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SOIL MICROARTHROPODS - BIODIVERSITY, ECOSYSTEM SERVICES AND
IMPACT ON HUMAN ECONOMY AND HEALTH

Annotation. The soil system, as a part of terrestrial ecosystems, is a place of crucial
ecological processes that ensure the continuum of biological processes on Earth. The soil
microarthropods are very diverse in terms of form and function, depend on the soil type, and
influence the soil processes mainly through feeding, thus directly or indirectly influence the dead
organic matter decomposition. Particular groups of soil microarthropods provide important
ecosystem services, however, can have both positive and negative ecological and economical
effects. In this paper we discussed the role of particular soil microarthropods in the context of their
position within the soil food web, and other non-trophic influences on the soil ecosystem,
humaneconomy and health. We also emphasized the possibilities of practical use of soil fauna.

Keywords: microarthropods, soil environment, edaphone, soil food web, organic matter
decomposition.

Introduction
Soil — function, factors and humus types

In terrestrial ecosystems, the soil environment is the place of important processes of dead
organic matter decomposition. When organisms die, their tissues (mostly) are deposited on the soil
surface, where the various groups of decomposers start the process called mineralization. This
phenomenon allows the matter and energy to circulate and, in fact, ensures the continuation of
biological processes on earth.Nutrient cycling is one of the main ecosystem services provided by
soil [1-6].

The soil life is extremely diverse: fungi, bacteria, protists, turbellarians, nematodes, rotifers,
annelids and many various microarthropods. All these groups are linked directly or indirectly to
dead organic matter and, therefore, most of them inhabit the soil level of accumulation 1.e. litter and
humus on the soil surface and the surface of plant roots in the belowground part. This phenomenon
is called the vertical differentiation of soil life i.e. the uneven vertical distribution of organisms
within the soil profile.

There are many environmental factors that influence the soil life e.g. temperature, humidity
and the soil pH. The latter is dependent on the soil chemical characteristics, mainly the parent
material, however other processes influence the soil acidity e.g. rainfall and leaching, organic
matter decay, plant feeding or the use of nitrogen fertilizers. Forest ecologists distinguish three main
types of humus: mor, moder and mull, and the extreme types are formed in acid and alkaline soils
respectively. These differences of acidity lead to formation of the so-called overlaying humus in
mor-type, which is not observed in the mull-type. Moreover, type of the humus influences the
bioavailability of heavy metals and, as a result, the soil toxicity [7]. Types of forest humus differ
with regard to bacterial/fungal populations, the former being very rich and the latter reduced in mull
humus, which is opposite in mor-type. In general, the groups of organisms differ between humus-

234



W%
5 ' > BKY Xa6apLbiCbi

YVERS BectHuk 3KY e e s e Il Il 7 W3 4(84)-—2021
types with regard to their importance e.g mites and springtails are the most important groups in
mor- and moder-types while in mull-humus the importance of annelids is much higher than that of
mites.

Soil microarthropods

Within the soil microarthropod communities the following systematic groups are
represented: woodlice (soil crustaceans), myriapods (millipedes and centipedes), hexapods
(Ectognatha: Collembola, Protura and Diplura, as well as Entognatha: Insecta) and arachnids (i.a.
spiders, pseudoscorpions, harvestmen and mites).

Soil crustaceans are represented by species from the order Isopoda. Fauna of isopods differ
between mor- and mull-humus types because species differ with regard to preferences to calcium
content. They are not able to dig soil corridors and mainly feed on dead organic matter; however,
some of them can damage tissues of living plants. They impact the organic matter decomposition by
grinding the moist litter, especially in deciduous forests [3].

Soil myriapods are represented by two classes: Chilopoda (centipedes) and Diplopoda
(millipedes), mainly found in moist soils of deciduous forests, rich in calcium compounds.
Diplopods are rather slow-moving and predominantly detritivorous, while chilopods are fast-
moving venomous predators [3].

Collembola (springtails), Protura (coneheads) and Diplura (two-pronged bristletails) form a
monophyletic class Entognatha (possess internal mouthparts) that is considered as a sister group to
the remaining hexapods, which belong to class Ectognatha (possess external mouthparts); however,
evolutionary relationships within Hexapoda s. lato are still discussed [8, 9]. Springtails are
omnivorous and feed on fungi, plant debris and dead animal tissues; however, some can feed on
pupae of insects, nematodes and other collembolans [3, 10]. Proturans remain one of the less known
hexapods, especially from a biogeographical, ecological and systematic viewpoint — this group of
the soil dwellers feed on fungal hyphae [11]. Also, the other order of basal Hexpoda, Diplura, is
relatively poorly represented in the scientific literature. Two-pronged bristletails can play a role of
primary consumers by feeding on plant roots; however, can also be secondary and tertiary
consumers and even top predators [12].

The soil ecosystem is also habitat for many taxa of insects. Some of them are true
(permanent) soil residents (geobionts) and spend their whole life (all developmental stages) within
the soil profile. Other insects are geophiles, which means that they live in the soil only as immature
stages e.g. white or yellow grubs (C-shaped immature forms of scarab beetles —Coleoptera: fam.
Scarabeidae), wireworms (elongated, cylindrical soil-dwelling larvae of click beetles —fam.
Elateridae) andelongated and flattened campodeiform (staphyliniform) larvae of roove beetles (fam.
Staphylinidae). The feeding habits of roove beetles' larvae are poorly known, some of them are
predators, others were found to be parasitic and others are probably scavengers [13]. Scarabeidae
are represented by two feeding groups, one in which larvae feed on carion and dung, and other that
feed on plant roots and decaying wood. Larval forms of Elateridae are significant root feeders and
can be pests of crops.

Another, apart from beetles, group of insects that live in the soil are ants and soil-dwelling
wasps (order Hymenoptera). Soil ants belong to different trophic levels (e.g leaf-cutters as primary
and predators as secondary consumers); however, all are considered as "ecosystem engineers"
because influence directly and indirectly on the energy flow, soil structure and habitats of other
organisms [ 14, 3]. Many species of solitary wasps and some of social wasps (superfam. Vespoidea)
prepare their nests within the soil. Also,many species of true flies (order Diptera) are geophilic —
adults live in the above-ground habitats while their offspring pupate in the soil. Larvae of flies are
very diverse in terms of feeding — their food differ from those of adults. Larval forms of Diptera are
primary and secondary consumers, including ecto- and endoparasites [15].
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The following groups of arachnids inhabit the soil ecosystem: spiders (Araneae),
pseudoscorpions (Pseudoscorpionida), harvestmen (Opilionida)and mites (Parasitiformes and
Acariformes).

Spiders, as most of others arachnids, are predators — about 85% of the spider fauna
overwinter in soil, mainly in leaf litter [16]. Pseudoscorpions alsoparalyze their prey with venom
produced in glands that are present in one or both of cheliceral fingers in most of families [17]. Diet
of Opiliones is much broader than that of other arachnids—they are predators, scavengers and
detritivores. Unlike other arachnids the harvestmen can ingest solid food particles. Species that
occur deeper in soil possess shorter legs when compared with the above-ground taxa [18].

Soil — empire of mites

Mites are the most diverse arachnids with regard to biology, ecology and morphology. This
group is also the richest when the number of species is considered. According to Dunlop and
Penney [19] there are 43,567 known species of spiders (49,773 according to World Spider Catalog
[20], while there are 54,483 of mite species according to Beaulieu et al. [21], Schatz et al. [22],
Walter et al. [23] and Zhang et al. [24]. Moreover, estimates of the actual number of mite species
vary from 500,000 to 1,000,000 [25].

Mites have evolved far beyond saprophagy and predation — they can feed also on plants,
bacteria and fungi, and many of them are symbionts of vertebrates and invertebrates [26]. They
colonized terrestrial, marine and aquatic habitats and are found in a wide range of environmental
and ecological conditions; however, the soil can be called the empire of mites [25]. The forest
humus type influences the communities of soil mites same as for the other above-mentioned soil
groups of fauna. The density of mite communities per square meters often is measured in thousands,
and densities exceeding hundred of thousands are not surprising. The impact of soil mites on the
decomposition processes is a result of their feeding i.e. crumbling the detritus and preying on
decomposers (saprophagous mites or other detritivores including microorganisms). The other
impact of mites on the dead organic matter decomposition is the effect of their high density which
allow them to effectively spread (vectoring) propagules of the soil microbiota i.e. bacteria and
fungi. This kind of dispersing of microorganisms by mites is possible through carrying them on the
body surface but also transporting them during digestion and depositing in other place as fecal
pellets. Mites can also act as herbivores. Many mites that live on the surface of root systems feed on
dead root tissues, however, some of them can feed on living roots of plants.Many Oribatida feed on
lichens and algae so acting as herbivores and therefore impact on the primary production. The
primary production can be also influenced indirectly e.g by feeding on saprotrophic fungi that
compete with ectomycorrhizal fungi, and therefore providing better conditions for ectomycorrhiza
and, consequently for plants [27, 28].

Together with springtails, the oribatid mites (moss mites) mediate fertilization between
spatially separated male and female mosses [29]. Moreover, it has been found, that both groups of
microarthropods preferred fertile moss shoots over sterile ones, and the possible cause is that fertile
shoots secrete some substances (e.g. carbohydrates) that, as a food, attract mites and springtails.
Consequently, the mutualistic relationship between microarthropods and bryophytes has been
proposed, as equivalent to the above-ground plant-insect symbiosis, and as possible step of
evolution animal-mediated fertlization.In the soil, three ecological groups can be distinguished:
saprophagous mites dominated by taxa from the suborder Oribatida (superorder Acariformes, order
Sarcoptifores);mycophagous and bacterivorous mites from the suborder Prostigmata (e.g. families
Eupodina and Tarsonemina within superorder Acariformes, order Trombidiformes) and order
Mesostigmata (some species from the cohort Uropodina within suborder Monogynaspida and
superorder Parasitiformes) and predatory mites from Prostigmata and Mesostigmata. While
saprophagous mites influence the decomposition processes directly, other groups regulate it
indirectly. Predatory soil mites feed on other groups of soil fauna, including other mites [30].
Species from family Veigaiidae are assumed to be effective predators of collembola; Rhodacaridae,
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Zerconidae and Ascidae are mainly nematophagous while polyphagous Parasitidae feed on various
soil faunal groups including mites [27, 31]. Preying on saprophagous oribatid mites, considering
usual domination of this order within soil mite communities (Oribatida often account for 90% of
community or more) has serious indirect effect on decomposition, strengthened by feeding of
polyphagous predators on other saprophages e.g. springtails. Most of oribatid mites are heavily
armored as adults - they are hunted mainly by large predators; however, smaller and weaker
predators can also influence communities of Oribatida by preying on their eggs and less sclerotized
juvenile stages [32-35].

Soil microarthropods and human economy and health

First of all, the role of soil microarthropods is expressed through their feeding. Their
contribution to dead organic matter decomposition and, therefore, nutrient cycling, is essential from
the point of view of the functioning of primary production - in an economic context — the plant
cultivation. On the other hand, predatory microarthropods provide the natural biological control of
pests (including some of the microarthropods and other animal groups e.g. nematodes). Some of the
soil inhabiting mites are important pests of plant bulbs e.g. astigmatid mites (cohort Astigmatina
within Oribatida). Astigmatid Tyrophagusputrescentie is serious pest of edible mushrooms e.g.
Agaricusbisporus (button mushroom) or Pleurotusostraeus (oyster mushroom), feeding on both
mycelium and fruiting bodies [27, 36].

The soil ecosystem is crucial also for predators that hunt their pest prey in the above-ground
habitats — soil is e.g the overwintering habitat for some predaceous phytoseiid mites (fam.
Phytoseiidaewithin Mesostigmata) that are important biological control agents of plant-feeding
mites i.e spider mites (fam. Tetranychidae) and gall mites (fam. Eriophyidae) [37]. Pests from
families Tetranychidae and Eriophyidae, except that they feed on plants, transmit bacterial and viral
diseases of plants [38, 39].

Many of ticks (order Ixodida; obligatory hematophagous parasitic mites from the superorder
Parasitiformes) in factspend only short time of their life associated with their vertebrate hosts
(including humans) — the remaining time live e.g. in soil [40, 41]. About 130 species of
Oribatidai.a.Liebstadiasimilis, Platynothruspeltifer and Adoristesovatus, transmit cestodes (fam.
Anoplocephalidae) e.g. Moniezjaexpansa, Anoplocephalaperfoliata and Cittotaeniactenoides, thus
being an important link in the development cycle of parasites of sheep (Ovisaries), horse (Equus
caballus) and cattle (Bos taurus) [42, 27, 26].

Soil mites can be also used practically for the assessment of environment quality. Several
types of habitats were studied and some of soil mite species proved to be indicators of both
anthropogenic and natural environmental factors [43-50]; however, their use in ecotoxicological
testing is still developing [51]. There are also important contributions to discover the significance of
some soil environments which can be considered as refugia of predatory species within agricultural
landscape, providing better, natural control of pests of crops [52, 53, 47].

The economic values, both benefits and losses, of insectifluence are generally well known,
publicly appreciated and estimated, and their potential change, parallel to climate change, is
analyzed [54-56]. The below-ground processes are equally important and interlinked with the
above-ground habitats, and their economic value is also evaluated; however, with less emphasis
when compared with studies on insect pollinators and pests [57-58].
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Kaumapek C., MapkBapar T.
TONBIPAK MUKPOAPTPOIIOJTAPBI-BHOAJTY AHTYPJILIIK, SKOXKYHEJIIK
KBIBMETTEP )KOHE DOKOHOMUKA MEH AJIAM JEHCAYJIbIF bIHA OCEPI

Angarna. Tomelpak Kyleci kep YCTI 3KOXyHenepiHiH Oejiri periHae xep OeTiHIeri
OMOJIOTHSUTBIK ~ TIPOLIECTEP/IH  Y3MIKCI3AINIH KamMTaMachl3 €TETIH MaHbBI3Abl  KOJIOTHSIIBIK
MIPOLIECTEP/IIH OpPHBI OOJbIN TaObLIaAbl. Tomblpak MHUKpPOApTPONOATAPHl MILIIHI MEH KbI3METI
JKarblHAaH ©Te ajJyaH TYpJl, TOIBIPAKTbIH TYpiHE OalJaHBICTBI >KOHE TONBIPAK IPOLIECTEPIHE
HETI31HEH TaMaKTaHy apKbUIbI 9cep eTesl, ochlaaiima el OpraHuKalbIK 3aTTapblH BIIbIpAybIHA
TiKeJell Hemece jkaHama ocep erefl. Tomblpak MHKPOapTPONOATAPBIHBIH Oenruil Oip TomTapbl
MaHbI3/Ibl AKOKYHENIK KbI3METTEp/Al YChbIHAbl, OIpaK oJlap OH JKOHE TepiC SKOJIOTHUSUIBIK JKOHE
HSKOHOMHKAIIBIK 9cep €Tyl MYMKiH. Byl Makamajga TONBIPAKTBIH HAKTHI MUKPOAPTPOIIOATAPbIHBIH
TONBIPAK TaMaKTaHy JKEJIICIHAET1 OPHbI KOHE TOIBIPAK SKOXYHeciHe, PKOHOMHKAa MEH aJaM
JeHCayIbIFpIHA OacKka 1a OelipuKkablK eMec ocepi TYPFBICBIHAH POl KapacThIPbUIAAbl, COHBIMEH
KaTap TOMbIpaK (payHAChIH MPAKTUKAIBIK KOJIJIAHY MYMKIHIIKTEp1 aTan eTuUIeIl.

Kiar ce3nep: Mmukpoaprpomnoarap, TONbIpaK opTachl, 34a(OH, TONBIPAKThIH KOPEKTIK TOPHI,
OpraHUKaJBIK 3aTTapAbIH BIIBIPAYHI.
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Kaumapek C., MapkBapar T.
INOYBEHHBIE MUKPOAPTPOIIOAbI - BUOPA3ZHOOBPA3MUE,
IKOCUCTEMHBIE YCJIYTU U BNUAHUE HA DKOHOMUKY U 3]1I0POBBE
YEJIOBEKA

AHHoTanus. [louBeHHas cucTeMa, Kak 4acTb HAa3€MHBIX JKOCHCTEM, SIBJISIETCS MECTOM
BAYKHEHIIMX SKOJIOTMYECKUX MPOIIECCOB, KOTOPble 00ECIEUNBAIOT HEMPEPHIBHOCTH OUOIOTHYECKUX
npoueccoB Ha 3emiie. [louBeHHBIE MUKPOAPTPOIIOIbI OUYEHBb Pa3HOOOpa3HbI O PopMe U PYHKIMSIM,
3aBUCST OT THIIA TOYBBI U BIUSIOT Ha MOYBEHHbBIE MPOLECCHI INIABHBIM 00pa30M yepe3 MUTaHue, TEM
caMbIM TMPSMO WJIM KOCBEHHO BIMSS Ha PAa3JIOKEHHE MEPTBOTO OPraHUYECKOTO0 BELIECTBA.
OmnpeneneHHble TPYHIbl MOYBEHHBIX MHUKPOAPTPOIOA O0O0ECHeYHBAIOT BaXKHbIE 3KOCHCTEMHBIE
YCIIYTH, OJIHAKO MOTYT OKa3blBaTh KaK MOJOXHUTEIbHOE, TaK U OTPULATEIbHOE 3KOJOTUYECKOE U
SKOHOMMYECKOE BO3JeHCTBUE. B 3TOil cTaThe paccMOTpEeHa poJib KOHKPETHBIX IMOYBEHHBIX
MHUKpPOApTPOIIOl B KOHTEKCTE HUX TIIOJOKEHUS B IIOYBEHHON TNMIIEBOM CETH U JPYrHX
HeTpo(UUYECKUX BIUSHUN Ha MOYBEHHYIO YKOCHCTEMY, SKOHOMHUKY U 3[I0pPOBbE UEJIOBEKa, a TAKkKe
MOAYEPKHYTHI BO3MOXKHOCTH MTPAKTUUYECKOTO MCIOIb30BaHUs IOUBEHHOM (ayHBbl.

KuroueBble cjioBa: MUKpOapTPONO/bl, IOUBEHHAs Cpeaa, 31adoH, MOYBEHHAs TpopuUecKast
CETb, Pa3JIOKEHUE OPraHUYECKOTO BEIIECTBA.
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