree of Southern latitude, and goes up to the 4000 m high ridge of Mt
Wilhelm. As an amendment, samples were also taken near to the 23. degree of Southern
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latitude in an additional transect, crossing Serra do Mar and Serra do Mantiguera. This
transect has been set because 200-300 years ago there’s been a belt of dense tropical
rainforest — which even exceeded Amazonia in biodiversity — in the most densely populated
area of Brazil, along the line marked by Sao Paulo and Rio de Janeiro. Almost 95 % of these
forests have been devastated, but it could have been hoped that the rainforest spots reserved
the original soil fauna — at least partially. 82 representative samples have been collected on 9
spots of the three transects. The spatial distribution of these samples and the abbreviation of
individual sites can be seen in the next table:

Tropical rainforest ~ Mossforest Paramo
Costa Rica RC: 10 MC: 10 PC: 10 30
Brazil RB:7 MB: 6 PB: 10 23
New-Guinea RN: 10 MN: 9 PN: 10 29
27 25 30 82

Table 2.

The base table for our analyses was the 82 individual soil samples from the 9 examined
habitat (3 habitat types of 3 areas) containing 111 Oribatid genera. For the various analyses,
we created task-oriented assemblies from this base table.

Based on all of the individual samples, paired all samples with all other samples we created
the similarity matrix of our data using multiple distance functions. In this current
publication, Euclidean distance have been used.

Coenological similarity patterns can be analysed on multiple spatial scales (scale levels). We
also analysed the similarity patterns of generic lists of different sites by NMDS with
Euclidean distance, and hierarchical cluster-analysis. The two analytical results are shown
projected onto each other (Figure 3). The multivariate similarity pattern of habitats” Oribatid
community gave the expected picture. It can be stated that differences originating from the
habitats and continents can also be recognized in the similarity patterns of the generic lists
of the examined habitats. However, it can seem surprising that despite the vast geographical
distances the pattern generating role of habitats does not disappear, it seems perhaps even
more important. In accordance with the real ecological conditions, mossforest plays a
transitional role between rainforest and paramo. However, mossforests are the most similar
to each other and they are positioned in the middle of the similarity pattern, while the rest of
the sites are separated radially. It is clearly visible that Brazilian sites are much more similar
to each other than the Costa-Ricans.

Comparison of the sites can be fine-tuned if we also examine the similarity pattern of the
individual soil samples considering every sample as different objects independent from the
sites. We analysed this similarity pattern also by applying NMDS and Euclidean distance
(Figure 4). Analysing the collective similarity pattern of every individual sample it can be
stated that the groupings of elementary samples reflect their relations to the sites. This
justifies the methodological decision by which sites are considered the basic objects of the
examination. It can be stated furthermore, that habitat-type is unambiguously more
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significant pattern-generating factor than geographical attribution. Rainforests, mossforests
and paramos lying thousands of kilometers from each other are more similar than sites of
other habitats at only a few kilometers distance. Following the results of these pattern
analyses, exact examination of the observed phenomena with a regression model seems to
be practical.

America New-Guinea

| paramo

» mossforest

Coordinate 2

Coordinate 1

Figure 3. Similarity pattern of the examined sites in an NMDS ordination with the projection of the
hierarchical cluster analysis results, applying Euclidean distance.

We pointed out that dissimilarities of habitats caused even by their type and also by the
continent they originate from can be recognized in the similarity pattern of genus lists of the
examined habitats. But if we analyze the overall similarity pattern of all the individual
samples, it is quite conspicuous that the type of habitat is a much more significant pattern-
generating factor than the geographical location. Rainforest, mossforests and paramos
located many thousand kilometers from each other are more similar to each other than sites
of other kind of habitats in only a few kilometers away.

The most important result of our case study is that the list of Oribatid genera as a
coenological indicator, primarily characterizes the present ecological effects of the habitat
and its climatically determined type of vegetation; and represents the effect of
zoocoenological past in a much lesser extent. Thus, it can be concluded that a meritable
scientific faunagenetical analysis should not be based upon geohistorical, but climatological
grounds. This is why the ecological indication based on Oribatid genus lists provides unique
possibilities for the purpose of climate change research.
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Coordinate 2

Coordinate 1

Figure 4. Similarity pattern of elementary samples in an NMDS ordination by applying Euclidean
distance.

It became obvious that if we had chosen species and not genera as the basis of our
examination, we would not get results that were interpretable from bioindicational aspect.
This is because the majority of the described species would have appeared only as local
specifica, and they do not provide any meritable information on similarity patterns — unless
we are thinking in a very small grade of space. Species-level indication studies would be
only rational in the case if we would deal only with cosmopolite species, but their number
and detectability would not be sufficient for the majority of examinations for practical tasks.
Thus, our important conclusion is that under current circumstances, the recommended
taxonomical unit for indicational ecological studies can only be the genus. This statement is
also important because many authors (primarily species describing taxonomists) consider a
serious problem of indicational research that a number of researchers classify individuals
only to genus level (Gulvik 2007). However, based on the work of Caruso (2006), we know
that human contamination, intervention and disturbance can be better detected if we
examine larger taxonomical units. It is also clear that rapid changes can not be detected on
species-, but on community level. From the same work, it is also known that the species data
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of Oribatid mites can be raised to genus- or family level, and this does not cause loss of data
or sensitivity by multivariate methods. According to Osler (1999), it is possible that habitat
preference is determined rather at family level. Furthermore it is also known that there is
strong relation between species-level and higher taxon level diversity indicators.

At the same time, the standardization and quantification of current Oribatid-collection
methods would be obviously necessary for the development of the bioindicational
methodology in order to make the data from different authors comparable. The need for this
is emphasized more and more in literature (Gulvik 2007). A criteria-system of classifying the
collected individuals into genera (or into other optional morphological groups) can be
considered as a part of the standardized method. The current identificational and
taxonomical practice in oribatodology is almost completely unsuitable for the purposes of
biological indication research. Till such methods are unavailable, case studies can be
conducted only if the person doing field sample collection and taxonomical processing is
identical, and furthermore, this is only true if the coenological matrices have been created
with the greatest care.

During our examinations (Balogh et al 2008), we pointed out that by advancing vertically
upwards in the tropical high mountains (from rainforests towards the paramo vegetation),
the average species number of genera present, and the extent of Holarctic and/or Antarctic
relations of present genera grow, which can be well interpreted with the conception system
of geographical analogy based on climatic similarities. This indication adequately supports
former studies on the role of vegetational similarities and on genera as taxonomical units
suitable for indication. Many authors (Andrew 2003, Melamud 2007 state that advancing
upwards on the mountains, elevation above sea level and exposure have significant
influence on the diversity of Oribatids. Besides, it is known that Oribatid diversity grows
from the Boreal region towards warmer climates, but it does not grow further towards the
tropics (Maraun 2007).

Furthermore, we pointed out that from the aspect of similarity of individual samples,
among the examined habitat types the mossforest is the most homogeneous habitat, and
paramo is the most heterogeneous. This latter phenomenon can be well interpreted if we
consider the uniform moss cover prevalent in the mossforest, and the role of stable
microclimate created by the moss cover. In the paramo, the observed proportion of species
with low constancy level and also the heterogeneity of habitats (tussocks with different size)
are high, and the role of the resulting microclimatic variability is obvious.

6. Conclusions

The genus lists of oribatid mites provide a unique indication device for the research of
climate change, based on their following characteristics:

e Provide uncomparably simple, fast and effective sample collection opportunity in case
of nearly any substrate type of nearly any habitat, all over the world.
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e Are easy and quick to indentify on a genus- level

e Have well processed, synthetised scientific literature

e  Seasonal stability

e Reflect the intrinsic, fundamental ecological characteristics of their biotops, which
reflection overwrites the zoogeographical patterns

e  Extremely high information content of the distance functions of genus lists.

Category orders as results of the analyses mostly met our expectations, first of all in case
of genus lists, i.e. larger distances between genus lists correspond to larger spatial scales.
However, time difference within a year could not be pointed out to a considerable extent
either on genus or on family level. The most important differences in the orders are the
followings:

1. the difference between samples originating from the same and different types of
substrate;

2. the difference between the distance of lists coming from the same type of substrate in a
given site and the distance of genus lists originating from the same topographicum but
from different or the same types of site;

3. the difference between the distance of lists coming from the same or different types of
substrate in a given site and the distance of lists originating from different
topographicums;

4. the difference between the distance of lists coming from the same types of sites in a
given topographicum and the distance of lists originating from different
topographicums.

The analysis on family level differs from that of genus level that family lists of the
zoogeographic kingdoms resemble each other as much as family lists originating from the
same types of substrate.

Thus, compiled a reference list with the help of which it can be expressed to what spatial
distances the similarity — shown with distance functions — of the genus or family lists of two
oribatid mite communities originating from samples of unknown quality corresponds.
Disturbed and transformed habitats can be compared with the help of oribatid mite
communities based on an existing reference list.
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