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Abstract

The general ecology, biology, life history, and available sources for identification of oribatid mites (including Astigmata),
the most numerically dominant arachnid group in the organic horizons of most soils, is reviewed. | use this information as the
basis to evaluate data on their role for bioindication in agroecosystems, with the following conclusions: (a) oribatid mites with
their low metabolic rates, slow development and low fecundity cannot respond rapidly to resource flushes: astigmatic mites
with their contrasting life history traits can respond rapidly; (b) because many agroecosystems represent early successional
stages, the oribatid species present are those found in heavily disturbed or early successional habitats, wherever these occur;
(c) use of oribatid mites for bioindication must incorporate information on life history traits, and habitat and niche profiles
for species. ©1999 Elsevier Science B.V. All rights reserved.
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1. Introduction ics and the southern hemisphere is unknown. Undis-
turbed soils in agroecosystems can easily yield exam-
Oribatid mites, the acarine suborder Oribatida or ples of 20-50 species.
Cryptostigmata, often called ‘moss mites’ or ‘beetle ~ The free-living Astigmata will be treated also in
mites’ are associated with organic matter in most ter- this chapter. Traditionally the Astigmata has been rec-
restrial ecosystems. They are found throughout the ognized as a distinct acarine suborder. However, the
soil profile, in surface litter, on grasses, herbs and morphological evidence for astigmatic mites being
low-growing shrubs, the bark, twigs and leaves of evolved from within a lineage of Oribatida is incon-
trees, and in aquatic, semi-aquatic and coastal habi-testable (Norton, 1998). Astigmatic life-history traits
tats. Oribatida are one of the most numerically domi- differ from those of Oribatida (Norton, 1994), and thus
nant arthropod groups in the organic horizons of most they will be discussed independently throughout this
soils, where their densities can reach several hundredchapter. The Astigmata include about 5000 species,
thousand individuals per square meter (Norton, 1990). representing 800 genera in 70 families. About half
There are about 7000 described species, representingf these are obligate parasites of birds or mammals.
about 1000 genera in more than 150 families (Balogh The remaining taxa include insect and vertebrate as-
and Balogh, 1992), but, the fauna of much of the trop- sociates, and free-living species, and it is the latter,
especially those inhabitants of grasslands in the fam-
ilies Acaridae and Histiostomatidae, that will be con-
*Tel.: +1-613-7591799; fax: +1-613-7591927. sidered here.
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2. General ecology Astigmatic mites also facilitate the humification
process, fragmenting organic material and providing
Oribatida are actively involved in decomposition a greater surface area for subsequent attack by other
of organic matter, in nutrient cycling and in soil for- organisms (Philips, 1990). Astigmata free living in
mation. All active instars of these mites feed on a soil feed on plant material, fungi and algae, preferably
wide variety of material, including living and dead of high protein content, and also consume the liqui-
plants and fungi, moss, lichens and carrion; many fied products of decaying organic material (Philips,
species are intermediate hosts of tapeworms, somel990). Species ofSchwiebiaand Tyrophagusare
species are predaceous, none is parasitic (Krantz,omnivorous, attacking detrital, microbial and animal
1978). Oribatid mites are particulate feeders; che- prey. Tyrophagus putrescentige an effective preda-
licera and other structures of the mouthparts are tor of the southern corn root worm under no-tillage
used together to cut or tear particles into sizes suit- conditions, and may be a significant over-wintering
able for intake (Norton, 1990). Species studied in mortality factor for this pest (Stinner and House,
in vitro experiments show fungal preferences, with 1990). A species oHistiostomafeeds on earthworm
dermatiaceous microfungi preferred (Klironomos and eggs (Krantz, 1978), whereas a congener filter feeds
Kendrick, 1996). Oribatida influence decomposition on fine organic material and its associated microbes
and soil structure by comminuting organic matter; (Walter and Kaplan, 1990). Few soil astigmatic mites
their fecal pellets provide a large surface area for are phytophagous, but species ©frophagusand
decomposition, and are in turn an integral component Rhizoglyphuscan be significant plant pests, feeding
of soil structure in organic horizons. They are the on bulbs and roots (Hughes, 1976).
most important group of arachnids from the stand-  Recently, oribatid mites, including the astigmatic
point of direct and indirect effects on the formation Tyrophagus similisVolgin, have been divided into
and maintenance of soil structure (Norton, 1986a; feeding guilds on the basis of their carbohydrase
Moore et al., 1988). Oribatid mites disperse bacteria activity (Siepel and de Ruiter-Dijkman, 1993). Her-
and fungi, both externally on their body surface, or by bivorous grazers show cellulase activity only and
feeding on spores that survive passage through theircan feed on the cell wall and cell content of green
alimentary tracts. They can enhance endomycorrhizal plants (both living and dead) and algae. Fungivo-
colonization (Klironomos and Kendrick, 1995). Many rous grazers show chitinase and trehalase activity,
species sequester calcium and other minerals in theirand can digest both cell walls and cell contents of
thickened cuticle (Norton and Behan-Pelletier, 1991). living and dead fungi. Fungivorous browsers show
Thus, their bodies may form important 'sinks’ for trehalose activity only and can digest cell contents
nutrients, especially in nutrient limited environments of living fungi. Herbo-fungivorous grazers are able
(Crossley, 1977). to digest both green plants and fungi. Opportunistic
The feeding habits of oribatid mites are tradition- herbo-fungivores can digest cellulose in litter and
ally categorized based on analysis of their gut contents cell walls of living green plants, and trehalose in
(Schuster, 1956; Luxton, 1972). Macrophytophages fungi. Omnivores show cellulase and chitinase activ-
(including xylophages feeding on woody tissue, and ity and can feed on components of plants, fungi and
phyllophages feeding on non-vascular tissue) feed on arthropods. Species which lack carbohydrase activity
higher plant material. Microphytophages (including entirely probably are predators, or carrion feeders
mycophages feeding on fungi, phycophages feeding and/or bacteria feeders. Studies on gut content analy-
on algae, and bacteriophages feeding on bacteria) feedsis and those on enzyme activity (e.g., Luxton, 1979;
on the soil microflora. Panphytophages feed on both Siepel and de Ruiter-Dijkman, 1993; UrbasSek and
microbial and higher plant material, either concur- Staf, 1994) highlight the range of feeding habits
rently, or at different stages in the life cycle. Walter in any oribatid lineage; for example, the Desmono-
(1987) noted that many Oribatida that have been con- mata includes herbivorous grazers, herbo-fungivorous
sidered mycophagous, also graze on algae and act agjrazers and opportunistic herbo-fungivores.
predators of nematodes; he defines these species as Culturing oribatid and astigmatic mites can present
polyphagous. a more complete picture of their food requirements
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and preferencesTyrophagus similisa fungivorous flect evolutionary constraints probably related to the
browser (Siepel and de Ruiter-Dijkman, 1993), de- digestive physiology of these mites (Norton, 1994).
veloped at similar rates on fungal only or nematode  Free-living Astigmata have five or six postem-
only diets (Walter, 1987)Pilogalumna tenuiclaves bryonic instars: an inactive prelarva, an active larva,
a herbo-fungivorous grazer based on carbohydrase acprotonymph, tritonymph and adult, and a heteromor-
tivity, but egg clutches of a congend?. (cozadens)s phic deutonymph (hypopus). This latter, facultative
were doubled in size when nematodes were added toin some species, is a nonfeeding instar morphologi-
a diet of fungi and algae (Walter, 1987). cally and physiologically adapted for phoresy. Other
Many digestive enzymes, including cellulase and than the hypopus, all active stages feed. Free-living
chitinase, are produced by the diverse and very ac- Astigmata in agroecosystems are colonizing mites
tive gut microflora of oribatid species, which is a sub- (‘r-selected’), having higher fecundity, faster develop-
set of the microflora of the surrounding environment ment and much higher reproductive rates than oribatid
rather than a specialized obligate flora (Stefaniak and mites (Norton, 1994). Many species can complete
Seniczak, 1976; Stefaniak, 1981; Norton, 1994). Per- their life cycle in 8 days to 3 weeks depending on rela-
haps, as Norton (1986a) suggests, microorganisms ca-tive humidity and temperature (Hughes, 1976). Under
pable of continued enzymic production in the gut are laboratory conditions, females can lay up to 800 eggs
those resistant to digestion. The ability of oribatid in a month and adults have an average longevity of
mites to adjust to forced changes in diet, and the evi- 23—-46 days (Philips, 1990, and included references).
dence that gut contents of a given species can vary Mortality factors for Oribatida and Astigmata are
with site and season (Anderson, 1975; Behan-Pelletier poorly known. Mortality is thought to be concen-
and Hill, 1983) or at different stages in the life cycle trated in the immatures, resulting from predation on
(Siepel, 1990a) may reflect changes in this active gut these soft-bodied instars and the pre-ecdysial rest-
microflora (Norton, 1986a). ing stages in which mites spend almost a third of
their post-hatching development time (Luxton, 1981).
Adult Oribatida, however, are subject to predation
3. Biology and life history by a range of animals including ptilid and scyd-
maenid beetles (Riha, 1951; Schmid, 1988), newts
Oribatid and astigmatic mites range in size from (Norton and MacNamara, 1976), and odonate larvae
about 150 to 1500 mm, but most are in the size range (Behan-Pelletier and Bissett, 1993), and they seem to
of 300—700 mm. Oribatid mites have six postembry- be more vulnerable than immatures to internal para-
onic instars: an inactive prelarva, and an active larva, sites (Purrini, 1980; Purrini and Bukva, 1984). Winter
protonymph, deutonymph, tritonymph and adult. Al mortality may not be an important factor as adult and
active stages feed, and, as noted above, feeding habitsmmature mites in both temperate and cold habitats
may differ between immatures and adults of the same exhibit extensive supercooling ability (Cannon and
species (Siepel, 1990a). Adults of many oribatid Block, 1988).
species live a relatively long time, and are iteroparous,
spreading oviposition over their adult life rather than
ovipositing once (Norton, 1994). Estimates of de- 4. Sampling and preparation
velopment time from egg to adult vary from several
months to two years in temperate soil (Luxton, 1981), A Tullgren apparatus, based on the Berlese funnel
and immatures and adults can overwinter in mixed (thus often called Berlese—Tullgren funnel), and its
populations (Cannon and Block, 1988). In cold cli- various maodifications, is the most commonly used
mates certain oribatid species have life cycles up to method for separating small arthropods, such as ori-
seven years (Cannon and Block, 1988). Oribatid mites batid and astigmatic mites, from soil and litter. Mod-
generally have low metabolic rates, slow develop- ifications of the Berlese—Tullgren funnel in which
ment, and low fecundity and exemplifk-selected’ the extraction efficiency is improved by enhancing
organisms (Crossley, 1977). There is no evidence humidity and temperature gradients include the Mac-
for considering these traits adaptive, rather they re- fadyen high-gradient funnel (Macfadyen, 1962), the
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Kempson apparatus (Kempson et al., 1963), and the 20 years (Balogh and Balogh, 1992). Even in Eu-
Merchant—Crossley extractor (Merchant and Cross- rope new species are described yearly, and in North
ley, 1970; Norton, 1986b). For qualitative sampling America about 75% of the fauna is undescribed
of large volumes of litter Norton and Kethley (1988) (Behan-Pelletier and Bissett, 1992). The key to genera
describe a light-weight, collapsible and easily trans- of oribatid mites of the world (Balogh and Balogh,
portable Berlese—Tullgren funnel. Edwards (1991) 1992) covers all but most recently described genera.
reviewed most modifications of behavioural extrac- It provides superfamily and generic level identifica-
tors and provided details of preferred methods for tions to adults, but the key is demanding, sometimes
sampling different soil types. even for experts. A more simplified family-level key
Behavioral extractors extract only active stages; for adult oribatid mites from soil and litter from
eggs, prelarva, and quiescent pre-molt stages remainNorth America, north of Mexico, is that of Norton
in the sample. In arid soils, deep soils, and for arbo- (1990). Monographic works to the superfamily level
real habitats such as twigs, behavioural extractors arewhich are valuable for species identification, are
inefficient. Washing of the sample (soil, twigs etc.) listed in Table 1. Though there are no monographs to
with subsequent heptane flotation is recommended the North American fauna, the catalogue of oribatid
for these habitats, it provides complete life-history mites of Canada and continental USA (Marshall et
data for many mites and is the only effective way to al., 1987), which includes about 1000 species is a
assess diversity in deep soils and canopy where miteremarkably useful comprehensive guide to the litera-
numbers are low (Walter et al., 1987). ture on each species. No similar catalogue exists for
Oribatid and asigmatid mites sorted from mixed the fauna of other zoogeographic regions, but there
extractants using a stereomicroscope, are generallyare recent checklists of oribatid species for many
preserved in 75% ethanol. Identification to genus and regions.
species requires observation at 200-100@ith a The most useful key to species of free-living Astig-
compound microscope, preferably with phase con- mata is Hughes (1976). Though this key is to the
trast or interference contrast systems. Specimens tomites of stored food and houses, many of these species
be studied are placed temporarily or permanently on are found in grasslands or cultivated soils. Philips
microscope slides. Oribatid mites, especially those (1990) provides a useful key to the families and genera
heavily sclerotized, are often observed using a tem- of free-living terrestrial Astigmata of North America,
porary cavity-slide mount. The depth of field in com- whereas the Palearctic Astigmata are covered in Ghil-
pound microscopy is minimal, and most adult oribatid yarov and Krivolutsky (1975).
specimens must be cleared, and flattened or dissected The effective use of a group of organisms as bioindi-
for optimal resolution (Krantz, 1978). cators requires user-friendly keys. In the future many
of these will be image-based, interactive computer
identification aids, similar t@omTEsAa developed for
5. ldentification the soil fauna of the Pacific Northwest (Moldenke
et al., 1991), or the CD-ROM usingeLTA software
The use of oribatid mites as indicators of soil condi- to identify oribatid species of Australia (Hunt et al.,
tions and disturbances is not yet widespread, perhaps1998).
because the most effective indicators are species, and
the taxonomy of the group is incomplete. For most
species only the adult stage is described; no mono- 6. Role as bioindicators
graph on oribatid mites treats the immatures of all
species. This is unfortunate because the heteromor- Oribatid and astigmatic species and species assem-
phic immatures of brachypyline oribatid mites bear lit- blages offer several advantages for assessing the qual-
tle ressemblance to conspecific adults, unlike the pau- ity of terrestrial ecosystems: their diversity is high,
rometabolous ‘lower’ oribatids. they occur in high numbers, they are easily sampled,
The number of described genera worldwide has they can be sampled in all seasons, adult identifica-
increased from 700 to more than 1000 in the last tion, at least in central Europe is relatively easy, most
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Taxonomic level

Geographic scope References

Oribatida:
Oribatida:
Oribatida:
Oribatida:
Oribatida:
Oribatida:
Oribatida:
Oribatida:

keys to superfamily and genus

key to family

keys to family, genus and species
keys to family, genus and species
keys to genus and species

keys to family and genus

keys to family and common species
keys to family, genus and species
Oribatida: keys to family, genus and species
Oribatida: keys to family, genus and species
Macropylina (lower oribatids): keys to family, genus and species

Poronotic Oribatida: keys to superfamily, family, genus and species

Phthiracaroidea: keys to family, genus and species
Ceratozetoidea: keys to family, genus and species
Astigmata: key to family, genus and species
Astigmata: key to free-living family, genus and species
Astigmata: key to free-living genera

Worldwide
North America

former USSR

Neotropics

Balogh and Balogh, 1992
Norton, 1990

Ghilyarov and Krivolutsky, 1975

Balogh and Balogh, 1988, 1990

Central Europe Sellnick, 1960
former Czechoslovakia Kunst, 1971

Poland Niedbta, 1980
Japan Suzuki, 1978
Australia Hunt et al., 1998
New Zealand Luxton, 1985

Palaearctic Balogh and Mahunka, 1983

Iberian Peninsula erez-IRigo, 1993

worldwide Niedbata, 1992

Ukraine Pavlitshenko, 1994
Europe Hughes, 1976

former USSR
North America

Ghilyarov and Krivolutsky, 1975
Philips, 1990

live in the organic horizons, the site of soil fertility,
and they represent a trophically heterogenous group.
They include taxa characterized by low fecundity, long
immature and adult lifespans and a low capacity for
population increase (Oribatida), as well as those with
high fecundity and short immature and adult lifespans
(Astigmata) (Lebrun and Van Straalen, 1995). Many
free-living astigmatic mites have an effective disper-
sal phase—the non-feeding deutonymph. Few orib-
atid mites have modifications for dispersal, and those

1991; Lebrun and Van Straalen, 1995; Van Straalen
and Verhoef, 1997). Building on these studies and his
own research, Siepel (1994, 1995a, 1996a) proposed
a method of comparing the effects of management
practices across landscapes and between geographic
regions based on knowledge of the life-history of the
species in any assemblage, and comparing life-history
‘tactics’ of species in assemblages between sites. Sie-
pel (1996b) has shown how effective this approach
can be in predicting species loss, and the method will

that do disperse as adults (Norton, 1994, and included be more precise, useful and widely adopted as knowl-
references). As a result oribatid mites cannot easily edge of taxonomy and ecology of species improves,
escape from stress conditions. and datasets are assembled on habitat and niche pro-
Linden et al. (1994) list the different properties of files of species.
soil animals which can be potentially used as indi- Use of biological process level characteristics of
cators of soil quality. These include: single organism oribatid or astigmatic mites as indicators of soil quality
level characteristics (e.g., behavior, development); is stillin its infancy, though Rusek (1986, and included
community characteristics (e.g., species richness, references) has studied the structure of oribatid faeces
trophic groups, functional groups); and characteristics and its contribution to soil structure.
of the biological process (e.g., bioaccumulation, soil ~ Use of community level characteristics is more ad-
modification). vanced (Van Straalen, 1998). However, central to the
Use of single organism characteristics of oribatid use of community level characteristics as bioindica-
or astigmatic mites as indicators of soil quality is still tors is knowledge of the taxonomy and ecology of
at a preliminary stage. In the last 15 years there have species in the community. From this dataset, appropri-
been numerous studies on the ecological and repro-ate indicators can be selected once the stress has been
ductive response of oribatid species to environmental defined (Day, 1990; Linden et al., 1994). In addition,
changes (e.g., Hagvar and Abrahamsen, 1980; Hag-some baseline (benchmark) or reference point must be
var and Kjondal, 1981a, 1981b; Wauthy and Vannier, established against which to compare changes in the
1988; Siepel, 1990b; Denneman and Van Straalen, indicator (Linden et al., 1994).
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Examples of suitable baseline data for assessing Sweden, Oribatida were represented by ddppiella
the bioindicator potential of oribatid species are few. nova Oppia spp., andTectocepheuspp. (Lagerlof
Weigmann and Kratz (1981) present ecological data and Andrén, 1988), whereas there were 10 species of
on the oribatid species known from Germany, based Mesostigmata and 8 species of Prostigmata. Similarly,
on the occurence of species in 20 plant associations,only Tectocepheus velatusnd Oppiella novawere
the moisture of the habitat, and whether the habitat is recovered from cultivated soil in Alberta in summer-
edaphic or epiphytic. From these data, Weigmann and fallow for 7-8 years, though seven species each of
Kratz established that numerous species occur pre-Mesostigmata and Prostigmata were collected from
dominantly in characteristic habitats or plant associa- the same soil (Berg and Pawluk, 1984). This reflects
tions, and appear suitable as bioindicators. The habitatthe generally low metabolic rates, slow development,
profile of these species has been further enhanced inand low fecundity of oribatid mites which cannot
subsequent publications (e.g., Weigmann, 1991). rapidly respond to access resource flushes caused by
As a first step in the development of bioindicators pulses of primary productivity. Oribatid mites have
for stresses on glassland used as pasture for cattlelittle capacity to respond numerically to short-term
and sheep in Ireland, Curry (1976) studied the species environmental alterations. Their populations decline
composition and ecology of the microarthropod fauna rapidly when their habitat is damaged, a characteristic
associated with grass and weed species. This pro-which allows detection of environmental degradation
vided the baseline for studies on impact of agronomic (Lebrun and Van Straalen, 1995; Siepel, 1996b).
practices on these grasslands (e.g., Bolger and Curry, In contrast, Astigmata are comparatively well rep-
1980, 1984; Curry, 1986; Curry and Ganley, 1977; resented in arable soils with three species in both the
Emmanuel et al., 1985). above mentioned cultivated sites (Lagerléf and An-
drén, 1988; Berg and Pawluk, 1984). Astigmata are
specialists in exploiting spatially and/or temporally re-
6.1. General trends in community structure of stricted microhabitats (Norton et al., 1993), and can be
Oribatida and Astigmata in agroecosystems both diverse and numerous in agroecosystems. Their
populations often are significantly increased as a re-
Agroecosystems are artifically maintained at an sult of human activities, e.g., cultivation (Kines and
early or intermediate stage of succession (Odum, Sinha, 1973; Philips, 1990), and manure application
1984). In addition to being extremely perturbed by (Weil and Kroontje, 1979). They were the dominant
physical and chemical means, conventionally man- mite group in urban roadside soil in Japan (Aoki and
aged agroecosystems contain unnatural plant com-Kuriki, 1980). These increases in population probably
munities (Crossley et al., 1992). Edwards and Lofty, are related to decline of predator populations, the short
(1969, Fig. 7) summarized the general changes in generation time of astigmatic mites, and the presence
microarthropod populations due to agriculture prac- of an effective dispersal stage—the hypopus. The gen-
tices. Cultivation, rotations, monoculture, and applica- eral resilience of soil Astigmata to perturbation has
tion of pesticides soon eliminates species susceptible been observed after carbofuran application (Broadbent
to damage, desiccation and destruction of their mi- and Tomlin, 1982), after disruption of soil for pipeline
crohabitats, especially those with a life cycle longer construction (Tomlin, 1977), and as pioneer species in
than one year, such as Oribatida. Practices such asreclamation sites (Hudson, 1980).
drainage, irrigation and fertilizer use may encourage  Oribatid genera found in cultivated soil are those
multiplication of the remaining arthropod groups, also found in heavily disturbed or early successional
such as Prostigmata. These observations have beerhabitats, wherever these occur, or whether the distur-
confirmed by many subsequent studies. For exam- bance is natural, e.g., frost-boils in the high arctic,
ple, Oribatida, although sometimes the most diverse or anthropogenic, e.g., cultivated sites, demolition
suborder of mites in soils under agriculture, are less sites, mine tailings. Species in the families Brachy-
species rich than in nearby forests (Mahunka and chthoniidae, Tectocepheidae and Oppiidae generally
Paoletti, 1984; Tomlin and Miller, 1987). In a field are common to all these disturbed habitats. For ex-
cultivated with arable crops for about 100 years in ample, primary colonizers in agricultural soils are
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species oBrachychthoniusTectocephey®Oppiaand site, in comparison with a low-input grassland site and
SuctobelbgKarg, 1978). Similarly in roto-tilled and  a forested site.

oily-waste treated soils in northeastern North America  To date, however, most studies on population struc-
the Brachychthoniidae, and the gend@extocepheys  ture and change in agroecosystems have focussed on

Oppiella, Scheloribatesand Punctoribateswvere well the impact of specific management practices on soil
represented (Norton and Sillman, 1985). In urban fauna, including Oribatida and Astigmata (see Table 2
ruderal biotopes a species of eachOgipiella, Sucto- for examples). These include studies on the impact of

belbellg and Oribatula were the first oribatid mites  low-input, minimum till, fertilizer application, graz-
recorded from an isolated plot approximately 1km ing, and ecological agricultural practices on the soil
from other vegetated areas (Weigmann, 1982). In fauna, including Oribatida (e.g., Moore et al., 1984;
urban roadside soil in Jap@ppia, Quadroppia, Tec-  Mueller et al., 1990; House and Parmelee, 1985; Stin-
tocepheus, Oribatulaand Eremuluswere recorded  ner et al., 1988). Marshall (1977) reviewed the litera-
(Aoki and Kuriki, 1980). Species dDppiella, Tecto- ture on effects of manures and fertilizers on soil fauna,
cepheus, TrhypochthoniuScutovertexScheloribates including Oribatida, up to mid-1973. Many studies in
Trichoribates and Punctoribateswere common on  North America have identified no further than sub-
metallurgic dumps in Poland (Skubata, 1995). Many order or family level, which precludes use of the re-
species in these genera are pioneers and are eithesults in establishing bioindicators for particular envi-
drought-tolerant ubiquitous species or drought-loving ronmental stresses. European studies have analyzed
species. Species in the families Brachychthoniidae, the impact of specific management practices on the
Trhypochthoniidae, Tectocepheidae and Oppiidae species assemblage (e.g., Persson and Lohm, 1977;
are mostly thelytokous, a reflection of the ‘gen- Lagerloéf and Andrén, 1988), but whether changes in
eral purpose genotypes’ of these species (Norton, population structure following stress are predictive, as
1994). Hagvar (1994) proposes, requires further study.
Oribatid species assemblages are considered to re- A confounding factor to the perdictability of
spond to agricultural practices such as crop selection, changes in oribatid populations following cultivation
tillage practice, pesticide treatments, and fertilizers in practices is the poorly researched impact of wind-
a predictable manner, and as such can be used to detedbreaks, hedges, uncultivated ditches and grassy mar-
whether soil quality is being aggraded or degraded. gins on this fauna. These uncultivated areas can have
They can be used either by themselves or in concert a different community structure than that of cultivated
with chemical and physical measures as both diag- fields and population levels can also differ signifi-
nostic and confirmatory tools of soil quality. How- cantly. Uncultivated areas can function as refugia or
ever, as the same genera and often the same speciesorridors of diversity in the agricultural landscape,
form the oribatid species assemblage in all disturbed functioning as a source of colonizing species (Paoletti,
landscapes, the question is whether there are differ- 1988; Miko, 1993; Sgardelis and Usher, 1994).
ences in population structure that can be used as indi-
cators of the type of disturbance. Hagvar (1994) pro-
poses change in dominance structure of a community 6.2. Restoration management
of soil microarthropods as an ‘early warning’ indica-
tor of stress. He documents how characteristic changes While Astigmata, Mesostigmata and Prostigmata
occur in the log-normal dominance structure of stable colonize newly reclaimed land within a few months,
communities under various types of stress: an initial oribatid mites require considerable longer time (Beck-
flattening of the curve as species sensitive to stress be-mann, 1988; Skubata, 1995). Long-term studies docu-
come less dominant, and a strongly skewed dominancementing succession in oribatid community structure in
curve as sensitive species become very rare. Steineragroecosystems following initial disturbance are rare.
(1995) noted similar changes in the dominance curve Karg (1978) estimated a period of 4-7 years for recol-
of oribatid communities subject to increasing levels onization of grassland. An 8 year study of changes in
of air pollution. Siepel (1996b) found lower genetic the oribatid assemblage following ploughing of virgin
diversity of Oppiella novaon a high-input grassland grassland in the former USSR documented a ‘transi-
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Table 2
Examples of impact of various agricultural practices on Oribatida
Taxonomic level Habitat Stress Impact Reference
Oribatida sorghum/rye (USA) conventional tillage (CT)  populations: NT 36809; CT House and
versus no-tillage (NT) 14990 Parmelee, 1985
for 17 years
Oribatida sorghum/clover (USA) conventional tillage versus populations: NT 33272; CT House and
no-tillage for 17 years 5097 Parmelee, 1985
Oribatida grass (USA) No-tillage versus no-tillage populations: negatively Moore et al,
with Atrazine affected by Atrazine; 1984
returned to control levels at
end of season
Oribatida grassland (Ireland) Pig slurry: normal rate of species abundances frequen- Bolger and
application; Z field rate; cies and diversity strongly Curry, 1984
5x field rate affected by greater than field
rate application
Oribatida arable: maize, conven- Poultry manure population: increase at 54 and Weil  and
tional tillage (USA) 85t hal; decrease at 27 and Kroontje, 1979
110t hat
Oribatida grassland 300 years ploughed and disked populations: reduced to 40%Edwards and
old (England) of that in undisturbed grass- Lofty, 1969
land
Oribatida turf, 10 years pesticide Margosan-O (neem seed- populations: reduced by 6  Stark, 1992
free USA) kernel extract with 3 git with Margosan-O; popula-
azadirachtin) versus tions: higher with
chlorpyrifos chlorpyrifos treatment.
Oribatida continuous corn under carbofuran application populations show wide Broadbent and

Brachychthonius
jugatus
Tectocepheus
Oppia minus

Scheloribates pallidulus

Oppiella nova

Rhysotritia ardua ardua

Zygoribatula  exarata
Xylobates capucinus
Oppiella spp.

velatus

conventional tillage
(Canada)

pasture (Canada)
pasture (Canada)

pasture (Canada)

pasture (Canada)

cotton fields (Egypt)

cotton fields (Egypt)

corn production ver-
sus grassland control

(USA)

malathion, carbaryl (recom-

mended application rate)

short-term fluctuations; no
long-term effects
population: greater than
control

organophosphate or chlori-populations: greater than

nated hydrocarbon

control

carbaryl, mexacarbate (recpopulation: greater than

ommended application rate)
diazinon, malathion,
methoxychlor (recom-
mended application rate)
profenofos, chlorofluazuron,
fenvalerate
profenofos, chlorofluazuron,
fenvalerate
moldboard plowing versus
moldboard + Atrazine
in corn

control
population: less than control

population: positively
effected

populations: negatively
effected

populations: grassland and
moldboard + atrazine start
and finish the same following
seasonal fluctuations

Tomlin, 1982
Smith et al.,
1980
Smith et al.,
1980
Smith et al.,
1980
Smith et al.,
1980

Al-Assiuty and
Khalil, 1995
Al-Assiuty and
Khalil, 1995
Mallow et al.,
1985

tional’ fauna dominated by species rare in both control vation. As normal rotation practices vary from 3 to 7

virgin grassland and an adjacent 30-year-old wheat years, this implies that the oribatid assemblage in cul-
monoculture (Gadzhiyev, 1991). The Horseshoe Bend tivated soils never has a chance to stabilize or return
(see Crossley et al.,, 1992 and included references)to predisturbance levels.
study which has tracked changes in conventional and Use of oribatid mites to assess the ‘inertia’ (the rel-
no-till 'old-field’ sites since 1978, recovered most of ative resistance of community structure to perturba-

the original oribatid genera 10 years following culti-

tion) and ‘elasticity’ (time to return to the undisturbed
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state) of agroecosystems must take into account thethe field as an air pollution bioassay monitor (André
low fecundity of oribatid mites and their poor dis- and Lebrun, 1984).

persal abilities which ensures slow establishment of  Population structure, species richness and repro-
populations, even if immigration is successful. Other duction of oribatid mites also are negatively effected
restraints imposed by their feeding habits and gener- by the higher dose of heavy metals in urban envi-
ally low metabolism preclude rapid reestablishment of ronments (Denneman and Van Straalen, 1991; Van
populations. Straalen et al.,, 1989; Stamou and Argyropoulou,
1995). Siepel (1995b) noted that fungivorous graz-
ers such aflatynothrus peltifer, Nothrus silvestris
feeding on both fungal cell walls and cell contents
are more exposed to, and negatively effected by,
heavy metals, such as lead, in contrast to fungivorous
browsers (e.g.Tyrophagus similisthat feed only on
fungal cell content. The potential of oribatid mites
as selective bioindicators of air and heavy metal pol-
lutants are important where agroecosystems closely
abut urban zones.

6.3. Impact of pesticides

As with other invertebrate groups, oribatid mites
are selectively effected by pesticides. They have been
found to be insensitive to some insecticides, e.g.,
chlorpyrifos (Stark, 1992), positively effected by pes-
ticides (Broadbent and Tomlin, 1979), and negatively
effected by pesticides, e.g., azadirachtin (Stark, 1992)
and low levels of copper, 2,4,6-trinitrotoluene and
p-nitrophenol (Parmelee et al., 1993). It is clear that,
as with other environmental perturbations, individ-
ual oribatid species respond selectively to pesticides ;
(Smith et al.,, 1980; Streit, 1984; Al-Assiuty and 7. Conclusions
Khalil, 1995; Table 2). However, the paucity of in-
formation on pesticide toxicity to Oribatida and other
soil fauna, especially in field situations, is striking
(Van Straalen and van Rijin, 1998).

Stork and Eggleton’s (Stork and Eggleton, 1992)
criteria for using invertebrates as indicators of soil
quality can be modified for use as a framework to
assess oribatid and astigmatic mites potential as in-
dicators in agroecosystems. Initially, assessment of
6.4. Urban environments the taxonomic diversity and species richness of the

community, especially of several dominant taxa, will

Studies of bioindicators of urbanization primarily provide a simple indication of the ecological com-
in Europe show oribatid mites to be sensitive indi- plexity of the soil community. To date, specific key-
cators of changing air quality (André, 1976; Kehl stone species have not been identified for oribatid or
and Weigmann, 1992; Porzner and Weigmann, 1992; astigmatic mites in agroecosystems. Dominance of an
Weigmann and Jung, 1992). Steiner (1995) demon- assemblage by species of Brachychthoniidae, Tecto-
strated that air pollution, particularly increased con- cepheidae and Oppiidae indicates recent disturbance,
centrations of N@, decreases oribatid species richness although not the specific nature of the disturbance.
and causes more uniform communities. Steiner noted When ecological and biological data are avail-
that many species are more strongly influenced by mi- able for species in the community, assessment of
crohabitat characteristics than levels of pollutants, and the species assemblage can provide precise data on
changes in population structure resulting from pollu- soil quality, and potentially identify the nature of
tants have to be clearly segregated from those duethe perturbation (Siepel, 1995a). Integration of eco-
to microhabitat variability before bioindicators can be logical and biological data on species assemblages
characterized. He considepygoribatula exilisand with geographical information system (GIS) data on
possibly Eremaeus oblonguas promising indicators  soil physical and chemical parameters, other biotic
of air pollution in Europe, and confirms the high tol- components, climate and vegetation, could poten-
erance ofCamisia segni¢o pollutants.Humerobates tially provide assessments of habitat complexity and
rostrolamellatus(Grandjean) is highly sensitive to air  change under stress at larger spatial scales, and allow
pollution and has been tested in the laboratory and in comparison between habitats.
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