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3 Introduction

In the presented thesis | integrate contributiomsveo independent aspects of acarology. The
taxonomically oriented part aims to solve particymoblems of taxomomy of European
members of the oribatid families Damaeidae Berlé886 and Gymnodamaeidae Grandjean,
1954 based on morphological study. The secondipa&tologically oriented and presents a
study of the feeding preferences of selected adhaites inhabiting pine litter and another
study, which examines the influence of oribatidemibn soil saprotrophic ascomycetes. In
total, the thesis includes seven primary scientfmtributions. Four of them are already
published—three in peer-reviewed journals and onpeir-reviewed conference proceedings.
The remaining three contributions are manuscriplsrstted to peer-reviewed journals.

| elaborated this thesis in Department of Zooldgiyarles University Prague, Faculty of
Science under the supervision of Prof. RNDr. JasoSimrz, CSc. and external co-supervision
of Doc. RNDr. Ladislav Miko, Ph.D. (European Comsmsy, DG Environment, Brussels,
Belgium) in the period from October 2002 to May Q0Further, Prof. Dr. Roy A. Norton
(State University of New York, College of Environntal Science & Forestry, Syracuse, New
York, USA) and Prof. Dr. Gerd Weigmann (Institut f4oologie, Freie Universitat Berlin,
Germany) consulted particular as well as genegtsoof oribatid taxonomy related with my
thesis.

| declare, that | substantially participated orpaiblications and manuscripts included in
this Ph.D. thesis. The participation of me andhef bther co-authors is described individually
for each contribution in the synopsis and is comfid by the co-authors in their agreements.
Assistance and help of other people —either matégiehnical or moral—provided to me or to
the co-authors is namely declared in general ackesyements and in acknowledgements of
particular contributions.

The conception of the thesis has gradually chamigechg the study period. Originally,
the core of the thesis should have been the mooglgobf immature stages of the genus
complex Damaeusensu latpsupplemented with she study of feeding preferedeselected
species. Later, after the review of preliminaryutessand consultation with Roy A. Norton, it
became evident, that morphology of immature Damaeunsu latmffers only a low number of
characters, which are of rather limited value ia #ystematics on the genus level (see also
Miko and Mourek, 2008, included aentribution 1.2in this thesis). Therefore, in co-operation
with Ladislav Miko, we used immature morphology fiartial resolving of some questions and
turned our attention to study of adults and revisiof selected European species of the genera
Metabelbaand EpidamaeusThe contribution on two European species of Gydamoaeus
(Weigmann and Mourek, 2008, includedamtribution 1.1in this thesis) is presented as a
model study, demonstrating the value of the cerategnt micro- and ultrasculpture studied
with the SEM in the systematic of Gymnodamaeidae.

The study of trophic interactions of oribatid mitegh saprotrophic fungi begun in
2007, when | got the opportunity to participatetba research project of Otej Koukol. This
theme is relatively independent from the taxonohstadies and the main link is through some
of the used model organisms—the predominantly migagpus members of Damaeidae.

In the following chapters | briefly review the cent state of taxonomy of both
considered oribatid families and of the knowledgdrophic interactions of oribatid mites with
soil fungi. The subsequent synopsis contains d suiemary of each included contribution.



3.1 Damaeidae and Gymnodamaeidae in the contexta@irrent oribatid classification

The Damaeidae Berlese, 1896 and Gymnodamaeidaaj@aan 1954 represent moderately
diverse families of oribatid mites (Acari: Oribat)dwith about 260 and 70 named species
respectively (Subias, 2009). Both families beloaghe cohort Brachypylina and its inner,
probably monophyletic, clade Circumdehiscentiaen@ja@an, 1954, which is characterised
mainly by circumgastric ecdysial cleavage line (fdarand Kethley, 1994; Weigmann, 2006).
Earlier authors (e.g. Kulczynski, 1902; Sellnick89Bulanova-Zachvatkina, 1957a) included
the members of both families in Damaeidae. Now @vident, that they are not closely related
and are included in different superfamilies. Dardaei belong to monotypical Damaeiodea
Berlese, 1896, whereas Gymnodamaeidae to PlateoéseaeTragardh, 1931 (see Weigmann,
2006; Norton and Behan-Pelletier, 2009) or to mgpiotl superfamily Gymnodamaeoidea
Grandjean, 1954 (see Balogh and Balogh, 1992; Sub@®4).

The relations between different superfamilies wihiti€ircumdehiscentiae are still
poorly known. The monophyly of the five traditiongtoups (sections) distinguished by
Grandjean (1953) was recently questioned by mode@ilylogenetic study of oribatid mites by
Maraun et al. (2004), but detailed studies integgatnolecular and morphological data are still
missing.

Grandjean (1953) included Damaeidae and Gymnoda@@eiin the group
Euphérédermés, a large assemblage of differentliéamiwhich is defined mainly by the
nymphs and less often also adults carrying gastioeauviae of previous ontogenetic stages
("scalps”) on the dorsal side of the gastronotigiae (Fig. 1). Another remarkable
morphological feature (but probably not independiarh the previous one) characterizing the
Euphérédermés, is the reduction of some gastrosetae during the ontogeny. Setieedm
anddp are absent from the nymphs and adults andcSataabsent from adult.

Fig. 1: Tritonymph of Kunstidamaeus lengersdorfDamaeidae) in dorsolateral view with
gastronotic exuviae ("scalps"), typical for nymmtishe oribatid section Euphérédermes.



Monophyly of Euphérédermés was not supported byahtaet al. (2004), but it might
an effect insufficient taxon sampling. The groug hat been used as a systematic unitin recent
classifications of oribatid mites (Subias, 2004;igenn, 2006; Norton and Behan-Pelletier,
2009). Anyway, it has still not been examined inadewhether the carrying of gastronotic
exuviae in the nymphs is a real synapomorphy, sgsipiorphy or a convergent character,
which developed independently several times, ptssib a camouflage or as a protection
shield against desiccation and solar radiation.

Nymphs of the Damaeidae are unique within the erfmledm families in having the
"scalps" attached by a corniclle,(an unpaired projection, present on dorsomedidi @f the
gastronotic region. The cornicle (Fig. 3) has bleigmerto found also in adults of three damaeid
species (Salofia, & Iturrondobeitia, 1989; Enami94;9Mourek et al., subnt. included as
contribution 1.4in this thesis). Recently, Ermilov and todiska (2009) revealed a minute
cornicle also in the larvae of the damaeid niterobelba spinosaNo clearly homologous
structures to the cornicle are known in other ditbfamilies. In the nymphs of Eremobelbidae
Balogh, 1961, one of the families of Ameroidea adow to Norton and Behan-Pelletier
(2009), the gastronotic exuviae are attached wiighsb-called Z-point, which is probably not a
cuticular process like the cornicle of Damaeidag,abkind of secretion (Weigmann 2002).

Fig. 2: Adult of Damaeus (Adamaeus) onus{=amaeidae) in dorsal view.

3.2 Current state of taxonomy of Damaeidae

The family Damaeidae includes mostly middle sizedatge oribatid mites inhabiting mostly
litter and upper layers of forest soils. They sa@erhe predominantly mycophagous (Schuster,
1956; Luxton, 1972; Siepel and de Ruiter-Dijkmam®3p details in chapter 3.4. Their overall
body form somewhat resembles the spiders; manyiespéaving very long legs. Their adults
are characterized by roughly triangular prodorswhich is distinctly separated from the
usually hemispherical notogaster (Fig. 2). Nymptes eupheredermous with the gastronotic
exuviae being attached by a corni&ldFig. 3). The autapomorphies of the family include
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notogastral setae of roves | and h being arranged in two more or less parallel lorgyial
rows; rutella with a pair of distal globular hyadirexpansions and cheliceral setd with
fringe of barbs in distal third becoming shortewtod the tip. Expanded funnel-like bothridium
is shared with the genudungarobelbaBalogh 1943, which was originally included in
Damaeidae, but was later transferred to a sepfaraity Hungarobelbidae Miko et Travé 1996.

Adults of different damaeid genera and subgeneralistinguished mainly on the base
of the leg chaetotaxy, presence/absence of spirtheatae and presence/absence of
propodolateral apophysR (Kunst, 1971; Balogh and Balogh, 1992; Bulanovat&atkina,
1975; Pérez-liigo, 1997; Miko, 2006). Species-dpeaharacters include for example
presence/absence of various tubercles on prodaasdrooxisternum, shape and relative length
of sensillus and notogastral setae (e.g. Behartialiand Norton, 1983, 1985; Bayartogtokh,
2000a, 2000b, 2000c, 2001; Bayartogtokh and No2607).

Morphology of immature Damaeidae is more conseredthan of the adults. Immature
characters have been integrated in the diagnosasmod genera (Norton 1978a, 1979c¢), but the
redescriptions of immature stages are availablg onb small part of damaeid species (see
Table 1 in Mourek and Miko, 2009 - included @mtribution 1.3in this thesis). Diagnostic
keys for immature stages of Damaeidae have not lmmloped yet and comparative
morphological studies of immatures remain scarcert, 1977a; Ermilov and tochgka,
2009).

Fig. 3: Spatiodamaeus verticillipeamaeidae): A) larva in dorsal view; B) deutonyrip
dorsal view; C) nymphal cornicles in lateral vidmm left to right: protonymph, deutonymph,
tritonymph. Scales: 1Q0n. Abbreviationsda, dm, dp - notogastral setae, present only in larva;
k - cornicle.
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Body, legs and part of setae of damaeid mites aated with a distinct continuous
cerotegument layer forming various excrescences &)g which may be e.g. granular,
columnar, "vermicular" or reticular, depending onspecies or a genus (Norton, 1979b;
Alberti et al., 1981; Mourek et al. subm.). Thedygpf excrescences often differs also between
ontogenetic stages of a given species (Norton, 49¥liko and Mourek, 2008; Ermilov and
tochynska, 2009). Although the type of cerotegument omratattion offers valuable diagnostic

characters, it has still been only scarcely incoapaal in species diagnoses (Mourek et al.
subm.)

Fig. 4: Cerotegument details of selected adult DamaeidgeBéiba compta- granular
cerotegument on prodorsum; Belba bartosi- reticulate and granular cerotegument on
femur I; C)Damaeus onustusvermicular cerotegument with reticulate basetayn anterior
part of notogaster; C3patiodamaeus verticillipedilamentous cerotegument on femur .

The Damaeidae are distributed mainly in the NortHéemisphere and the majority of
species are known from Palaearctic and NearctionsgNorton, 1979a; Bayartogtokh, 2000a,
2000b, 2000c; Subias, 2004). The most recent &lailaventory by Subias (2009) revealed
259 named species, but the synonymies of part efsffecies remain unclear. Number of
recognized genera in recent classifications oédgffit authors ranges from 12 to about 26 (e.qg.
Balogh and Balogh, 1992; Subias, 2004; Miko, 2006).
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Areas of distribution of individual damaeid speca&s difficult to reconstruct in the
present state of knowledge. Some of the species hawide distribution over most of the
Palaearctic or scarcely even Holarctic region; #lage confined to certain subregions or to a
range of longitudes crossing the Bering Strait @ePRelletier and Norton, 1983, 1985;
Bayartogtokh, 2000c; Subias, 2004). In contrashesspecies have a narrow distribution, being
probably endemic or relict, e.g. in high zoneshaf Alpes (Schatz and Schuster, 2009).

A detailed review of the historical developmenttioé taxonomy of Damaeidae was
published by Miko and Mourek (2008) and is includesiContribution 1.2in this thesis.
Therefore, | repeat only the most important fagtthis place.

The basis for the current generic classificatiorthef family was created by Grandjean
(1936). In his concept, based on the study of akEuropean species, he emphasized the leg
chaetotaxy, namely the presence/absence ofdsetatibiae II-IV, coupled with the solenidia.
Grandjean (1953) for the first time delimited theeat of the family (under the junior synonym
Belbidae, Willmann, 1931) to a group, which seem®¢ monophyletic also in the current
point of view (Norton, 1979b; Norton and Behan-Btdr, 2009).

The generic concept based on the leg setation wésef elaborated by Bulanova-
Zachvatkina (1957a, 1957b, 1962, 1965, 1967), whupgsed new damaeid genera and
subgenera and described numerous new speciesHmtartitory of former Soviet Union. Her
studies finally resulted in splitting the familytinthree independent families: Damaeidae,
Belbidae and Belbodamaeidae (Bulanova-Zachvatki®#,7), which were included in the
identification key (Bulanova-Zachvatkina, 1975) attbpted by part of subsequent authors (e.
g. Schatz, 1983; Olszanowski et al., 1996; Pereggo|i1997).

Norton (1979b) rejected the Bulanova-Zachvatkicaiscept, clearly demonstrating that
Belbidae and Belbodamaeidae are artificial taxaetamainly on plesiomorphic characters.
Even if many proposals by Bulanova-Zachvatkinaraesonable, some are rather problematic.
Some of the new genera and subgenera proposed laypd®a-Zachvatkina (1957a) were
published only as names with diagnosis, withoutigieging their type species and therefore
remainednomina nudauntil subsequent works (e.g. Bulanova-Zachvatkirt§7). Moreover,
some of the new species names were published witteally describing the species, many
other species, including the types of some genseae described only briefly and were
insufficiently illustrated. Therefore, detailed esttriptions of Bulanova-Zachvatkina’s damaeid
species are urgently needed. Unfortunately, theiision is complicated because of the bad
accessibility of the type material, which is prolyapartly lost and partly deposited in the
Siberian Zoological Museum in Novosibirsk, Rus3iae museum does not loan the specimens
and therefore personal study visit would be negggSa Ermilov, pers. comm., 2010).

Another remarkable contribution to systematics afiiaeidae on the generic level was
the series by Norton (1977a, 1977b, 1978a, 1979B9d), based on the study of Nearctic
species. In contrast to previous authors, he iatedralso the study of immature stages. He
proposed several new genera and subgenera andastidtetd that some of the classical
damaeid genera, defined on the base of Palaeapécies, are probably polyphyletic or
paraphyletic groups.

As noted above, the Damaeidae in the current safise the transfer dfeloppiaand
Hungarobelbao other oribatid superfamilies (see Norton, 1978iko and Trave, 1996; Chen
et al. 2004; Norton and Behan-Pelletier, 2009)rs¢@ be a clearly defined monophyletic
group with distinct autapomorphies on the familyelke Still, the position of some poorly
known taxa included in Damaeidae, remains uncerfBimis is for example the case of the
North American genus Dasybelba Woolley et Higgit®79, which might in fact belong to
another oribatid family (see comments in Moureklgtsubm.).
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The generic classification of Damaeidae still ramdargely artificial and has not been
subjected to a thorough revision with cladistic moetology. The revision of higher
classification of Damaeidae is unfortunately harepdny the insufficient knowledge of many
taxa, including some of the genotypes. Similar pois as with the species described by
Bulanova-Zachvatkina have been with many Europeagiss described by some of the earlier
authors (e.g. Koch, 1836a,b; 1841; Mikig] 1963, 1964).

Subias (2004) in the world catalogue of oribatidesiproposed extensive generic
recombinations in many families including the Daidae. He introduced numerous new
names for the homonyms arising from the recombonati Unfortunately, he neither explained
the reasons, nor published any modified diagnddeseover, he did not give any references to
previous works. He regularly updates his lists mal{Subias 2007, 2008, 2009), but always
only the last version is available from the webeabhis rather unorthodox way of publishing
taxonomical works is very much in conflict with émbational code of zoological nomenclature
(1999). Although some of the recombinations proposg Subias (2004, 2007, 2008, 2009)
may be considered as reasonable, many of them pgrarently based on very superficial
analysis without comparing real specimens. This efgyublishing nomenclatory acts may lead
to further destabilisation of higher systematic®wbatid mites, rather than to identification of
their real phylogenetic relationships.

Miko (2006), in the key of German oribatid mites €iymann, 2006), revised the
majority of damaeid species known of the Centralolge. However, some problems remained
unresolved and particular European taxa have begescribed in subsequent series of papers
(Miko and Mourek, 2008; Miko 2008; Miko, 2010; Makr et al., subm.; Mourek and Miko,
subm.); the parts in which | have participatediacduded in this thesis (s€&ontributions 1.2,
1.4,1.5.

3.3 Current state of taxonomy of Gymnodamaeidae

Walter (2009) provided an excellent summary of noat&torical, methodical and conceptual
problems of systematics of Gymnodamaeidae, refigdthe most recent state of knowledge.
Therefore, | will review only the most importantipts with emphasis on European taxa.
Gymnodamaeidae have a very conspicuous body forgn5F Their notogaster is distinctly
flattened, usually slightly concave, dorsally wdtslightly elevated margin and is distinctly
separated from prodorsum by a well-defined dorsmsjfurrow. In many species the legs are
slender and distinctly longer than body, whichasied over the substrate during walking. The
entire body and leg surface, including most of seis coated with a distinct cerotegument
layer with remarkable pustulate sculpture. The asculpture and ultramicrosculpture of the
cerotegument in Gymnodamaeidae studied with SEMeroffvaluable species-specific
characters, but has been studied only scarcelyWebley, 1972, 1973a; Weigmann and
Mourek, 2008; Walter, 2009).

Characters common with other families of Platereside® include the distinctly
developed terminal apophysis in tibia | bearing th@enidia and companion seth
eupheredermous nymphs and reduced number of nttalgeetae (ranging from 4 to 6 pairs) in
adults (see Norton and Behan-Pelletier, 2009). Gehgnsive amended diagnosis of the family
was proposed by Walter (2009). The family can lsimguished from other Plateremaeoidea
by the following combination of characters: pedtdekll present, pedotectum | auriculate;
notogastral setae positioned posterior to lyrifieson; two pairs of anal setae present; tarsus Il
with two solenidia; notogaster concave in latetialWw notogastral setae not twisted (Norton
and Behan-Pelletier, 2009)
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In my view, the polarity (plesiomorphy x apomorplof)character states on the family
level whithin Plateremaeoidea is not quite cledre Group has not yet subjected to cladistic
methods and none members of Plateremaeoidea wdueléd in the molecular-phylogenetic
study of oribatid mites presented by Maraun et24104).

Fig. 5: Typical body form and characters of Gymnodamaeidae the example of
Gymnodamaeus bicostatus) adult in dorsal wiew; B) adult in dorsolatevéw; C) proximal
part of tarsus | and distal part of tibia | in lateview with typical apophysis (arrow) bearing
two solenidia and companion seita

Gymnodamaeidae seem to be early derivate forms,ftissils being known already
from the Late Cretaceous amber (Labandeira, PhalifgsNorton, 1997). The family is nearly
cosmopolitan (Subias, 2004; Norton and Behan- f#&1]2009). Subias (2009) reported in total
66 named species of Gymnodamaeidae worldwide heusynonymy of some of them may be
expected.

The representatives of Gymnodamaeidae are ofterdfoudry open sites ranging from
arid or semiarid zones, steppes and other grasslandr light forests to alpine and tundra soils
(Walter 2009). In Central Europe, the Gymnodamaeidiee mostly distributed in relatively
warm regions (Weigmann and Miko, 2008). This maywéaver, relate more to dry conditions
with fluctuating temperature and open vegetatiovecgthan to warm climate as such.

The systematics of the family on the genus levetiis not stabilised. The number of
genera accepted by different authors fluctuatesvdrt 11 distinguished by Paschoal and
Johnston (1992) to only 5 genera recognized by Wb832). Also the genus diagnoses vary
among different authors. Some of the Paschoal'sigeseem to be artifficial and weakly
defined. Some species display intermediate statesome characters used in the generic
diagnoses, but Walter (2009) recommended to digisihgthe genera, until the family is
completely revised with cladistic methodology. Titehal characters used as the base for
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generic diagnoses include mainly the presence/alesarbasal retrotecta (reverse collars in the
sense of Weigmann and Mourek, 2008), presence/absdrcuticular "bridge" separating the
genital and anal openings, position of interlamekatae, number of notogastral setae,
presence/absence of reticulate cuticular sculginreotogaster and form of apophyses bearing
posterior notogastral setae (from Walter, 2009 smplplemented according to Subias et al.,
1997 and Weigmann, 2006). Walter (2009) furtheppsed new differential characters generic
based on the cerotegument microsculpture of notegas

The main problem of the taxonomy of Damaeidae imynview a methodical one (see
also Walter, 2009). Authors of species descriptiahesal with two types of body
ornamentation—the sculpture of the procuticle drat of the cerotegument. The procuticular
and cerotegument strucures may be often confudeel pfocuticular sculpture seems to be is
relatively stable, but its overall appearance sms$mitted light depends on the degree of
sclerotisation of a given specimen. For exampéstty hatched adults may look considerably
different than the fully mature ones (Walter, 2Q06is also often not clear, whether the pattern
consists of surface elevations and depressionsf arner thickenings. Most often, it is a
combination of both types.

The cerotegument sculpture seems to be quite stathén a given species but it is
easily detached from the body during the prepamatiod may be partly abraded during the
mite's life as well (see Weigmann and Mourek, 20Q8)fortunately, some authors, even if
otherwise being excellent illustrators, did notaclg distinguish between the procuticular and
partly abraded cerotegument sculpture (e.g. Wo882;1Subias et al., 1997). Tlex post
interpretation of their figures is difficult. Sono¢her authors illustrated their species without
the cerotegument (e.g. Kunst 1958; Woolley and Higgl973b). Bayartogtohk and Schatz
(2009), in contrast, carefully distinguished bogpes of sculpture, but unfortunately did not
study the details with SEM.

In Europe, the most confusion was caused by the lpoowledge of the gymnodamaeid
species briefly described by Berlese (1910), whb rdht illustrate them at all. Mahunka and
Mahunka-Papp (1995) reviewed the available materithe Berlese collection and provided
schematic figures, but unfortunately did not malsaded redescriptions and some of the
problems remained unresolved.

The satisfactory resolution of problems related hwithe systematics of
Gymnodamaeidae would be the combination of SEM- lajid microscopical observations,
applied on the material from more local populati@msl combined with the study of type
material, if available. A model study of this tygaen if concerning only two Central European
species oGymnodamaeysvas done by Weigmann and Mourek (2008) and isicted in this
thesis agontribution 1.1 Walter (2009) applied similar approach in muclyéarextent on the
Canadian genera of the family.
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3.4 Trophic interactions between oribatid mites andsoil fungi

Soil oribatid mites have been traditionally viewad being predominantly saprophagous,
feeding on decomposing plant tissues colonised wetlous microoorganisms, mostly different
groups of fungi. The trophic differentiation oflbatid mites has been considered relatively low.
Several attempts have been made to classify thatats to guilds or trophic groups (Schuster,
1956; Wallwork 1958, 1967; Luxton, 1972; Kaneko,8&8® In principle, the generalists
(panphytophages) vs. the species more or less azed on the higher plant material
(macrophytophages) or on the microorganisms (mltytgphages) have been distinguished,
the details and terminology slightly differed beemerhe above-mentioned authorsauthors.

Siepel and De Ruiter-Dijkmann (1993) further depeld the previous concepts
according to the presence/absence of differenstiigeenzymes (carbohydrases), enabling the
oribatid mites to digest the principal storagetanctural polysaccharides in the higher plant or
fungal material.

The saprophagy/mycophagy still seem to be the maspread feeding strategies of
oribatid mites in soil gSchneider et al., 2004ait dome recent studies based on stable isotope
ratios (°N/*N and/or°C/**C) indicate, that the trophic differentiation oftzatid mites is much
higher than previously expected (Schneider et@4»; Erdmann et al., 2007; Fischer et al.,
2010).

Especially in the litter of temperate forest, tla@m®trophic fungi represent one of the
major and widely utilized food source for oribatiites (Luxton, 1972; Wallwork, 1983). Algal
food is readily accepted or even preffered by nooiatid species in laboratory conditions
(Hubert and LukeSova, 2001; Hubert et al., 2001yZSand Norton, 2004). Besides the
saprotrophic fungal species the ectomycorrhizagjifunmay be accepted by the oribatids as well
(Schneider et al., 2005). The fungal communities strongly influenced by the oribatid
activity. On one hand, the fungal colonies are sctgjd to continuous grazing by numerous
oribatid species (Mamilov et al., 2001); on theesthand the oribatids may disperse viable
fungal propagules on their body surface and vi# feaces (Jacot, 1930; Behan-Pelletier and
Hill, 1978, 1983; Renker et al., 2005; Smrz, 200RH)e oribatid mites facilitate the fungal
colonisation of new substrates and may help tostabdish fungal communities after strong
disturbance (Maraun et al., 1998b).

Most of oribatid mite species can feed on a varndtiungal species, but usually reveal
distinct preference (Maraun et al. 1998a; Schnedahelr Maraun 2005; Schneider et al 2005).
Even the species considered being predominantlyraphgtophagous often ingest some
amount of fungal material (Behan-Pelletier and HBIB3; Smrz 1998). The spectra of fungi
preferred by different oribatids partly overlap. i# still unknown to what extent the
interspecific differences support the coexistenfdeigh number of oribatid species (Maraun et
al 1998; Schneider and Maraun 2005). Oribatids wswpposed to prefer melanized
(“dematiaceous”) fungi to those with hyaline hypliganeko et al 1995; Maraun et al. 1998a).
However, this hypothesis that fungal species balando an artificial taxonomic group
“dematiaceae” may be preferred due to containinignized hyphae has not been substantiated
and different melanized fungi are preferred witlffedent intensity (Schneider and Maraun
2005).
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Koukol et al. (2009, included aontribution 2.1in this thesis) pointed the following
three main gaps in knowledge of the oribatid-funigaphic interactions, which have been
hitherto studied mostly from the "zoocentric" poafitview:

1. Most of the authors studying feeding prefereofceribatid mites for particular fungi used
fungal strains cultivated on artificial agar medi@at on natural substrates. The substrate
quality largely affects the fungal physiology; tafare the content of secondary metabolites
and the production of volatile compounds may stlpdgfer from the natural conditions.
This may strongly change the preferences of thaietu animals, as was already
documented for Collembola (Klironomos, 1992; Kanekal., 1995; Sadaka-Laulan et al.,
1998).

2. In many feeding preference studies, only patheffungi was identified to species level.
This makes difficult the comparison of results betw different studies. Moreover, the
results may not be interpreted in the context ¢denlogy of the fungal species included.

3. The hitherto published studies included mosthquitous fungal species and almost
completely ignored fungi restricted to particulgres of substrates.

The results of our feeding preference tests indidhtat particular oribatid species may prefer

not only ubiquitous fungi, but also the substrgieesfic ones (Koukol et al., 2009). The

feeding preference revealed to be context-deperatahthe oribatids are able to "switch" to
other fungal species, if the most preferred orrensoved from the study system.

Members of the family Damaeidae represent suitabtedel oribatid species for
laboratory studies aimed on mite-fungal interactioit can be assumed, that they feed
predominantly on saprotrophic fungi (Schuster 19béxton 1972; Siepel and de Ruiter-
Dijkman 1993). Most of them can be easily keptahdratory cultures on green coccal algae.
Accidentaly, they can consume other materials wiclg higher plant tissues and dead
arthropod bodies as well. Their anterior part ahehtary tract is swallen into a voluminous
chamber called ingluvies, which may represent aptadion for predigestion of fungal material
(Schuster 1956; Hoebel-Mavers 1967; Smrz 1991).eSofhthe damaeid species revealed an
intensive digestive chitinase activity and are thygected to be able to digest the cell-wall of
the fungal hyphae - “fungivorous grazers”, whilemso others without the chitinase are
probably able to digest only the hyphal conterirfivorous browsers” (Siepel & de Ruiter-
Dijkman 1993).

Their thick cerotegument coat (see above chap®rd@ten harbours large amount of
fungal spores (Mourek, unpubl.), which may be dstied by these relatively mobile animals.
The two species of Damaeidae included in our peefeg tests did not reveal stronger
preferences for particular fungal species thanréheaining tested oribatid species (Koukol et
al., 2009). In our second study (Koukol et al.,raubncluded asontribution 2.2in this thesis)
we demonstrated, that the grazing by two speci&xaaiaeidae at low population density may
increase the amount of viable propagules of anamogscomycetes.
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4 Synopsis of the contributions

4.1 Problems of taxonomy and morphology of EuropeaPamaeidae and
Gymnodamaeidae

Contribution 1.1
Weigmann G.Mourek J. (2008) Contribution to the Central Europg&aymnodamaeuspecies
G. barbarossaandG. bicostatugAcari: Oribatida: Gymnodamaeida&posystematics and
Evolution 84, 255 - 264.

We provided a detailed redescription@fmnodamaeus barbaros¥deigmann, 2006, which
was originally only briefly described in the idditation key to oribatid mites of Germany. We
further provided detailed comparison Gf barbarossawith the second known Central
European species of the genuSs—bicostatugC. L. Koch, 1835) and summarized available
data on distribution of both specigdymnodamaeus bicostathgas a Holarctic distribution;
G. barbarossahas been recorded in Eastern Germany at the KyfivaMountain (locus
typicus), in Austria, Czech Republic and Slovakia,to now. Each species has a characteristic
cerotegument ornamentation, which is documentesEiy micrographs. Both species seem to
prefer dry and warm habitats.

| substantially participated in data collectiorvasl as in writing the manuscript of this
publication, namely by conducting the SEM-studyboth species, analysing their the leg
setation, providing morphometrical data, drawingae figures and writing some parts of the
text.

Contribution 1.2
Miko L., Mourek J. (2008): Taxonomy of European Damaeidae (Acari: Qialaa |.
Kunstidamaeu$liko, 2006, with comments oDamaeussensu latoZootaxa 1820, 1-26.

In this publication we reviewed the historical dieyement of the taxonomy of the family
Damaeidae and proposed a new concept of clasgficaf the generic comple®amaeus
sensu latoEpidamaeusBulanova-Zachvatkina, 1953patiodamaeuBulanova-Zachvatkina,
1967 anKunstidamaeudiko, 2006 were given generic status, wheil@asmaeugAdamaeus)
Norton, 1977,D. (ParadamaeusBulanova-Zachvatkina, 1967 and the nominal subgenu
Damaeussensu stricto were considered to be subgenetaeofeénudDamaeusC. L. Koch,
1835. We further provided an amended diagnosisdasdription of the genusunstidamaeus
Miko, 2006. The type speciés lengersdorfi(Willmann, 1932) and its immature stases were
redescribed and the geographic distribution andoggoof this troglophilous species was
discussed. The neotype Kf lengersdorfiwas designated. Together with the type species, th
genusKunstidamaeusncludes seven known European spediedenuipesMichael, 1885),
K. tecticola (Michael, 1888),K. nivalis (Kulczynski, 1902) K. nidicola (Willmann, 1936),
K. diversipilis (Willmann, 1951), K. granulatus (Willmann, 1951), andK. longisetosus
(Willmann, 1953).

| was substantially involved in all phases of pragian of this publication. | namely
conducted the SEM-study & lengersdorfj analysed the morphology of ontogenetic stages,
analysed the ontogeny of leg chaetotaxis and casdpéamwith representatives of other genera
and subgenera ddamaeussensu lato. | further wrote some parts of the {psrt of the
introduction, whole description of ontogenykflengersdorfiand part of the remarks), drew
some of the figures and graphically edited thel figare plates.
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Contribution 1.3
Mourek, J., Miko, L. (2009) Ontogeny of the famulus in seEtimembers of Damaeidae
(Acari: Oribatida) and its suitability as a phyloggic marker. In: Bruin J. & Sabelis M. W.
(eds.)Trendsin Acarology. Proceedings of the International Congress of Aocaso(ICA-
12, Amsterdam, August 2006), published on CD-ROM38.

This contribution was originally presented as atpo®n 12 International Congress of
Acarology held in Amsterdam (August 2006) and pshdid in final form in the reviewed
conference proceedings. We concerned ontogengpéeaialised leg seta called famulus in the
context of taxonomy of the family Damaeidae. Thad&us is present on the dorsal side of the
tarsus of the first pair of legs in acariform mitéshas various shapes, but a stable location
within the whole group. In the Damaeidae, two &taiéfamulus are known: emergent and
sunken. The emergent famulus is a simple shortvaéteully emergent insertion. It is present
in the adult of all known Damaeidae and in immatst&ses of many damaeid genera. The
sunken famulus is reduced in size and submergadamea with an elevated rim, so that only
its tip is visible. In this study, the ontogenedievelopment of the famulus in selected Central
European damaeid species—namddamaeus (Adamaeus) onustub. (Paradamaeus
clavipes Epidamaeus tatricysSpatiodamaeus verticillipgKunstidamaeus lengersdarfi
andBelba compta-was studied with light and scanning electron micopsy and compared
with that ofGymnodamaeus bicostat(Gymnodamaeidae). Literature data on the ontogény o
the famulus in Damaeidae are summarized and theifisgnce of the famulus as a
phylogenetic marker is discussed. In agreement pigvious studies, adults of all studied
members of Damaeidae had an emergent famulus. Mimatures of all studied members of
Damaeussensu lato, except fd&. tatricus had a sunken famulus, whereas the immatur8s of
comptahad an emergent famulus. Immatures as well assadti®d. bicostatushad a sunken
famulus. In contrast to Norton’s phylogenetic hypses, all immature stasesEftatricus
possessed an emergent famulus, similaBtacompta Therefore, either the monophyly of
Epidamaeuss questionable, or, more likely, reversal to asjeorphic state occurred .
tatricus.

| elaborated the main content of this paper. Thewse author contributed with some
important ideas and helped with polishing the fimainuscript.

Contribution 1.4
Mourek, J., Miko, L., Bernini, F. §ubmitted Taxonomy of European Damaeidae (Acari:
Oribatida) IV. Partial revision dfletabelbaGrandjean, 1936 with proposal of one new
subgenus, one new species and redescriptions dritaxayn species.

In this manuscript, submitted to a peer-reviewedrnal with impact factor, we review the
current state of taxonomy of the oribatid mite gekletabelbaGrandjean, 1936 (Damaeidae)
and present a new concept of the genus and a meavigeliagnosis. We consider the subgenus
MetabelbaParametabelbaMihelci¢, 1964, to be aomen nudurand propose a new subgenus
name to replace it. The new subgenus includes fexiass of Metabelba without a
propodolateral apophysis. Further, we propose a species ofMetabelbabased on the
material from Central Bohemia (Czech Republic), &lpfilesia (Poland) and South Tyrol
(taly). Metabelba romandiolaéSellnick, 1943) an. sphagniStrenzke, 1950 are redescribed
and illustrated based on the study of their typeesas well as of the type series of their junior
synonyms and freshly collected material. Finallg, provide a diagnostic key to the species
included in the new subgenus known from Palaearegon and Canary Islands.
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| prepared the major part of this paper. The remgiriwo authors contributed by
studying part of the material, provided commentd @eas, writing parts of the text, drawing
some of the figures and assisting in finalisatibthe manuscript.

Contribution 1.5
Mourek, J., Miko, Skubata, P.dubmittedl Taxonomy of European Damaeidae (Acari:
Oribatida) V. Redescription &pidamaeus bituberculatKulczynski, 1902).

In this manuscript, submitted to a peer-reviewadrnal with impact factor, we redescribed and
illustrated Epidamaeus bituberculatugKulczynski, 1902)—type species of the genus
EpidamaeusBulanova-Zachvatkina 1957. The detailed knowledf¢his species has been
urgently missing and its absence made impossibée rdvision of the concept of the
heterogeneous and weakly defined geBpsgdamaeusThe redescription is based on adult
specimens collected in dead wood and tree hollowsatural forest in Upper Silesia, Poland,
by P. Skubata. The species is characterized méainlgingle pair of postbothridial tubercles
(Ba) on prodorsum; comparatively strong sensillus éwvehick throughout with slight
subterminal expansion and blunt tip; fully develdppropodoventral E2a E2p and
ventrosejugal \(a, Vp) enantiophyses. We designated the neotype, bethaseriginal type
series is presumably lost. Further, we discussex dsimilarities and differences d&.
bituberculatus in comparison with other known species of the genbpidamaeus
bituberculatusseems to be comparatively rare. At least partudiiphed records is probably
based on confusion with other species of the genus.

| prepared the major part of this paper: examinkd tavailable specimens of
E bituberculatus drew the figures and wrote most of the text. LikdMwrote part of the
introduction and discussion, namely the comparisih other species of the genus, provided
comments and ideas and helped with finalizing thenuscript. P. Skubata collected the
material ofE. bituberculatusprovided fauniscic and habitat data and examthecabitats of
the original type locality. He also helped withdirediting of the manuscript.

4.2 Feeding preferences of selected oribatid mitazhabiting pine litter and their
interactions with saprotrophic ascomycetes

Contribution 2.1
Koukol O.,Mourek, J., Janovsky Z.Cerna K. (2009) Do oribatid mites (Acari: Oribatida)
show a higher preference for ubiquitous vs. speadlsaprotrophic fungi from pine litter?
Soil Biology and Biochemistr{124-1131.

Previous studies of oribatid mite feeding prefeemtor different soil fungi were limited to
ubiquitous fungal species, whereas saprophytesazed to decompose particular substrates
have been neglected. Moreover, most authors useghffistrains cultivated on artificial agar
media, not on natural substrates. The results maylbe somewhat misleading.

In the present study we therefore examined theeprate of seven oribatid mite species
(Adoristes ovatus, Eniochthonius minutissimus, Euaeers silvestris, Nothrus silvestris
Oppiella subpectinata Porobelba spinosaand Spatiodamaeus verticillipgsfor nine
autochthonous saprotrophic fungi from Scots pitterliPinus sylvestris Among the fungal
species offered to the oribatid mites were seveacifip coniferous litter colonizers
(Allantophomopsis lycopodina, Ceuthospora pinastrblormonema dematioides
Scleroconidioma sphagnicqlaVerticicladium trifidum, Marasmius androsaceuand
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Sympodiella acicolgand two ubiquitous specieGladosporium herbarurandOidiodendron
griseun).

The fungi were inoculated on fragments of pine hednd offered simultaneously and
separately to the mites. Our hypothesis, that tdbaites (usually occurring in more than one
type of ecosystems) would prefer the ubiquitousggédrspecies rather than those specific to
pine litter, was supported only partly. The ubiqugC. herbarumwas highly preferred by all
studied mites, but most of them preferred one orenaf the specialized fungi with similar
intensity. The basidiomycet®l. androsaceusalong with sterile needles were consistently
avoided by all mites in all experiments.

Our results do not support the hypothesis, thattilue” fungivorous oribatid mites in
traditional sense(ppiella subpectinatdPorobelba spinosandSpatiodamaeus verticillipgs
are more selective fungal feeders than are thgdeeialized” panphytophagous on@slQristes
ovatus, Eniochthonius minutissimus, EueremaeusssilgeNothrus silvestrijs

We observed no gradation in preference of fungofidratid mites as a group, but rather
a discontinuous and dynamic mosaic with particolaes preferring particular fungal species.
This heterogeneous mosaic shapes the feeding nmt@sgied by particular oribatid mite
species and probably reduces competition for faagce®e among numerous species coexisting
in a given habitat and time.

| substantially participated in most phases of stisdy and was responsible for its
acarological part. | selected the model speciesribfatid mites, collected the mites for the
experiments and together with the remaining thrathas took part in suggesting the
experimental designs, collection of data, integiet of the results, writing the text and final
editing of the manuscript.

5 Contribution 2.2
Koukol O., Janovsky Z(erna K.,Mourek J. (submittedl The effect of oribatid mites on the
dispersal potential of two anamorphic ascomycetes.

In this study we examined, if the grazing by oridbahites influences the amount of dispersion
propagules produced by soil anamorphic ascomyc@tesdetermined changes in the number
of propagules (conidia and hyphal fragments) paaéintused for the dispersal of two
anamorphic ascomycetes after grazing by two mycgpgs oribatid mites at two mite
densities. We exposed fragments of pine litter te=epirecolonised b$ympodiella acicoland
Fusicladium cordago grazing byPorobelba spinosand Spatiodamaeus verticillipeghe
number of propagules was determined as the numbdungal colonies on agar plates
originating from a suspension made by washing titfase of individual needle fragments.

Lower density grazing bgpatiodamaeus verticillipesurprisingly resulted in higher
number of propagules of both fungal species an@rsexd the decrease in the number of
propagules in the control treatment. In contrasthboribatid mites at the higher density
significantly decreased the number of colonies. uliameously, allochthonous fungi were
introduced by the mites into the needle fragments.

Our results indicate thabpatiodamaeus verticillipeand Porobelba spinosamay
represent an important force affecting the disgedcdaparticular fungal species and the
composition and structure of fungal communitiepine litter, with the effects being mite-
density dependent.

In this study | took part mainly in suggesting amgtimalisation of the experimental
design, collecting the mites for experiments, iptetation of the data and writing the
manuscript. The experiments were carried out mdstlp. Koukol and KCerna, whereas Z.
Janovsky performed the data analysis.
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