-

View metadata, citation and similar papers at core.ac.uk brought to you byj: CORE

provided by Corvinus Research Archive

Gergdcs — Hufnagel: Oribatid mites (Acari: Oribajiéh microcosms — A review
-355-

ORIBATID MITES (ACARI: ORIBATIDA) IN MICROCOSMS-A
REVIEW

GERGOCS V.* —HUFNAGEL, L.?

'E6tvds Lorand University, Department of Plant Teoiy and Ecology
H-1117 Budapest, Pazmany Péter sétany 1/C, Hungary

“Corvinus University of Budapest, Department of Mathtics and Informatics
H-1118 Budapest, Villanyi at 29-43, Hungary
(phone: +36-1-294-9875)

*Corresponding author
e-mail: veragergocs@gmail.com

(Received 18 November 2011; acceptetf December 2011)

Abstract. Oribatid mites are one of the most abundant andispeich group in soil mesofauna. In spite
of this, we have limited knowledge on the role tipégy in ecological processes. Since they are dikall
other mesofauna members and live a hidden liféy; tservation is difficult. Their life style, intactions
with other organisms and role in soil decompositimocesses can be investigated with laboratory
experiments more exactly and effectively. While titerature of microcosm studies is very extensive,
relatively few review papers have been written allbe methodology of microcosm studies. The present
review summarizes details of techniques that h@emapplied laboratory microcosms involving orithati
mites. It is shown what one should keep in minglanning, composing and setting up a microcosm. Our
comparative evaluation reveals how the laboratoqeaments were maintained and manipulated and
what kind of information was extracted. This metblogical review can be useful in preparing
microcosm experiments applied to other animal gsagpwell.
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Introduction

Oribatid mites are one of the most abundant andiepeich mesofauna group
particularly in temperate deciduous forests andcedloconiferous forests (Wallwork,
1983). They occur almost in every type of terrasiand in some freshwater) habitat of
the world, in all kinds of microhabitats, and fdrist reason they can have great
significance in the area of indication researchgaldgh et al, 2008; Gergdécs and
Hufnagel 2009; Gergdcs et al, 2010, 2011).

Most of the species are generalists regarding gediode and habitat preference
(Maraun et al., 2007), a large part of the spefged on saprotrophic fungi but there are
also bacteria feeders, detritivorous species antesof them feed on carrion (Behan-
Pelletier, 1999). However, many questions have madaunanswered in oribatid
ecology. Despite their large density and specieBngss, we still do not know the
answers to the following questions: why are theylserse, what kind of interactions
they have with other soil dweller animals and micganisms, what kind of role they
play in decomposition, do they facilitate or obstrmineralization, etc.. Since oribatid
mites are small animals (the largest species avatab mm long) they are difficult to
observe directly. Even Wallwork (1983) suggestedt tthey should be studied in
microcosms.

Accordingly, many studies related to oribatid miteave been performed in
laboratory microcosms. By definition, microcosmse ajminiature constructed
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ecosystems in which physical and biological comstraare imposed to enable the
controlled study of ecological processes” (Drake &mwamer, 2011), or formulating
briefly: ,small ecosystems in containers” (Frased &eddy, 1997), or ,enclosed model
ecosysterms” (Kampichler et al., 2001). The lattéudy emphasized that all the
microcosm experiments are performed in laboratoryeu artificial circumstances and
they should not be confused with mesocosms, whieh ,bounded and partially
enclosed outdoor experimental set-ups, that idd feenclosures with reduced or
controlled input and output from and to its surrdimg environment”. The scientific
relevance of microcosm experiments is controverddath camps (pro and contra
microcosms) present several arguments in favor hafir topinions. The critical
comments against microcosms were divided into tigreeips by Drake and Kramer
(2011): 1. Microcosms are ecologically too simpled athe results coming from
simplified processes cannot be extrapolated toreafs Microcosms are too small and
the experiments are too short in time so they careflect realistic spatial and temporal
changes. 3. The results of this kind of experimares only valid under artificial
circumstances. Nevertheless, microcosm experimese many advantages because
they are relative cheap, easy to carry out, theybm done close to the researchers’
workplace, they can be controlled easily and thestraints can be set exactly. The
above mentioned problems are not necessarily d@ksbbhecause complex natural
processes often cannot be studied in intact stat¥gpcosms can separate mechanisms
and therefore we can test our theories after sfiogifion more effectively (Drake and
Kramer, 2011).

Most of the organisms living in soil and taking fper decomposition processes are
small and cannot be investigated with naked eyds Bxplains why microcosm
experiments have been conducted since the 1960#gH2007). It is advantageous to
use mini ecosystem experiments to examine procéskieg place in soil because they
can be studied easily under laboratory circumsttitanks to their small size and short
generation time of the soil biota. In addition, mimosms are good models for
recognizing interactions among organisms livingoil (Moore et al., 1996).

The compilation of microcosms is a difficult procee. We must pay attention to
many factors if we want to imitate nature undeffiaidl circumstances. We have to
decide on the kinds of organisms to be included, thie environment to be ensured.
Life conditions of microorganisms, animals andilsies plants must be created in such
a way that the processes we want to examine will be bothered by anything.
Microcosm experiments last comparatively long tfeee the adequate circumstances
(e.g. humidity) must be monitored and maintainedidog time as well. Finally, data
collection is also an important aspect, becauseust reflect the changes taking place
during the experiment.

Microcosm studies have been reviewed by many astienalysing the results in
many aspects (e.g. Fraser and Keddy, 1996) exceptdthodological ones. The aim of
this study is to compensate this gap. Microcosnmegrents are very extensive and are
applied in many fields of science, so their setaiplso different. Therefore, we have
narrowed down the issue of our review to the pérsail ecology related to oribatid
mites kept in microcosms. Since these mites areommection with many other soil-
dwelling organisms, the methods we discuss in plaiger can be useful not only for
studying oribatid mites but for examining otherrialigroups as well.

The experiments are very diverse even in this marofield. At first, we
demonstrate what kinds of problems have been apipedawith laboratory microcosms.
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Then, we discuss to what we pay attention duringpasing and keeping a microcosm.
In this part of the paper, we summarize the methbdswere used in 46 publications
we have included in this review. We suggest that microcosm experiment can be
divided into three phases. The first one is settipghe microcosm itself, planning the
experiment and setting the starting conditions. $&eond one is incubation when the
system runs according to the initial settings. Thed phase is the extraction of
information. The construction of this paper follothe above sections.

Objectives of microcosm studies

There are many research issues related to micracosttuding oribatid mites. One
of them concerns the effect of temperature on tdbapecies or communities.
Uvarov (2003) showed thaNothrus silvestrisNicolet, 1855 living in temperate
deciduous forests survives large temperature clsafig@5 °C). Temperature tolerance
of five other species was studied by Deere et 2006) in microcosms. Sgvic and
Leinaas (2003) monitored the changes of artifigialomposed populations of
Ameronothrus lineatusThorell, for several years in laboratory. This rogpsm
experiment made possible that the density chanfiéiseospecimens in different life
history stages could be examined according to ¢hsanal fluctuations of temperature.
In other studies, the effects of changing tempeeabn soil dwelling mesofauna and on
decomposition processes were analysed. In thesgpégg. Sulkava and Huhta, 2003)
it was revealed that little temperature fluctuasicaround freezing point (-2 °C and
+2 °C) had minor effects on oribatid communities bareal and subarctic habitats
(Sulkava and Huhta 2003; Sjursen et al. 2005). @rtyeme freeze caused greater loss
of abundance of certain species (Sulkava and HBG8).

The behaviour of specimens can be investigated reffeetively under controlled
conditions. Such behaviour is, for example, thenng and migration speed of small
animals, which was measured either for each specone paper sheet with a frame of
1-mnt or with a whole animal community in their natungicrohabitat. As measured on
a paper sheet, speed was very different over aitdbapecies because the specimens
covered 1 cm distance in 10-100 s (Smrz, 2006). Wimggration of species was
analysed in their natural substrates, it was rexk#hat species living in litter layer
migrated faster than those living in soil but therere also great differences between
speed values (Ojala and Huhta, 2001). Domes e(28D7) carried out a similar
experiment by comparing migration speed of sexundl @arthenogenetic oribatid mites
but they could not reveal any difference betweesm mhigration ability of the two
groups.

Studying the feeding of oribatid mites has alredden approached from many
aspects. Some of the laboratory experiments invébeosl preference examinations
when the animals are generally kept on artificiddstrates (e.g. wet plaster of Paris and
charcoal) and they are offered various kinds ofdfoQuality of consumed food is
determined from the decrease of food and from gatemt examinations (e.g. Smrz,
2006). In other cases, animals are offered spdo@l in a microcosm filled with
natural substrates. Remén et al. (2010) and Crowethal. (2005, 2010) carried out soil
microcosms with only one oribatid species and wittingle micorrhiza or saprotrophic
fungi species and the decrease of fungus biomassuoted by mites was monitored.
Crotty et al. (2010) introduced bacteria enriched®® atom% in°C and*>N to soil
cores in laboratory and traced the flow of isotoffesugh the food web. They found
that some of the oribatid mite species were enddimh in'*C and™®N, reflecting that
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these species are bacterial feeders. Besides tebdbits, competition between oribatid
species can also be examined under laboratory tomsli Anderson (1978)
demonstrated in a microcosm experiment tNathrus silvestrisand Hermanniella
granulata Nicolet, 1855 compete with each other becausetesence of both species
in mini ecosystems affected their feeding and ithistron over microcosm layers.

Until recently, the role of oribatid mites in sdiékcomposition processes has not been
clarified completely. There are some microcosm issigxamining the role of oribatid
mites in decomposition of given plant materialsckiigs and Grandy (2011) traced the
role of Scheloribates moestuBanks 1895 in litter decomposition of red o&kuércus
rubra, L. 1753) and cornZea maysL. 1753). They found that the presence of mite
specimens influenced corn litter chemistry: mineedlon of C and N and extracellular
enzyme activities increased. Siepel and Maaskar@@4{(linvestigated several species
belonging to different feeding guilds. They fourétt fungivorous grazer species (e.g.
Nothrus silvestrisindirectly stimulated decomposition: saprotrophiagi could grow
faster because of the great amount of N released fiungal cell-walls by grazing.

The most extensive microcosm examinations includingatid mites are related to
the interactions among soil microorganisms, soiinta and plants. There are many
experiments where oribatid mites are categorisdy asymicroarthropoda so this larger
group is examined only as a whole. Accordingly,batid mites are not always
discussed separately. In most experiments, theitgeok microarthropoda or their
richness divided to greater groups (e.g. Cole.e2804), or the effect of their absence
(e.g. Setdla and Huhta, 1991), or their interastwith earthworms (e.g. Adeyujigbe et
al., 2006), with microorganisms (e.g. Liiri et a002b), or with the primary production
of plants and the mineralization processes (e.de @b al., 2004) are studied. From
these studies, we can get information only indiyeagbout the role of oribatid mites in
given processes. If they are mentioned separatetyich examinations, oribatid mites
are reported not to have much effect on the stuidiections (e.g. Setald, 2000).

However, there are many other studies that disea$sal interactions between
oribatid mites and other soil organisms. These istuéxamine, for example, the
relationship between oribatid and predator mitelse Tesults of these examinations
generally show that most oribatid species are pteteby their hard shell and are
therefore not threatened by predators (e.g. Schneidd Maraun, 2009). Lopez et al.
(2003, 2007) revealed that earthworms have negaffect on many oribatid mite
species. Besides this, the oribatid mites and othieroarthropoda can decrease the
abundance of enchytraeids (Huhta et al., 1998)rilfatid mites’ feeding on different
fungus species is not studied directly, then tlabitity is investigated in facilitating
reproduction and activities of soil fungi. Resulkbowed that they can promote
respiration and biomass production of soil fungafi&ln et al., 1998).

Finally, there are studies on the effects of hunmapact on the environment (e.g.
fragmentation, application of herbicides, pestisidash etc.) of soil mesofauna
including oribatid mites. Rantalainen et al. (20843l Staddon et al. (2010) established
(micro)habitat islands or patches connected withidors under laboratory conditions.
The size of isolated (i.e. having no corridors)cpat or islands was large enough for
oribatid populations to increase during the incidmatMixing natural substrates with
ash is a more serious intervention. Liiri et aD@2a) showed that application of wood
ash in an acidophilous deciduous forest soil caulsdease in species number and
density of oribatida communities. Heneghan and &old996) studied the effects of
components of acid rain on soil fauna and found apalication of potential pollutants
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of acid rain had impact on soil nutrient flow anecdmposition processes, but different
oribatid species responded in different ways, #g. populations oOppiella nova
Oudemans, 1902 did not change under nitric acatrtrent.

The effects of sewage sludge on soil living orgasiscan also be examined in
microcosms. Andres and Domene (2005) tested howagewsludge treatment
influenced soil communities. They found that difier members of mesofauna
responded to the various treatments of sewage eludglifferent ways. Most of the
groups of organisms suffered from the sludge orilgmiit had been dried before adding
to microcosms except for oribatid mites, whose tgrdid not change considerably
during the treatments. Pernin et al. (2005) tesked effects of sewage sludge with
copper enrichment and found that the number ofatidomites was decreased by the
most serious treatment. Salminen et al. (1997)ietiuthe effects of pentachlorophenol
(PCP) on the structure of soil communities and ecodposition processes. This
herbicide had direct or indirect negative effegtawost of the organisms.

Establishing a microcosm

Many things must be considered while composing eranbsm since we want to
imitate nature but a microcosm can only approximiéde complexity. Laboratory
microcosms can be stored in many kinds of contain€here are simple glass jars,
plastic and glass cylinders, tailor-made boxes Bteir size depends on the amount of
substrates placed in them. In some studies, |laggems were created (e.g. Huhta and
Setald, 1990; Salminen and Sulkava, 1996) in whemy other smaller microcosms
were located. In these experiments not only thellsmmicrocosms were examined
separately but the whole system and the interaxtlmiween the patches were also
studied.

In case of containers, one must be careful thamnttoeocosm dwelling organisms
should not escape from the system and other anistasild not come into the
microcosm so all the mini ecosystems must be clo&erhtion is generally allowed by
picking a hole or holes on the lid of containersclhare closed with a cotton plug or
with a gauze of a mesh size of ~0,05-0,1 mm. Otloees are totally closed and there
are some holes on them trough which constant @i # maintained by a compressor
(e.g. Huhta and Setald, 1990). With the former webthair humidity can be kept
constant and Cg&concentrations can be measured. In most of thescasdundant
water added to the system during the incubationtnbesleft to flow out of the
container. There are some studies in which theatoaits have a hole on their bottom
for leaching water or a mesh is adjusted on the lbashe container with open bottom
(e.g. Andrés and Domene, 2005).

In most cases, humus and litter-layers of coniferfarest floor are placed into a
microcosm of oribatid mites and other soil orgarisn®ut of the 46 reviewed
publications 22 examined the soil fauna of conifisréorests, 8 papers were concerned
with temperate deciduous forests and in the rettepublications samples were taken
from grasslands (e.g. Lopez et al., 2003), fronicajural fields (e.g. Adeyujigbe et al.,
2006), and from subarctic fields (pl. Sjursen et 2005). Occasionally, animals were
kept on artificial substrates (e.g. Fujikawa, 1998) found coniferous forest floor
substrate preference among the studies that exdmmhent seedlings and their
interactions with soil animals and soil ecologipabcesses because in ten out of 14
publications plant seedlings were planted into hsiiamd litter substrate originated from
coniferous forest floor. The amount of substrateliad in microcosms is very variable.
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In reference to studies applying coniferous fofkegir, the microcosms mainly include
humus and /or leaf litter but in half of these s#gdnineral soil is also layered under the
above mentioned materials. This choice does natlete with study objectives. The
average dry mass of leaf litter (L and/or F-layptaced in microcosms is 5.79g
(SD=4.3), the average dry mass of humus (in soraescealled as organic horizon) is
44.0g (SD=30.6). The applied amount of substratiels bt depend on research
objectives.

The substrates placed in microcosms are treatethity ways depending on the soll
layer they originate from and on the purpose ofgtuely. Treatments are usually made
for homogenization and defaunation, i.e. killingnakt all the living organisms in
microhabitats collected from natural habitats. Mahesoil is generally sieved with 2-4
mm mesh and is washed with (warm) tap water to ventbris. In most of the cases,
after mixing humus is sieved through a 1 cm mestiméonogenization, but after heating
or drying it can be sieved even through 2-6 mm mkeshf litter is often cut into pieces
of 0.5-2 cnf and there are some cases when litter materialaished with distilled
water. Bigger twigs, roots and stone pieces araydwemoved from the substrates.

Before or after these treatments follows a moressrand more effective way of
defaunation, which kills the whole biota or onetpair the biota in a given sample.
About three quarters of the investigated studiexdsome sort of defaunation. These
methods are also very variable and cannot be liexetusively to any study objective.
The simplest defaunation method is drying but aamotensive method is heating. A
wide range of temperatures (from 35 °C to 105 °€)applied for heating with a
duration from 2.5 hours to 8 weeks. There are somthods for killing the animals
with freeze: from -18 °C to -40 °C; from 24 hours 3 days. In other methods,
temperature is changed between very low and veglg fialues. Soil animals can be
killed from the substrate also in a microwave oven.

The effectiveness and justification of applyingaatjgular defaunation method have
been rarely mentioned. Huhta et al. (1989) stud@dous defaunation methods and
compared their effectiveness and side effects oinfasona and soil characteristics.
Repeated microwaving (380 W, 3 minutes) and repeaéezing-thawing and drying (-
80 °C, 0 °C, +60 °C and drying) proved to be alyeeffective technique for killing
microarthropods together with oribatid mites. Done¢sal. (2007) executed a control
experiment in which heating the samples at 60 °C &oweeks destroyed all the
microarthropods. Heating treatment for 2,5 hour85C is not enough for killing all
the Protozoa, fungi and bacteria (Laakso and Set8R0). Freezing at -20 °C does not
destroy the whole microfauna and all the eggs @ioairthropods (Lenoir et al., 2007).
Defaunation techniques have some side-effects brcisaracteristics e.g. autoclaving
increases soil acidity (Liiri et al., 2002), whesemicrowaving reduces water holding
capacity (Huhta et al., 1989). All the techniques ased in many fields of experiments;
there is no standard method for defaunation.

The aim of defaunation is generally to know theavelated system exactly or to
create a new community in accordance with the gofatke study. The composition of
communities of microcosm experiments involving attaamples is determined with
immediate parallel sampling and extracting (e.gpéet al., 2003). Alternatively, there
is no identification because only the control aneé treated samples will be compared.
These latter examinations are general in studiesuafan environmental disturbance
(e.g. Rantalainen et al., 2004; Heneghan and Bol$®86). In further cases knowledge
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of the composition of organismal communities is ingbortant because only biomass is
measured after different treatments (Laakso and@l&et999; Taylor et al., 2010).

Defaunation is followed by refaunation by reinod¢a of microcosms with
organisms. Oribatid mites can be reinoculated thesystem in many ways. In arctic
and subarctic habitats, some oribatid species @rtdilected with a single brush
because the specimens run on the surface of rackgamobacteria-layer (Sovik and
Leinaas, 2003). In most of the cases, specimensxdracted from different soil layers
either with Tullgren (Berlese-) funnel or with higinadient extractor. These methods
are used almost in all studies of oribatid mitesmcroarthropods but for refaunation
the animals must be extracted alive. There arergetechniques to extract mites alive.
The simplest technique is direct extracting wheimais are extracted directly from the
donor sample into the target sample, i.e. intoedaighated) microcosm. Intact, original
substrates are heated at the top of a funnel ext@actor, while the target substrates are
cooled and wetted at the bottom (e.g. Taylor ¢t28l10). In this case, we do not know
the exact composition of the extracted communityvie can evaluate it with parallel
communities from the same habitat with retrievingm into alcohol. Microarthropods
can be extracted into jars with moist filter paperswater. In this case, animals are
placed into microcosms with a brush or the whdterfipaper is placed onto the surface
of the substrate. Filter papers are left in micems for 1-21 days. Large (about
80cmx80cm) Tullgren funnels are often applied fachks extractions and under the
funnels there is a rotating disc with some collegtiars with moist tissue papers. This
can assure homogeneous content of jars. If aniaralsextracted directly into water,
they must be transported more often into the masots (minimum once a day).
Transporting can be made with a brush, a smallrspoavith pipette. These extracting
techniques are suitable to compose a community knthwn components at species
level (e.g. Laakso and Setéla, 1999). In some @xpets, animals are extracted onto
moist plaster of Paris and they are stored for solans before reinoculation (e.g.
Salminen et al., 1997). Kuperman et al. (2007) umeother method for refaunation.
They mixed the sulphur mustard polluted, defaunased samples with intact
homogenized samples.

During extraction larger predator insects and ggiddso run into collecting jars.
These animals can be dangerous to microarthropodkey are often removed from
filter papers or from the water except when the aiinthe study is to examine the
effects of predators on other organisms (e.g. Sdenand Maraun, 2009). There are
some cases when animals should not transport atienoorganisms into the new
system so they must be sterilized. A simple teammigs to wash mite or worm
specimens under tap water (Setalda, 2000) but ustiegptomycin sulphate is a more
effective method (Moore et al., 1985).

The simplest refaunated microcosms contain onlysiecimens of one or several
oribatid mite species in addition to microbiota.sich experiments their tolerance (e.g.
Uvarov, 2003), their role in decomposition (e.g.cings et al) and their feeding habits
(e.g. Crowther et al., 2011a,b) are studied. Tongete complex systems, specimens
from more taxonomic groups are reinoculated. Miogaaisms are reinoculated with
soil and water suspension when the knowledge atheirt exact taxonomic identity is
not important in the study. In cases when prepatiregsuspension is described at all,
humus from the collecting place is usually mixedhwdistilled or tap water (~15-300 g
humus x T1 water) then it is sieved with a 5-1@n mesh and equal portions are added
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to microcosms. Anderson (1978) stored defaunategbkes for 10 weeks on forest floor
in a mesh which was not permeable for microarthdspo

After microorganisms, nematodes and enchytraeitsllf microarthropods are
added to microcosms. In some cases collembola &@ed are reinoculated separately.
The order and the timing of inoculation vary. Inseaof direct inoculations, all
organisms get the target sample at the same timathker cases, incubation time is left
between inoculations of different animal groupsthi@ examined studies, the incubation
time between the addition of the microorganisms #m&h microartropods changed
between 7-119 days. If there is a planting treatnrethe experiment, plants are added
to the system either 7-36 days before the microapthds (e.g. Laakso and Setéla,
1999) or e.g. 13 weeks after them (Liiri et al.020). In some studies, nematodes and
enchytraeids are inoculated 4-8 days after the carganisms and 1-2 weeks later
microarthropods come to the system (e.g. SulkadaHarnta, 2003).

Animal abundances applied in these experimentseamsevariable. In most cases, no
explanation is given for values used but theresaree studies in which densities are set
to the values found under field conditions (e.gadie et al., 2007). Taylor et al. (2010)
applied direct extraction and inoculation becalsy thought it was important that the
rates of animal densities in a microcosm were dos®tural.

I ncubation

The second phase of experiments with microcosnisttisig the system to work.
Durations of examinations are very variable. Thert&st ones last only for 7-14 days.
Crotty et al. (2011) tracked the flow bfC and™N through soil faunal food web for 11
days, Kuperman et al. (2006) investigated the r@adf soil fauna on mustard gas for 7
days and Anderson (1978) measured the competigbomeen two oribatid mite species
for 14 days. Among the longest examinations, tietbe complex “macrocosm” study
of Huhta and Setala (1990), in which there wereessd\smaller microcosms in a larger
container and densities of different animal groliggg in the macrocosms were
monitored for 125 days. The second longest expatimes made by Sgvik and
Leinaas (2003), who investigated the life histofyAmeronothrus lineatu$horell for
21 months. Between the two extreme durations, thezemany other applied values.
Seven laboratory experiments lasted 7-42 daysyenetaminations lasted 56-98 days,
9 ones lasted 105-180 days and 14 ones lasted 2= @e8/s.

In a laboratory system, the climate must be setbgarchers carefully, usually in a
climate chamber. Microcosms without plants are gahekept in darkness but there
are some examples when light and darkness charlgesdan though there is no plant
seedling in the microcosm (e.g. Wickings et al1D0 Temperature is always constant
in darkness and it is set commonly between 12-25U0the most often used constant
temperature is 15 °C. When plants are also usegdrocosms (e.g. Setéld and Huhta,
1991) or intact samples are collected with plamtstteeir surface (e.g. Sjursen et al.,
2005), controlling climate in chambers becomes nuoraplex depending on duration.
If an examination lasts longer (about 308 + 96 jlagsasons also are differentiated
even with more than one growing periods (e.g. Leti al., 2002b). If complex
temperature and lighting periods are not set inr@ecmsm experiments but there are
plants in them and diurnal temperatures are copdtanstudies last for only short time
(e.g. Remén et al., 2010). Unique settings areieghpvhen reactions of soil fauna are
investigated under special or extreme temperatuemstances (e.g. Sulkava and
Huhta, 2003).
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In most cases, only temperature and light can b&alted automatically in a climate
chamber. Suitable water content of microcosms isegdly maintained with
gravimetric water supplement. That is, the wholerogosm with suitable water content
is weighed at the beginning of the experiment amickdifter this weight is maintained.
Tap or distilled water is generally added to thetem with spraying or just watering
and there is a study in which simulated rainwaseapplied (Staddon et al., 2010).
Watering frequency depends on evaporation. Minsgst@ms kept in constant darkness
and temperature are watered commonly once a weethére are water supplements
applied more rarely or twice and three times a wéélere are some unique solutions:
for example, Wickings et al. (2011) elevated thlesstates about 5 mm above water on
polypropylene stands in closed jars. Staddon e{28l110) decreased evaporation by
compressing humidified air into the chambers.

During incubation, an essential arrangement isaténcontrol. If the only aim of an
experiment is to study the changes of microcosneugiven circumstances adjusted at
the beginning of the experiment, data will be eted after the end of the incubation,
I.e. microarthropods and other animals will be maaie out, abiotic factors will be
measured, plant materials will be weighed etc. Tinthod was noted in about 50% of
the examined papers. In the other half of the pabbns examined by us sampling and
even other treatments are applied during incubattoequency of sampling was very
variable: it was 2-6 times during the incubatiom &ne time between sampling ranged
from 6 days to 1 year. In half of the cases, tha af intermediate sampling was
tracking the temporal changes in microcosms. Inother half of the papers, the aim of
sampling during incubation was monitoring chandesr antermediate treatments. Such
treatments can be changing the temperature (argetal., 2002b), or adding predators
and /or herbicide to microcosms (e.g. Salminen.e1897).

Sampling design depends on the size of the micogystem. If microcosm size is
relatively large, subsamples can be collected (@aes et al., 2007). In other cases,
the experiment includes many smaller parallel ndosons and intermediate sampling
means the examination of a whole microcosm (e.gdrédsr and Domene, 2005). We
reckon measuring abiotic factors during intermexsampling, i.e. measuring ¢@nd
nutrient concentration and, if there are plantaexperiments, also plant biomass can
be sampled.

Data extraction from microcosms

The third phase of experiments is extracting infation from microcosms.
Depending on starting conditions and logisticsyehae many opportunities for data
extraction. Information related to oribatid miteancbe principally acquired with
making them run out from the microcosm. In about bkathe relevant studies (13 out
of 32), Tullgren funnel is applied for extractingianoarthropods. The other 19
experiments used high-gradient extractor. In soxpe®ments, samples are divided
into subsamples, from which different animal groaps extracted, because the above
mentioned techniques are optimal only for miteacesinematodes, enchytraeids and
earthworms have different running characteristics.

Taxonomic examination follows extraction. Part bé tstudies identified oribatid
mites at species level but in others mites werssdiad into microarthropods used as a
single variable. The larger part of microcosm ekpents (24 out of 42) with oribatid
mites examined the characters of communities otisyns at species level. The other
studies relied on family or suborder level. Oritdatiites were examined at species level
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when their tolerance, behaviour, feeding habite i decomposition, interactions with
other organisms and the effects of pollutants belohuman disturbance on them were
monitored. At family or suborder level, interest svaisually focused on either
interactions among microorganisms, soil fauna dadtg, or the effects of microhabitat
complexity on microarthropods or the role of sailfia in decomposition processes.

In addition to the taxonomic composition of sollifa, other factors can be measured
in a microcosm experiment. In many cases pH, watatent, organic matter content,
inorganic N-, C- and P-content of organic soil, tusmand litter substrates can be
measured. The most often examined ions arg'MHd NQ'. These soil characteristics
were measured in 56% of the studies examined. Thalses can be compared with
changes in community composition and in many casexentrations of ions and
chemicals are monitored during the whole experimbtaraun et al. (1998) revealed
that in presence of oribatid mites leaching of ieatis was greater than in their absence.
Nutrients are measured either by mixing water wsthil and/or humus samples
separately (e.g. Sulkava and Huhta, 2003) or khdtilvater is made flow over the
system and the dissolved ions and other matera<low through a hole at the bottom
of the container into a collecting vessel (e.g.eGatlal., 2004).

Production of C@and its changes are often measured in microcosicause these
serve important information about the degree ofrofii@l activity through respiration
intensity. The most general method for measuring-G@fdcentration in microcosms is
to sample the atmosphere of the mini ecosystemn,The microcosm is sealed
hermetically for some hours and sampling is caroetl (e.g. with a syringe) before
sealing and after sealing and finally the diffeleng calculated. Besides respiration,
there are many methods for measuring biomass ¢ét@@nd fungi. This is important
in studies examining oribatid mites since mosthei feed on fungi and there are also
bacteria feeders (Schneider et al., 2004) and ragpgriments examine the interactions
between microorganisms and oribatid mites (e.g.eKaret al., 1998).

If there are plants and/or leaf litter in microcogxperiments, characteristics and
changes of animal and microbial communities carctmmpared with those of plant
leaves, roots or shoots: i.e. biomass, water cgn@n N-, K- Ca-, Mg contents and
lignin, tannin, cellulose content (e.g. Katajistak, 1999; Wickings et al., 2011).

Summary

Microcosm experiments extend our knowledge abaibatd mites living in soil by
circumventing difficulties arising from their smalize and hidden way of life. Most of
these studies were performed under laboratory mistances. It has to be noted,
however, that microcosms are artificial systems #ral information extracted from
them depends on the conditions we made. Therefaie, experiments should be
applied parallel to laboratory studies in all casesause without field data we cannot
adopt our results to natural conditions (Kampichlet2001).

We could see that there are many aspects we haveorisider in planning,
composing and maintaining a microcosm. If a researbas decided to find answers to
theoretical questions, like in case of other experits many setting combinations can
be chosen. We could also see that in a laboratecyooosm experiments there is no
universal rule for selecting a method, the useksnealidity and limitations of a given
technigue do not correlate with research objectiégere are many unique solutions
and neither of them can always be declared to bebést for our aims. The size of a
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microcosm, the amount of substrate placed in iindance and composition of applied
animal communities are very variable. We could findny kinds of extraction and

incubation methods, experiment duration types dimdate chamber settings. Besides
this, research issues are very variable so we tdalkoabout standardisation with the
exception of narrow research fields where the rebeas are usually the same (e.g.
Sulkava and Huhta, 1998; Sulkava et al., 2001).

Apart from the above difficulties, many useful idezan be found in other studies.
We could see what microcosm experiments can befosedhen only some specimens
of a species are studied or when the whole soilngonity is experimented with. We
also saw what kinds of habitats of microarthrop@de examined with different
manipulations. We could see how a microcosm shbeldet up; and overviewed the
conditions under which the mini ecosystems are.R&fat examined how animals can be
used for inoculation into defaunated microcosmsnitii ecosystems are ready, then it
Is important to ensure the natural conditions wige are interested to see how human
impacts modifies microcosm life, this can bring napproaches in the resolution of
complex ecological problems (Szlavik and Csete,020Ih addition, we saw various
types of information that can be extracted aboatdfate of microcosms at the end of
the experiment.
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