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Abstract Mites are involved in the decomposition of animal carcases and human corpses
at every stage. From initial decay at the fresh stage until dry decomposition at the skeletal
stage, a huge diversity of Acari, including members of the Mesostigmata, Prostigmata,
Astigmata, Endeostigmata, Oribatida and Ixodida, are an integral part of the constantly
changing food webs on, in and beneath the carrion. During the desiccation stage in wave 6
of Mégnin’s system, mites can become the dominant fauna on the decomposing body.
Under conditions unfavourable for the colonisation of insects, such as concealment, low
temperature or mummification, mites might become the most important or even the only
arthropods on a dead body. Some mite species will be represented by a few specimens,
whereas others might build up in numbers to several million individuals. Astigmata are
most prominent in numbers and Mesostigmata in diversity. More than 100 mite species
and over 60 mite families were collected from animal carcases, and around 75 species and
over 20 families from human corpses.

Keywords Carrion - Carcass - Corpse - Cadaver - Animal decomposition -
Necrophagy - Necrophagia - Succession - Post mortem interval

Introduction

Corpses of humans and carcases of animals represent biocenoses that are often composed
of complicated food webs. Especially under the combined influence of residential bacteria
from the gut and introduced blow or flesh flies, the decomposition of a recently deceased
body can proceed very rapidly, resulting in a constantly changing habitat for necrophilous
and necrophagous arthropods and other animals and fungi. These changes might be
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considered as a succession of microhabitats or seral sequences, microseres, which might be
divided into a series of definable stages that might be called microseral stages. Insect
species dominate the serially changing populations on carcases. However, mites are
receiving increased recognition as a part of forensic biology (Frost et al. 2009; Perotti and
Braig 2009a; Perotti et al. 2009b). Mites are also involved in most stages of decomposition
of animal and human remains. This paper tries to list the most abundant mite fauna
associated with decomposition.

Waves of arthropods

Early work on decomposition in forensic medicine was inspired by case observations of the
arthropod fauna associated with exposed human corpses. Jean Pierre Mégnin in Paris,
France, organised his observations in his book La Faune des Cadavres [The Fauna of
Carcases], where he observed that arthropods appear in 8 distinct waves on the carcases of
humans. He illustrated this with 19 forensic case studies described in detail (Mégnin 1894).
A short summary of the 8 waves was published a year later (Mégnin 1895). There remains
an oddity in Mégnin’s legacy. Specimens of the corpse fly Hydrotaea capensis recovered
from 1 year-old corpses from the cemetery of Saint Nazaire in Paris were assigned by
Mégnin to wave 5 and to an otherwise unknown wave 9 (Pont and Matile 1980). Over time,
several more insect species have been added to the list of waves of arthropods (Table 1). In
Mégnin’s original observations, an entire wave, the sixth, was composed of only mites.
Later on, Leclercq added mites also to the very first wave (Leclercq and Verstraeten 1993).
Several other authors have added additional species to the list of waves. Porta in Parma,
Italy, distinguished 9 waves of arthropods associated with ten stages of human decom-
position. In his system, waves 6 and 7 were, among others, characterised by larvae, nymphs
and adults of Acari. These 2 waves represent the initial and final pre-skeletal stages, each
lasting for 3—4 months for exposed and for concealed corpses (Porta 1929). At the skeletal
stage, only small numbers of adult mites were recovered by Porta.

Mégnin’s appreciation of mites in a forensic context has been acknowledged early on by
forensic entomologists and pathologists (Graells 1886; Rios 1902a, b; Lecha-Marzo 1917,
Porta 1929). However, the proposed succession of insects and Mégnin’s interpretations
were questioned over time by many (Strauch 1912; Wyss and Cherix 2006).

Mégnin’s work on the arthropod succession on human corpses led him to describe
several new species of mites and flies. Some of the species descriptions in La Faune des
Cadavres are very brief and the associated drawings not particularly detailed. This has not
been a problem in cases where subsequent workers have acknowledged Mégnin’s species
descriptions and included them in their revisions.

Serrator amphibius Mégnin (1894) is a revision by Mégnin himself of Tyroglyphus
rostro-serratus Mégnin 1873 and should now be recognised as Histiostoma feroniarum
(Dufour 1839) (Histiostomatidae, Astigmata). The identification of Serrator necrophagus
Mégnin (1894) is more of a problem. Should it be considered as Histiostoma necrophagus
(=? necrophori Dujardin) (Leclercq and Verstraeten 1988b)? According to OConnor (pers.
comm.), S. necrophagus is a composite of Histiostoma and Myianoetus and as such
unrecognisable.

The two species Uropoda nummularia Mégnin (1894) (? Uropodidae Kramer 1881,
Mesostigmata) and Trachynotus cadaverinus Mégnin (1894) (? Trachyuropodidae Berlese
1917, Mesostigmata) had not been taken up by a systematic acarologist and their identity
has remained a puzzle for a long time. Few authors have reproduced the characteristics of
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Table 1 Based on 15 years of experience at the Paris morgue, Mégnin described 8 waves, squads or
periods of arthropod succession on human corpses exposed to the air (escouades or séries des travailleurs de
la mort [sections or series of death workers or gravediggers of nature (Gaudry 2002)])

Faunal succession as established by Mégnin on exposed human corpses

1st wave — bodies fresh; normally, first 48 h but can last for 3 months after death
Muscidae
Musca domestica, house fly
M. autumnalis (=M. corvina), face or autumn house fly
Muscina stabulans (=Curtonevra stabulans), false stable fly

Stratiomyidae

Hermetia illucens, black soldier fly
Phoridae humpbacked or scuttle flies
Calliphoridae

Calliphora vomitoria, holarctic blue blow fly
C. vicina (=C. erythrocephala), European bluebottle fly
Chrysomya albiceps, blow fly
Lucilia spp., greenbottle flies
Protophormia terraenovae, bird’s nest screwworm fly
Phormia regina, black blow fly
Acari mites

2nd wave — decomposition commenced, odour developing; 4872 h but can last for the first 3 months after
death

Muscidae
Hydrotaea dentipes, sweat fly
Calliphoridae
Lucilia caesar, golden greenbottle fly
Lucilia sericata (=Phaenicia sericata), sheep blow fly
Cynomya mortuorum, bluebottle fly
Sarcophagidae
Sarcophaga carnaria, grey flesh fly
S. arvensis, flesh fly
S. laticrus (=Myophora laticrus), flesh fly
S. (Liopygia) argyrostoma (=Parasarcophaga argyrostoma), flesh fly
Staphylinidae
Omalium rivulare, rove beetle
3rd wave — fats becoming racid, butyric fermentation; 3—6 months after death
Dermestidae
Dermestes lardarius, larder or bacon beetle
D. frischi, common hide beetle
D. undulatus, skin beetle
Pyralidae
Aglossa pinguinalis, grease moth
A. caprealis, fungus or murky meal moth
4th wave — caseous fermentation; 3—4 to 6-8 months after death
Piophilidae
Piophila casei, cheese skipper, jumping maggot
P. petasionis, ham and cheese fly
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Table 1 continued

Faunal succession as established by Mégnin on exposed human corpses

Anthomyiidae
Chortophila vicina (=Anthomyia vicina), banded fly
Anthomyia pluvialis, banded fly
A. vesicularis, banded fly
Cleridae
Korynetes caeruleus (=Corynetes violaceus), bone beetle
K. ruficornis (=Corynetes coeruleus), blue hide beetle
Necrobia ruficollis (=Corynetes ruficollis), red-shouldered ham beetle
N. rufipes (=Corynetes rufipes), red-legged ham beetle
N. violacea, black-legged ham beetle, blue corynetes
Staphylinidae
Omalium rivulare, rove beetle

Fanniidae
Fannia scalaris (=Anthomyia scalaris), latrine fly
Milichiidae
Madiza glabra, insect jackal
Syrphidae
Eristalis tenax, drone fly, rat-tailed maggot
Brachyopa spp., hover flies
Ephydridae
Scatella fusca (=Teichomyza fusca), urine or urinal fly
Heleomyzidae
Tephrochlamys rufiventris, sun fly
Drosophilidae vinegar flies
Sciaridae dark-winged fungus gnats
Sepsidae black scavenger flies
Sphaeroceridae small dung flies
Trichoceridae winter crane flies

5th wave — ammoniacal fermentation, black liquefaction, evaporation of sanious fluids; 4-5 to 8—9 months
after death

Piophilidae
Thyreophora cynophila, skipper fly, considered extinct
Centrophlebomyia anthropophaga (=Thyreophora anthropophaga), bone skipper, almost extinct
C. furcata, bone skipper
Dasyphlebomyia stylata, skipper fly
Lonchaeidae
Lonchaea nigrimana, lance fly
Muscidae
Hydrotaea capensis (=Ophyra cadaverina Mégnin,=Ophyra anthrax), dung or corpse fly
H. leucostoma (=Ophyra leucostoma), black garbage or dump fly
Phoridae
Phora aterrima, scuttle fly
Triphleba spp., humpbacked flies
Silphidae
Nicrophorus interruptus (=Necrophorus fossor), burying beetle
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Table 1 continued

Faunal succession as established by Mégnin on exposed human corpses

N. humator, black sexton beetle
N. investigator, banded sexton beetle
Necrodes littoralis (=Silpha littoralis), bent-legged silpha, shore sexton beetle

Oiceoptoma noveboracensis (=Silpha noveboracensis), small or margined carrion
beetle

Silpha obscura, carrion beetle
Histeridae
Margarinotus brunneus (=Hister cadaverinus, H. impressus), clown beetle
Gnathoncus rotundatus (=Saprinus rotondatus), carrion beetle
Euspilotus assimilis (=Saprinus assimilis), clown beetle
Saprinus semistriatus, striped clown beetle
Hister foedatus, hister beetle
Leiodidae
Catops spp., round fungus beetle
Nitidulidae
Carpophilus spp., dried fruit beetles
6th wave — desiccation; 5-6 to 10-12 months after death
Mesostigmata
Dinychidae (Uropodidae)
Leiodinychus krameri (=Uropoda nummularia Mégnin) ?
Trachytidae
Uroseius acuminatus (=Trachynotus cadaverinus Mégnin) ?
Astigmata
Acaridae
Acarus siro (=Tyroglyphus siro, Tyrolichus casei)
Tyrophagus longior (=Tyroglyphus longior, Tyroglyphus infestans)
Histiostomatidae
Histiostoma feroniarum (=Serrator amphibius Mégnin, Tyroglyphus rostro-serratus
Mégnin)
Serrator necrophagus Mégnin ?
Glycyphagidae
Glycyphagus destructor (=Glyciphagus cursor Mégnin, Glyciphagus spinipes)
7th wave — complete desiccation; after 8 months or 1-3 years after death
Pyralidae
Aglossa caprealis, fungus or murky meal moth
Tineidae
Tineola bisselliella, webbing clothes or carpet moth
Tinea pellionella, case-making clothes moth
Monopis laevigella (=M. rusticella), fur moth
Dermestidae
Attagenus pellio, fur beetle
Anthrenus museorum, museum beetle
Dermestes maculatus, leather, hide or bacon beetle
Nitidulidae
Omosita colon, pollen or sap beetle
Trogidae

Trox unistriatus, skin beetle
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Table 1 continued

Faunal succession as established by Mégnin on exposed human corpses

8th wave — debris; over 3 years after death
Tenebrionidae
Tenebrio molitor, yellow mealworm beetle
T. obscurus, dark mealworm beetle
Anobiidae
Ptinus brunneus, brown spider beetle

Species aligned to the left in the list represent the species originally identified by Mégnin (1894), species
more to the right are additions made by subsequent workers (Johnston and Villeneuve 1897; Leclerq 1969;
Smith 1973, 1986; Leclercq and Verstraeten 1993; Gaudry 2002). For some of the additional species, the
assignment of a species to a particular wave varies with the locality and author. The systematics of species
has been adapted to current use; the original and one of its synonyms, where appropriate, are in parentheses.
Species names with ‘?” are discussed in the text. Where available, the vernacular name of the insect species
is given, otherwise one of the common names of its family is used

Meégnin’s species and often not in easily accessible publications, which might have con-
tributed to them being overlooked (Rios 1902b; Porta 1929). In addition, the mite name
T. cadaverinus is sometimes confused with a beetle species. However, these species have
finally been identified as quite common and widespread mites. Athias-Binche (1994)
recognises U. nummularia as a synonym of the round grain or round brown mite, Leiod-
inychus krameri (G & R Canestrini 1882) (Dinychidae or Uropodidae) and T. cadaverinus
as Uroseius acuminatus (CL Koch 1847) (Trachytidae), which can be phoretic on the
phorid fly Aphiochaeta rufipes.

Mégnin differentiates between Glyciphagus spinipes Ch. Rob. and Glyciphagus cursor
Meégnin (1894), both are now considered synonyms of the pilous or groceries mite Gly-
cyphagus (Lepidoglyphus) destructor (Schrank 1781) (Glycyphagidae, Astigmata). Mégnin
also differentiates between Tyroglyphus longior Gervais 1844 (Mégnin 1894) and
Tyroglyphus infestans Berlese 1884 (Mégnin 1898), both are now synonyms of the seed
mite Tyrophagus longior (Gervais 1844). However, the Tyrophagus species reported by
Mégnin might have been a mixture of species (Perotti 2009).

The forensically important bulb mite species Capophagus echinopus depictured in
detail in Mégnin’s La Faune des Cadavres in 1894 is now recognised as Rhizoglyphus
echinopus (Fumouze and Robin 1868) (Acaridae, Astigmata).

All species in the genus Caloglyphus Berlese 1923 will be listed as Sancassania
Oudemans 1916 (Acaridae, Astigmata) (Samsinak 1960). Tyroglyphus mycophagus Mégnin
1874 became Caloglyphus mycophagus and is now S. berlesei (Michael 1903). Some
consider it one species, according to Hughes and Baker these are two species, and Moniez in
1892 has described a mite species as Tyroglyphus mycophagus that is now recognised as
S. chelone Oudemans 1916.

In the early Spanish literature, mites of the genus Carpoglyphus (Carpoglyphidae,
Astigmata) are listed as part of Mégnin’s mite-rich sixth wave but have not been reported
since then (Lecha-Marzo 1917).

The carrion or grave fly, Ophyra cadaverina Mégnin (1894) (Muscidae, Diptera), fifth
wave, had been ignored by entomologists for some time. Around 85 years after the original
publication in Mégnin’s book, a bottle was discovered by accident in the Natural History
Museum in Paris with insects collected from corpses and labelled ‘Travailleurs de la Mort’.
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The bottle also contained three specimens of O. cadaverina that allowed the identification
of Mégnin’s species as a junior synonym of O. capensis (Wiedemann, 1818; Pont and
Matile 1980). Species in the genus Ophyria have meanwhile been transferred to the genus
Hydrotaea, however, molecular studies place Ophyria species in a clade separate from
Hydrotaea (Schnell e Schiihli et al. 2004, 2007). The bottle must have been part of original
material offered to the museum by Mégnin. Acarologists have not yet investigated whether
some of the mites have been saved as well.

It is surprising that Mégnin didn’t observe any mite species in wave 7, complete
desiccation. The beetle species in this wave, Dermestes spp., Trox spp. and similar species,
are well known for the large numbers and diversity of phoretic mites they carry (Perotti and
Braig 2009b).

Some taxa such as the grease and fungi moths, may appear subsequently in 2 separate
waves; first with wave 3, when the body fats started oxidising, particularly Aglossa pingui-
nalis, and later with wave 7, when the carcase has dried out, mostly A. cuprealis. The species
composition of insects and mites will vary with the region, temperature, season, amount of
light and shade, level of concealment, presence of vertebrate scavengers and other envi-
ronmental peculiarities. Interestingly, the species composition might even change with time.
For example, several species of bone skippers, Thyreophora species, are so specialised to later
stages of the decomposition of large carcases that they have become extinct or are close to
extinction. Decomposing bone marrow may be the preferred larval diet or the protection
provided by large bones might be essential for the survival of the larvae. These species only
remain in small pockets in countries like India (Kashmir) where their existence depends on
the availability of later stages of decomposition of large animal carcases like horses (Mi-
chelsen 1983). One expects that Indian elephants might provide an even better habitat for
these flies. [ronically, Thyreophora is not only a skipper fly genus threatened by extinction, it
is also an extinct suborder of shield-bearing dinosaurs. During the time of Mégnin, sufficient
numbers of large animals seem to have been allowed to decompose completely in nature to
enable the species to survive. Through human intervention, most large animal carcases are
now removed from the land before they reach advanced stages of decomposition. Changes in
human behaviour influence which species participate in the decomposition process.

The time line of the 8 waves seems to have changed as well. Leclercq observed that the
scuttle flies, Phoridae, no longer appear in wave 5 around 4-8 months after death but might
arrive as early as week 3 and might also be found very late until several years after death. The
mites no longer colonise the carcase as a compact wave between 6 and 12 months but in the
experience of Leclercq, mites will arrive much earlier and more likely in 4 specific waves
dependent on the physical state of decomposition of the carcase. He differentiates between the
following appearances of the carcase as specific habitats for mites: ‘outright liquid [franc-
hement aquatiques]’, ‘semi liquid [semi-aquatiques]’, ‘a little bit wet [peu hydrophiles]” and
‘in the process of desiccation or dry [milieu en voie de dessication ou desséché]’ but didn’t
assign specific species to each habitat (Leclercq and Verstraeten 1988a, 1993; Leclercq 2002).

The waves of arthropods in Mégnin’s system overlap with each other; they often form a
continuum where it becomes difficult to say where one particular wave ends and a sub-
sequent wave starts. Environmental conditions like the degree of drying out of the carcase
or the impact of vertebrate scavengers might prevent several waves of arthropods arriving
at a carcase. Many insect species are habitat specific. Ants (Hymenoptera), not mentioned
in Mégnin’s system, might be the numerically dominant species on a carcase under certain
environmental conditions. And more critique has been expressed regarding individual
waves and taxa. However, the acarological importance of this list is that most if not all of
the insects arriving at the carcase might carry mites. Perhaps the easiest way to obtain a
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structured overview of the time line, the potential mite carriers and of the potential pre-
dators of mites still might be the use of Mégnin’s system.

Stages of decomposition

Currently the state of a carcase is described by a state of decomposition rather than by a
wave of arthropod colonisation. Five stages (Table 2) are most commonly recognised for
exposed and concealed carcases as described by Goff (2009). Six stages of decay are
proposed for the decomposition of pig carcases in water (Payne and King 1972).

Table 2 Terms of the most commonly recognised five stages of decomposition of vertebrate animals and
humans

1 Initial decay, fresh stage
Carcase appears fresh externally but is decomposing internally due to the activities of bacteria, protozoa
and nematodes present in the animal before death.
This stage begins at the moment of death and ends when bloating is first evident. The first organisms to
arrive are blow flies and flesh flies. Eggs or larvae are deposited around the natural openings or wounds

2 Putrefaction, bloated stage
Carcase swollen by gas produced internally, accompanied by odour of decaying flesh.

Gasses produced by the metabolic activities of anaerobic bacteria first cause a slight inflation of the
abdomen, and the corpse may later assume a fully inflated, balloon-like appearance. Internal carcase
temperatures begin to rise as a combined result of putrefaction processes and metabolic heat of the fly
larvae. Predatory taxa such as rove beetles arrive. Fluids seeping from natural body openings combined
with ammonia produced by the fly larvae cause the soil beneath the carcase to become alkaline. Normal
soil fauna will depart the area beneath the remains

3 Black putrefaction, active decay, decay stage
Flesh of creamy consistency with exposed parts black. Body collapses as gases escape. Odour of decay
very strong.

The decay stage begins when the skin is broken, allowing gases to escape and the remains deflate.
Diptera larvae from large feeding masses are the predominant taxa; Coleoptera arrive in numbers.
Necrophagous and predatory taxa are observed in large numbers during the latter part of the stage. By the
end of the stage, the blow and flesh flies will have departed the remains for pupariation. The fly larvae will
have removed most of the flesh by the end

4 Butyric fermentation, advanced decay, post-decay stage
Carcase drying out. Some flesh remains at first, and cheesy odour develops. Ventral surface of body
mouldy from fermentation.
Remains are reduced to skin, cartilage, and bones. Various beetle species will dominate and their
diversity will increase; parasites and predators of beetles will increase as well. In wet habitats such as
swamps and rain forests, beetles will be replaced by flies and other taxa

5 Dry decay, dry decomposition, skeletal stage, remains stage
Carcase almost dry to complete dry; slow rate of decay.
Only bones and hair remain. A gradual return of the normal soil fauna to the area beneath the remains.
There is no definitive end point to this stage and some variations in the composition of the soil fauna may
be detectable even years following the death depending on local conditions

Some stages have (almost) interchangeable names given by different authorities, like butyric fermentation
and advanced decay; others like butyric fermentation and post-decay overlap only partially. The last term at
each stage is the one used by Goff (2009). The rough description of the stages follows Bornemissza (1957)
for guinea pigs. The more detailed description follows Goff (1993) for pigs and humans
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Mites are numerous on carcases

Mites are not a rarity on carcases. A few examples and citations from the literature might
illustrate this. Acarina are numerous on pig carcases (Gill 2005). Butyric fermentation and
advanced decay will attract mites in such numbers that they become visible to the naked
eye. However, they are often mistaken for mould, which is present at that time as well, or
for fine sawdust, as is emphasised by one of the classical chapters on forensic entomology
(Haskell et al. 1997). Large quantities of mites give a fluffy appearance to decomposing
pigs (Anderson et al. 2002). In a study of 43 dog carcases in Tennessee (USA), mites were
sometimes distributed on the upper surface of carcases (Reed 1958). Where any skin was
left by the skin feeders of the previous stage, an immense number of tyroglyphid mites
consumed the remainder leaving nothing but bones of guinea pigs (Bornemissza 1957). A
very large number of Staphylinidae, Catopidae, Diptera and Acarina were collected from
the carcases of bank voles (Nabagto 1973). Watson in Louisiana, USA, collected in pitfall
traps under six alligators, three bears, six deer and six swine a total of 218,514 Parasitidae
mites (Watson 2004). During the fresh stage of decomposition 23 Parasitidae plus 7 seed
mites, during the bloating stage 1,427 Parasitidae plus 99 seed, 7 needlenose, 4 mushroom
and 2 strawberry mites, during active decomposition 5,062 Parasitidae plus 87 seed and 23
needlenose mites, during advanced decomposition 51,418 Parasitidae plus 104 seed and 6
needlenose mites and during dry decomposition 160,584 Parasitidae plus 194 seed, 15
needlenose, 8 strawberry and 4 mushroom mites. Unfortunately, the identity of the mites
behind these vernacular names remains unresolved.

For his twelfth case, Mégnin concluded: ‘the abundance of the Acarina, which were of
an immense number, incalculable, on the leg of the mummy that we had to examine,
proves that they were the principal agents of this mummification, without denying, how-
ever, that the abundance was helped by special environmental circumstances’ (Mégnin
1895). Von Niezabitowski (1902) also reported to always find larger numbers of mites
belonging to the ‘Gamasidae’ (Mesostigmata) on human corpses but didn’t consider it to
be characteristic. Mégnin’s first discovery of mites on and in a mummified newborn baby
from the Paris area was followed by a report of a similar case from Montpellier in France
(Brouardel 1879; Lichtenstein et al. 1885).

The early cases describe the mummified corpses to be covered by a brownish layer some
2 mm thick and made up exclusively of mite carcases, exuvia and faeces (Brouardel 1879;
Perotti and Braig 2009b). Such a brownish layer has been reported from many more cases
of mummified corpses of babies and adults. However, in many cases this layer was not
microscopically examined and the possible presence of mites was not detected (Strauch
1928; Forbes 1942). The detection of the small black fly Phora aterrima (Phoridae) in such
a brownish layer might distract from looking for mites. When baby pig carcases were put
in burial pits, during the later part of advanced decomposition, mites became so numerous
that they gave the carcase a mottled appearance; and during dry decomposition, ants, flies,
Collembola and mites were the dominant fauna (Payne et al. 1968). Myriads of mites,
Thysanura (now order Collembola) and dipteran puparia but no beetles nor dipteran larvae
were found on a human corpse interred for 4 years only in a burial case but without coffin
in a grave 3 feet deep (Motter 1898). In a more recent case, the corpse of a young female
recently exhumed after 28 years yielded thousands of live Collembola together with large
numbers of Acari (mites) of the family Glycyphagidae, and fly puparia (Merritt et al.
2007).

The only habitat where mites don’t seem to be numerous is on submerged carcases. In a
study with baby pigs by Vance and colleagues, it was observed that during the collection
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process water mites and mayflies were typically found while searching the net holding the
carcase after the net and carcase were recovered from submersion in a lake (Vance et al.
1995). The water mites detached readily during the first signs of carcase disturbance. In
this study water mites were recovered in nine collections compared to amphipods in 19,
mayflies in 20 and chironomids in 30 collections. However, Proctor expects freshwater
mites to be of little forensic value in the estimation of post mortem intervals of submerged
carcases (Proctor 2009).

Buried carcases

Corpses buried in graves only experience 4 waves of arthropod invasion (Mégnin 1887,
1894). In the introduction to the section on the fauna of buried and entombed corpses,
Mégnin placed Acari next to Diptera, Coleoptera and Lepidoptera as constituents but did
not elaborate further on any mite species that might be part of it, though he emphasised that
the larvae of the mites were not visible to the naked eye. For the fourth and last wave of
buried cases, the mite genera Uropoda and Trachynotus have been reported in the early
literature (Lecha-Marzo 1917).

A total of 150 exhumations in the late eighteenth century in Washington, DC (USA)
yielded eight mite species on 30 human corpses, interred from 3 to 71 years (Motter 1898).
This is a very high recovery rate for mites compared with insect taxa. The highest recovery
rate was achieved for rove beetles of the genus Eleusis (Staphilinidae, Coleoptera), which
were found in 56 cases interred from 1 to 11 years, followed by scuttle flies (Phoridae,
Diptera), which were found on 43 human corpses interred from 3 to 38 years. The most
commonly found mite species was the new species Uropoda depressa (Uropodidiae,
Mesostigmata) present on bodies interred from 3 to 11 years. Again, this species new to
science has not yet been systematically evaluated by acarologists. A completely dry and
crumpling corpse interred for 71 years in a wood coffin 1.8 m deep in sandy soil contained no
insects; only ‘Hypopus’ species, i.e. phoretic deutonynphs of several species in the family
Acaridae (Astigmata) and a single snail, Helicodiscus lineatus, were present. In more recent
exhuminations in France of shorter burial time, mites were reported from 3 of 22 human
corpse, all in the stage of putrefaction and interred for 7-9 months (Bourel et al. 2004).
Remarkably, conservation treatment applied to one of the corpses had no effect on the mite
colonisation. Similarly, mites, springtails and puparia of coffin fly, Conicera tibialis, were
collected from the embalmed body of a 28 year-old female with a gunshot wound to the head.
The corpse was buried at a depth of 1.8 m in an unsealed casket that was placed inside an
unsealed cement vault in a cemetery in Michigan, USA (Merritt et al. 2007).

Mites in decomposition studies

Mites have been observed in many decomposition studies but often referred to as Acari,
Acarina or Acarida, for example: rabbits (Chapman and Sankey 1955), active and
advanced decomposition, dry remains (Wolff et al. 2004); lizards and toads (Cornaby
1974); guinea pigs (Porta 1929); chickens, during all four or five stages of decomposition
(Arnaldos et al. 2004; Horenstein et al. 2005); sparrows (Dahl 1896); pigs (Anderson et al.
2002; Grassberger and Frank 2004; Pérez et al. 2005; Schoenly et al. 2005; Kelly 2006);
water mites on submerged pigs (Vance et al. 1995); sheep (Fuller 1934); mice and slugs
(Kneidel 1984); voles (Nabagto 1973); crows, sparrows, striped field mice and baby pigs
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(Fourman 1936); a study involving some 1,200 rodent carcases in Wytham Woods around
Oxford (Putman 1978); herring gulls and great black-backed gulls (Lord and Burger
1984b); fish (Walker 1957; Watson 2004); mites of the family Parasitidae on wild bear,
deer, alligator and wild pig carcases (Watson and Carlton 2003). Mites have also been
noticed at crime scenes or associated with human corpses but not identified (Bianchini
1929; Magni et al. 2008).

In a study of the decomposition of baby pigs in Tennessee, USA, a total of 522 species
representing 3 phyla, 9 classes, 31 orders, 151 families and 359 genera were identified
(Payne 1965). Due to the need for a wide variety of taxonomic expertise, there is a
tendency to report only a portion of the insects found on carrion based on the insect taxa
previously published as forensically significant. This leads to a bias towards large, easily
collected arthropods and avoidance of taxonomically difficult groups, i.e. Acari, Sph-
aeroceridae, Sepsidae, Histeridae, Drosophilidae, Piophilidae and many Staphylinidae (Gill
2005). This is also evident in the list of arthropod waves in Table 1, where authors
indicated families instead of species. It is obvious that Acari—not being insects—should
be the most difficult group of all for (forensic) entomologists. An extreme but fascinating
case might demonstrate that even for arachnologists it might not be trivial to recognize a
mite as such. Brucharachne ecitophila was initially described from a female specimen as
the sole representative of the spider family Brucharachnidae. Reexamination revealed that
the female spider specimen is actually a male dermanyssiod mite, now known as Sphae-
roseius ecitophilus (Laelapidae, Mesostigmata) (Krantz and Platnick 1995). Along with
size, the taxonomic difficulty of Acari might be the most important reason why mites are so
often not reported in forensic and ecological studies of decomposition.

Mites are part of a food web

There are many ecological reasons why mites might be found on carcases. Mites will feed
on successive waves of bacteria, algae and fungi that develop on the carcase. ‘Cheese’
mites that can be found feeding on cheese and ham, will feed on the caseous stage of
carcases. Carcases pre-date cheese and ham in evolutionary terms. Species of macrochelid,
parasitid, parholaspidid, uropodid and other mite families will prey on other mites, insects,
and nematodes on the corpse. Nematodes have long been recognised as an integral part of
animal and human decomposition but have been almost completely ignored by the forensic
sciences. These nematodes, like the bacteria, algae and fungi, attract predatory mites to a
carcase and then become as much part of the food web of a carcase as the nematodes. Other
mite species specialise on the dry remains of the carcase. Several forensic web sources
suggest that mites of the genus Rostrozetes (Haplozetidae, Oribatida) feed on dry skin in
the later stages of decomposition. While a large diversity of mite species has been collected
at later stages of decomposition and from dry skin (Table 3), there is currently no evidence
for any Rostrozetes species being associated with animal or human remains. Several
species of Rostrozetes are very common inhabitants of leaf litter and peatlands and are
found on moss and fungi from tree trunks (Behan-Pelletier and Bissett 1994). Reports on
associations of Rostrozetes with animal skin are very rare and restricted to parasitic
infestations of living animals (Parker and Holliman 1971).

Burying and sexton beetles (Nicrophorus spp., Silphidae) bring mites of the genus
Poecilochirus (Parasitidae, Mesostigmata) to a carcase. These mites have long been
implicated in a symbiotic interaction with their carrier host. Poecilochirus can kill the eggs
of blow flies, which are one of the main competitors of these beetles for the carcase. Blow

@ Springer



Exp Appl Acarol (2009) 49:45-84

56

00T 'Te 19 sop[euly €01 uredg PIoId Jopun ‘uQ U¥dID
TLOT BSEM vsn ‘VIN SPOOM. Jopun UaPIYD  AeIopoN SEpLEdY
9007 [0ME pue eqo[] BLIDSIN SPOOM uQ UDPIYO ‘pIezI]  UOWWOD) QepLIEOY 0415 'y
600 TouuopO VSN ‘AN
6002 JouuodQ BOIY BISOD 0SSy Soq QepLIBOY SLLDY SNADIY
elewISNSY
8661 JjoD pue
B[IAV ‘1661 JJOD puB WeIRYIPEMIH VSN ‘H [eIoAdS uo Sid wog
6861 JJ0D 9861 JjoD pue K[req g€ VSN ‘IH dnydosewr + orax Iopun ‘uQ D auog seprpodoin ¢-1 ds
886 SouIleg pue SOATY vSn VI urrej uQ uoID  JuepuNqQy JepryoAurporn “ds ppodoanosn,g
CTLOT BseM vsn ‘AN SPOOM Jopun) uayor)  Sulseardu] aepnisereq
7661 UOS[IA\ Pue umolg <7/6] IOPOX vSn ‘TN uQ soseored ogie| ppydoydps g
roydo.dau
€861 UOSIIA vsn ‘TN 3sa10q uo 9OIN YStH SnA1Y20]1220d
00T SeqrearN of[nse) 7Tl Emdﬁm ysnq ,Uzw_mwaho uQ m-m aepnisered -ds SMISvADJ
TLOT BSEM vsn ‘dN SPOOM lopun uayory)  Suisearouf
000T JJoD pue sIae( ‘8661
JJOD pue B[IAY /661 JJOD pue SpIeyory VSN TH [eIoA9S Jopun ‘uQ Sid wog SBPI[YI0ISLIN
6861 JJ0D 9861 JJoO pue ARy S—¢ VSN ‘IH onAydosowr + 019x Iopun ‘uQ ile) Ll 2DI1SAUOPIVISNUL “ A
6861 10D 9861 JJoO pue ALreq S—¢ VSN ‘TH onAydosowr + o10x Iopun ‘uQ 1) awog SHLIDPAIUL S2]2YI0LIDI
DUDILLIUWD
6861 10D (9861 JJoO pue ALreq S—¢ VSN ‘TH onAydosowr + o10x Iopun ‘uQ ”®) Qwog QEPI[AYI0IdRIA sidspjoyidS)n
TL6T DSeM vSn ‘AN SPOOM Iopun uayory)  Jursearouy oepideroe]
200T SqIeajy of[use) 1 uredg ysnq ‘pue[ssein uQ S1d JepiseweSowaey “ds snspuwwSowavyy
00T S9qIRIIAl O[[nse) Al uredg ysnq ‘pue[ssern) up 31 epIOSY “ds smaso0104y
BIeWSNSOSIA]
Kedap [enrur ‘a3e)s ysaag
(ypuowr)
ERIVEIETEN S ON 1N Anuno) je)qey uoned0| JSOH oouepunqy Aqrueg saroadg

S9sLOIED [RWIUER WOIJ ATUO
patodar sarrurey 1ayio £q 19pIo [ednaqeyd[e ur pamofoy 1Sy paIsI] are sesdiod uewny woij pairodar saroads oy M sar[Turey ‘safels euonisodwiosop oY) UMM € IqeL

pringer

AR



57

Exp Appl Acarol (2009) 49:45-84

JJOD pu® BIIAY *L661 JJOD pue %mwmh_m VSN ‘TH [eIoA9g Iopun ‘uQ Sig  uowwo)
CTL6L DBSEM vsn g SPOOM. 1apun uayoIyD 1omaq oepnisered
1661 JJ0D pue wereyIpemoy VSN TH [eIoADS Iopun ‘uQ 3iq swog
6861 10D 9861 JJoO pue A[req G—¢ VSN ‘TH ondydosowr + o1ox Iopun ‘uQ ®) Qwos “ds snspwwSiag
2007 S_q[eIIjA o[[use) 1 uredg ysnq ‘puessein) uQ 31q aepnisered “ds smusvavg
6861 30D 9861 }JoO pue Alreqg G—¢ VSN ‘TH onfydosow + o1ox 1opun ‘uQ 1) Qwog aeprideoe[Ayoeq “ds sdpjavj{yong
CTLOL DSEM vsn g SPOOM. 1apun uayoIyD Tomoq SBPI[aYO0IBIN
000T 30D pue s1ae( ‘8661
JJOD pue BIAV /661 JJOD PUE SpIRyIry vSn TH [eIoA9S Jopun ‘uQ 31q awog SBPI[aYO0IBIN
6861 130D 9861 JJoO pue Areq G—¢ VSN ‘IH ondydosowr + o1ox Iopun ‘uQ 9] wog DOUSIUWOPIDISIUL "I
6861 10D 9861 JJoO pue A[req G—¢ VSN ‘IH ondydosowr + o1ox Iopun ‘uQ i19) Awog SHLIDPAIUL $2]2YI0LIDI
DUDI1LIUUD
6861 130D 9861 JJoO pue A[req G—¢ VSN ‘IH ondydosowr + o1ox Iopun ‘uQ 9] Awog QBPI[AYO0IIRIA sidspjoyrdS1n
TLOT BSEM vsn ‘9N SPOOM Iapun) U Tomag aeprdefoery
2007 S2q[eIIA O[[nse) 1 uredg ysnq ‘pue[ssein) uQ 31 aeprsewreSoworH ‘ds snspuwSowavgy
2007 Soq[eIAl o[[nse) -1 uredg ysnq ‘pue[ssern) uQ 3id QePIOSY “ds smasoroay
BIRWSTISOSAN
[eL1S31I)—aZe)s pajeo|q ‘uondejRIIng
00T seqredmA ofused Tl uredg ysng uo Siq
TLOT BSEM VSN VIN SPOOM Iapun) UdPIYD  JBISPON 9BpIPIqUIOLT,
CTLOL DSEM VSN ‘VIA SPOOM 1apun uadoIyy - juepunqy aepupISeyy
CTL6L DBSEM VSN ‘VIA SPOOM. 1apun uyoIyn - juepunqy SepI[epd
8061 TURWD 48] UOS[IAM APIMPLIOM BUNEJ [PULION uQ S[ewweW SO aurpeqg Jeprodpouwda
600T Yyosog QPIMPLIO A BUNBJ [RULION uQ uewny Elilipklg] wm.aomonof *q
60027 Yyosaq OPIMPLIO M BUNBJ [RULION uQ uewiny auIdq QBpIOapowd( $142.4q X2powa(q
elRWISNSOI]
CTL6L DSEM VSN ‘VIN SPOOM 1apun uyoIyD aulpag Spuequo
EpIEqLO
(ypuour)
Q0UAIRJAY  UOSBAS Anuno) jelqeHq uones0] JSOH Qduepunqy Aureq sa1adg

ponunuod ¢ Jqe],

pringer

Ns



Exp Appl Acarol (2009) 49:45-84

58

6861 30D 9861 JJoD pue Alreqg G—¢ VSN ‘TH onAydosowr + o10x 1opun ‘uQ 18D  juepunqy qepideroe[Ayoeq ‘ds sdpjavj{yong
€961 UI0qUOYDS Aueuwion Iopun ‘uQ 1y 7°0T “ds sajayoo.1ovp
000T 30D pue SIAR( ‘8661

JJOD pue BIAY /661 JJOD PUB SpIeyory vsn ‘IH [BI9ADS Iopun ‘uQ Sid  uepunqy SBPI[aYO0IBN

6861 130D 9861 JJoO pue ARy S—¢ vsSn ‘IH onkydosouwr + o19x Iopun ‘uQ j©)  juepunqy SNLDPAIUL S2]IYI0LIDIA
DUDIILIMD
6861 10D 9861 JJoO pue ARy S—¢ VSN ‘IH onAydosow + 010x 1opun ‘uQ 18D  juepunqy QBPI[OYI0IOBIA sidsvjoyid{1o
00T SAqIRIIAl O[[1Ise) v uredg ysnq ‘pue[sseln uo Sid qepisewreSowarH “ds snspunSouavgy
200T S2q[edjy of[use) i uredg ysnq ‘pue[ssein uQ 3iq ABPIOSY -ds sn1as030.4y
snypuoLonid

8161 boropoog 1 wnigg 15310 uQ (p 97) uewny uQ QEPLIBORPOYY sdpjavjori£)
BIBWSNSOSAN
Kedap aande ‘uondejpand yoerg
00T UOSIdpUY pue Yeyosiqoy epeue) up 3id QepnozoIpAH “ds sa12204pAR
epUEqLIO
JI9)EMYSIIJ—IZe)s pajeolq ‘uondejpang

00T SqIBIlAL O[[Bs'ED) S uredg ysng uo 31 9BpIpOX]
EpIPOX]

00T SeqredAl ofused €16 uredg ysnq ‘pue[ssern uo 3id 9BpIPIqUIOL],
rlRWSNSoId

QepLIBIY 10
6007 IouuoDO vSn ‘LN 0SSy 19(q oeprydASopie  mayovz snydSjSopavy

9007 2[0me pue eqo[] BLIDTIN SPOOM uQ  UIYO ‘prezry
‘So13 ‘ysig uouwrwo)) JepLIROY 0418 SNUDIOY
erewdnsy
8661 JJ0D pue
B[IAV [66] JJOO PUB WRILIPBMIH vsn TH [BIoA9S uo 34 uog
6861 JJ0D 9861 JJoD pue Ajreg g—¢ VSN ‘IH dnhydosewr + orox Iopun ‘uQ D auog seprpodoin e-1ds
6661 Mo1Mpey) pue Suof o 8L VSN ‘0D SPOOM uo nqqey owog ds snnpojrorod
(quowr)

QOURIRJY uoseas %H:.:._OU JeliqeHy uones0| JSOH odouepunqy \A:E.mm mumooﬁw

penunuod ¢ Iqe],

pringer

AR



59

Exp Appl Acarol (2009) 49:45-84

1661 BZSSTwouIOg 2I-01 erensny A\ SPOO A pun S1d eoumnn Qwog oeprydA[SoI1L],
199p
600¢ fouuod0 vsn ‘TN uo PaIeI-AM
‘MOID “ASNOIN aou “dds prauzjag
199p
600¢ fouuod0 vsn ‘TN uo Ppafre-aly M
‘MOIO UOWIWO)) oepnewolsonsty  aou “dds smaouvuids
8661 HOD pue BlIAY VSN TH [BIoA9S uo Si4  Juepunqy SEpLIEIY
1661 JJ0D pue weleyIpemoH vsn ‘IH [BI9ADS uo Sid  uepunqy
avnuassand
6861 130D 9861 JJoO pue Aley S—¢ VSN ‘IH onAydosow + 010x 1opun ‘uQ 18D  juepunqy sn3vydosf]
6861 JJ0D 9861 JJoO pue ARy G—¢ VSN ‘TH onkydosow + orox Iopun ‘uQ D) JuepunqQy 152]12q DIUDSSDIUDS
Sid ‘Soyy ‘ysiy  uowrwo) QepLEedy 0.15 SNIDIY
eleW3nNsy
8661 HoD pue
B[IAV 1661 JJOO pUe WeIeIpeMdH VSN ‘TH [eIoAdg uo 34 juepunqy
6861 JJ0D 9861 JJoD pue ALreg ¢ VSN ‘TH dndydosowr + orox Iopun ‘uQ D Juepunqy aeprpodoin ¢-1ds
1S61 ‘ezssiuoulog 21-01 ®lensny m SPOOAM 19pun 31d eounn a3re] QepIsewen),
8661
JJOD Pu® BIIAY ‘L66] JJOD PUB SPIRYIRY vsn TH [BI9A9S Iopun ‘uQ 514 Iuepunqy oepnisereq
6661 MPIMpey) pue Suof o 8L vsSn ‘0D SPOOM uo jlqqey  uowwion
e86] 198Ing pue pio| 0I-S VSN ‘VIN Yooy uo [e9s InOogIe  UOWIWOD) ‘ds snanyooj1020g
1661 JJ0D pue wereyIpemoy vsn TH [eIoAdg Iopun ‘uQ Sid juepunqy
6861 10D 19861 JJoo) pue ALreq 5—¢ VSN ‘TH onkydosewr + o010y Iopun ‘uQ ) juepunqy o' ds snspumwsiag
00T SPqIeIIAl O[[TIseD) T uredg ysnq ‘pue[ssein uQ Sid “ds smuspang
ureleoun
9€6] UBWLINO] Kuewron 159101 uQ  esnouwr ‘mor) uonisod oTwIOUOXE],
‘morreds ‘Siy  uowwo)) epnisered  SNLIDAOIIILS SMISDADG
(gruow)
Q0UQIRJOY  UOSEIS Anuno) jelqeH uoneso| JSOH Qdouepunqy Apueq soradg

panunuod ¢ Jqe],

pringer

Ns



Exp Appl Acarol (2009) 49:45-84

60

9961 A3[sso1) pue sukeqd 8 VSN DS SPOOA uo 3id

TLOT BSEM vsn ‘g SPOOM Iopun udRIyD
8661 Py -1 VSN ‘NL amysed ‘spoopy  Jopun ‘Uo ‘uj 3oq “ds sajayo0.000p

6861 }30D 19861 30D pur Ay $~¢ VSN IH ondydosow + o1y Jopun ‘uQ ®)

BOLJY

L861 ‘9861 Yoeelg 01-1 ynog SPOOM uo efeduy
0L6] ynws pue uoiseq 01 pue[3uyg poom [[ews uQ (p L1) uewny 2DIUSAUOPIDISNUL ]
6861 JJ0D 9861 JjoD pue A[reg S—¢ VSN ‘TH dndydosowr + orox Iopun ‘uQ D snip.aut "
GL6T Yrus 01 pue[sug uapIen uQ X0 42qD]8 $2]2Y204ID

6861 JJOD 9861 JJoD pue Areg ¢ vsn ‘TH dnydosowr + orox Iopun ‘uQ L)

PUDILIIUD
+doxd ur ‘Te 10 vuOrRS 8 uredg 1S910J SNONPIOA opun (W ¢) uewny QBPI[YI0IORIA sidspjoyrdS)n
Q8861 uaeensIA pue boropoey 1 wnisjeg uQ  (w g) uewny { "ds sidspoddy
‘doxd ur ‘[ 10 eUORS 8 uredg 1S210J SNONPIIAJ opun ‘ug (W ¢) uewny Jepidefoer] 42f121nov s1dsvod
‘doxd ur ‘Te 10 vUO[RS 8 uredg 1$2I10J snonproaq wpun  (w ¢) uewny 42314 s15douoduaz
Q8861 UQensIOA pue boropa Tl wnigg uQ  (w ) uewny ({ “ds sdpjavjoooag
avavanda
‘doxd ur ‘Te 10 vUO[RS 8 uredg 1S910J Snonproadq opun ‘ug (W ¢) uewny sdpjavjo1o0.44
8661 Py -1 VSN ‘NL amjsed ‘SPOOA\  Jopun ‘uo ‘uf Soq ‘ds posy
00T SeqIeIIAl O[[lIseD) 01 uredg ysnq ‘pue[ssein) uQ Sid QepIOSY “ds sn1aso1o.ay
BJeWS31SOSAN
£KeJ9p paduBApPE ‘UOHBIUIULIDY dLIKINg
00T SqIeIlAL O[[hse) S uredg ysnq ‘pue[sseIn uo 34 9BpIpOX]
BPIPOX]
T00T SPQIBIIA OINsED  +—€°01-6 uredg gsnq ‘pue[sseID uo g 9epIpIqUIOL],
eleW3nNsold
002 ‘I8 19 sop[eury €T uredg PR Iopun ‘uQ uRIYD QepIMIBQLIQ  DXIUUOD DJNIDQLIOSLZ
00T ‘T8 19 sop[eury [ uredg PR Iopun ‘uQ uaxOIyD Jepluwin[en  vpuuadisiv] PUNIDL)
epIRquQO
(ypuow)

Q0UQIOJY  UOSEdS Anuno) je)qeq uoneso| JSOH AqrureJ soroadg

penunuod ¢ Iqe],

pringer

AR



61

Exp Appl Acarol (2009) 49:45-84

8S61 Pooy TI-1 VSN ‘NL amysed ‘spoopy  Jopun ‘uo ‘uf Soq arey «ds ¢ swydunjapy
00T SeqIBIIAl O[[1IseD) 01 uredg ysnq ‘pue[ssein) uQ Sid qepisewre3oworH “ds snspwn3owavpy
Iea[oun AjIpudpy
8661 Paoy TI-1 VSN ‘NL amsed ‘spoopy  Jopun ‘uo ‘uf Soq wnipapy QePI[[2INOdSI “ds smasouordy
00T SIqIBIIAl O[[1Ise) 01 uredg ysnq ‘pue[ssein) uQ Sid “ds snpasoup)
‘doxd ur ‘Te 10 eUORS 8 uredg 1S910J SNONPIIAJ opun ‘ug (W ¢) uewny Kuey aepipodorny  wpayopnd vijaaoqo.an
LS61 ‘ezssmuauiog TI-01 erensny A SPOOM 1opun S1d eournp a3 oepisewren),
6661 Yormpey) pue Suof o 8L VSN ‘0D SPOOM uo nqqey  uowwop
ey86] 198Ing pue pio| 0I-S VSN ‘VIN Yooy uQ [B9s INOQIBRH  UOWWO)) “ds snunyoojr020g
Q8861 UeensIOA pue boropa 8 wnidg uQ (p G¢) uewnyg  UOWWOD) SnAUDLIAIQNS "
0L6] YIWS pue uolseq 01 pue[sug poom [rews uQ (p LI) uewny uQ roydoadau g
SurSuey
‘wrod 'siod sepiog-euores Iopun uewny Kuepy
1 uredg 15910] Quld opeeq uQ  (w g) uewng [eI0AQS
Q8861 uaReNsIOA pue boropooy 8 wnigeg u0 (p G¢) uBWINH  UOWIWIOD) 1qDADD SNA1YI0]1920d
1dA37
9661 ‘[e 19 ImeIUR], 11 XV ueqin Iapun ‘uQ jiqqey  juepunqy “dds swduvooifioyq
8S6H1 Py i1 vSN ‘NL amysed ‘spoopy  Jopun ‘uo ‘uj 3oq 90180 ‘ds snspwnsiag
9961 Ad[sso1) pue suked 8 VSN DS SPOOA\ uo 3id
00T SqIeIlAL O[[hse) 4 uredg PUB[SSBID uo 31
TLOT BSEM vsn ‘AN SPOOM Jopun EE2EIL10) 9sBaldU]
8C6H1 Py -1 vSN ‘NL amysed ‘spoopy  Jopun ‘uo ‘uj Soq juepunqy “ds snusvang
SL61 s 01 puejSug uopIren up X0 w01l SNISPADG
‘doxd ur ‘Te 10 eUORS S uredg 1S210J SNONpIAQ ppun (W ¢) uewny Kuejy “ds snspuw3dv.ivg
6161 IYIZUny PUB[IOZIIMS JseD uQ (£ £'7) uewny Kuey ‘ds |, snspuno),
SL6T s 01 pue[sug uapIen uQ X0 aepnisereq 4a8nnds sapospupn)
000T 30D pue S1Ae( 8661
JJOD pue B[IAY {/66] JJOO pue spIeyory vSn ‘TH [eI0A9S Iopun ‘uQ Sid  uowwo) QBPI[YI0ISRIA
(quowr)
Q0UQIOJY  UOSEdS Anuno) je)qeq uoneso| JSOH oouepunqy AqrureJ soroadg

penunuod ¢ Iqe],

pringer

Ns



Exp Appl Acarol (2009) 49:45-84

62

$00T ‘T8 19 sopleuty 7101 uredg pIoLy Iopun ‘uQ uayoIy) sepriddo 1dvsurd viddoipapy
1661 JJOD pue wereIpemoy vSn ‘4 [eI0AQS uo i  uowwo) QepLIBORIT
8G61 Py 71-1 VSN ‘NL amsed ‘spoo 1opun 3o Mo aepriddorers) siidiq viddopaa)y
8S61 Pooy -1 VSN ‘NL amsed ‘spoop Jopun Soq Mg QePLIYIOUBIR[RIA “ds snayjouvovpy
snfnauas
‘doxd ur ‘Te 10 vUO[RS 8 uredg 1S210J SNONPIIAJ wpun (W ¢) uewny Auey epreqOIAIN sa1220YIUNUI
8S61 Py CI-1 vSn ‘NL amjsed ‘Spoop Topun soq mad
‘doxd ur ‘Te 10 eUORS 8 uredg 1S910J SNONPIIAJ wpun (W ¢) uewny Kuey Jeprisie)) dafijad snayroudinyg
epIeqLO
8661 HJOD pue B[IAY vsn ‘TH [eIoAdS uo 34  uowwo) 9epLEdY
LS61 ezSsTwauIogq TI-01 ®elensny A\ SPOO M uo ‘Iepupn) Sid eoulnn  osuourwIy oeprydA[So1L,
Jopun SepLIEdY
600 IouuoDO vSn ‘XL SIdUILd] pug 10 oepydA[Sopre]  wayovz snyd{jSopiv]
1661 3OO pue weIeNIpemoH vsn ‘TH [eIoAdS uo 3id  uowwo)
avyuaasand
6861 130D 9861 JJoD pue A[reg S—¢ VSN ‘TH onAydosowr + o1ox Iopun ‘uQ 1) UOWWo)) sn8pydof]
8961 '[e 10 dukeq 11-9 vsn DS nd [eung uo Sid  uepunqy
8661 Pooy -1 VSN ‘NL amysed ‘Spoo 1opun Soq M “ds pupssvoupsg
600 IouuoDO vsn uQ  uooddEI ‘199 Aou “ds DIUDSSPIUDS
6861 130D 9861 JJoD pue Kureg G—¢ VSN ‘IH ondydosew + o1y Jopun ‘uQ 1) uowwo) Aou “ds DIUDSSPIUDS
6861 330D 9861 JjoD pue Ay g€ VSN ‘IH 2nAydosour + orox lspun ‘uQ D  uowwon
+doxd ur ‘Te )0 vUO[ES 8 uredg 1S910J SNONPIOA pun (W ¢) uewny Kuey 1252142 DIUDSSDIUDS
6861 10D 9861 JJoD pue Aueg [ VSN ‘IH onAydosowr + 019K Iopun ‘uQ |©)  UOWWo)) “ds snydSjSowso)
9007 P[OME] pue eqo[] BLIDTIN SPOOM uQ UDIYD ‘pIezI
Sid ‘Soxy ‘ysiy  uowwo) JepLeOy 0415 SNIDIY
$00T T8 19 [[essny Kueuron juweseqg uQ (K ¢') uewnyg 990 SSeIN QEPIRWOISONSTH  SMIDWAPDIP SNI20UDICH
elRWSNSY
8661 POy -1 vSN ‘NL amysed ‘Spoopy  Jopun ‘uo ‘uf Soq ey QBpINOdIY ‘ds uoouaz
Jepisewe3o[Q
8G61 POy -1 vSN ‘NL amysed ‘Spoopy  Jopun ‘uo ‘uf Soq ey 10 QePLIBOBPOYY -ds snjjasvwpn
(quour)
QOUQIOJOY ~— UOSBAS Anuno) je)qey uoneds0| JSOH oouepunqy Aqrureq soroadg

penunuod ¢ Iqe],

pringer

AR



63

Exp Appl Acarol (2009) 49:45-84

6861 JJ0D 9861 JJoD pue ALreg ¢ vsn ‘TH dnydosowr + orox Iopun ‘uQ jed  uowwopn
1661 30D ¢ VSN TH Surgior) [os (P €5) upwny  uowwo) snip.ou "
Q8861 uaReNSIOA pue boropooy 9 wnisjeg up (w ¢) uewny uQ 42qD]8 $2]2Y2010D Y
6861 JJ0D 9861 JJoD pue Kjreq VSN ‘IH dnydosewr + orx JIopun ‘uQ D uowwon
DUDILIIUID
1661 30D ¢ vsn ‘H Surpor) [lo§ (P £6) UBWINY  UOUILOD SEPI[AYI0IEIA sidsvjoyddjo
8661 Py -1 VSN ‘NL amysed ‘spoopy  Iopun ‘Uo ‘uy 3o ey “ds ¢, swyduaw
8681 INON vSn ‘Od QARID) uQ (A7) uewnyg  UOWWO)) “ds (swydj) sdvjovy
8681 TPNON vsSn Dd QARID uo (w ¢) Soq  uowrwo)
(& 0£-00)
8681 10O vsn ‘Od QARID uQ uewWwINg ~ UOWWOD) “ds sidspodqpy
8681 IO vsn ‘Od QARID) ug (A []) vewny  uowWWO) qepidefoe] “ds sidsvisojoyy
L681 PANSUI[[IA pUEB UOISUyof epeue) up uewny  uoWWwo)
(eeprpodoip))
681 UIUSIN ERIAR Ie[[oD ur ‘a9 (£ 1<) uewny SPELIAIA QepIyoAulq  Mawn.Ly SnyoKurporay
BIRWSSOSAA
agde)s [eaaYs ‘uonisodwoddp Liq
00T SqIeIlAL O[[Bs') 4 uredg ysng uo 31 9BpIpOX]
8S61 Pooy TI-1 VSN ‘NL armysed ‘spoo Iopun Soq Mg QBPIPOX]  S11GDLIDA LOJUIIDULII(T
BPIPOX]
00T SqIeIAL o[[hse) ol uredg ysnq ‘pue[sseIn uo 34 QeplIpIquioL],
8661 Paoy -1 VSN ‘NL amsed ‘spoop 1opun Soq Mg seprpodng dofvur snapyuag
9961 Ko[ssor) pue oukeq 8 VSN ‘OS SPOOA uQ 3iq oeproeIyAIg ‘dds snydog
elew3nsoid
8561 Py ZI-1 VSN NL amsed ‘spoop JIopun Soq M4
8661 Py -1 VSN ‘NL armsed ‘spoopm Tepun) Soq Mmag
000C J0D pue siaeq vsn TH [BIoA9S uo Sid  uowwo) "dds epnequo
00T 'Te 19 sop[euly =01 uredg PP Iopun ‘uQ EENCIT ) QepImEeqLO S1viqH vIMPqLO
(quowr)
Q0UQIOJY  UOSEdS Anuno) je)qeq uoneso| JSOH oouepunqy AqrureJ soroadg

penunuod ¢ Iqe],

pringer

Ns



Exp Appl Acarol (2009) 49:45-84

64

Jepisewe3o0[Q 10

8661 POy 21-1 VSN ‘NL amjsed ‘SpPOOA\  Jopun ‘uo ‘ug 3oq arey QEPLIBOBPOYY -ds snjjaspuno
Ieapoun Amuop|
8G61 Py 71-1 VSN ‘NL amsed ‘spoopy  Jopun ‘uo ‘uj 3oq wWnIpIA QepI[[2IN0SIq ‘ds smasouordy
8G61 Py 21-1 VSN ‘NL amsed ‘spoopy  Jopun ‘uo ‘uf 3oq 0180S epressy ‘ds posy
8661 30D
PU® B[IAV [66] JJOO PUe WeIeNIpeMdH VSN ‘TH [eIoA9S uo 34 uouruoy
6861 JJ0D 9861 JJoD pue A[reg §—¢ VSN ‘IH onkydosewr + oxx lspun ‘uQ &) uowon
1661 30D §—¢ vsn ‘TH Sunor) [os  (p €6) uewny  UOWWO) aeprpodoin ¢-1ds
8681 IoNON VSN ‘Oa QARID) uQ (w ¢—¢) Soq@  uowwo) “ds ppodo.n)
Teapoun Amuop|
8681 TNON vsn ‘0d QARID) uQ (£ /—¢) uewny  uoWWO)) aeprpodoin vssaidap vpodo.p)
681 UIUSIN S ERlIAR | ur ‘uQ (A ¢) uewinyg  woWWOD) epnAyoel], SMIDUIUNID SN12S04[)
6661 JYOIMPEYD pue Suof o 8L vsn ‘0D SPOOM uo Nqqey  uowwon ds snunoojr204
SL61 uosuyof = vsn I 1s910J jeQ uQ ,s[ewiue [ewg juepunqy
8C6H1 Py i1 vSN ‘NL amsed ‘spoopy  Jopun ‘uo ‘uf 3oq 0180 Jds snspuwsiag
SL61 uosuyor - vsn I 1s910) yeO uQ ,S[ewiue [ewg  uowwon
8S6T Py -1 VSN ‘NL amysed ‘spoopy  Iopun ‘Uo ‘uy Soq juepunqy ‘ds snuspavg
8681 INON vsn DA QABID uo (w ¢) Soq  uowwo)
& 0r-0¢)
8681 INON VSN ‘Od QARID uQ uBRWNYg  UOWWOD) aepnisereq ‘ds |, snspuipo),
6861 330D 9861 330D pue A[req g€ VSN ‘TH 2nfydosewr + orox lepun ‘uQ gD uowwon
1661 30D € VSN'H Burgory [0S (p €§) Uewny  UoOWWo) aepidejor[Ayoeg ds sdvpovdyond
000T 30D pue siae( 8661
JJOD) puB B[IAY /661 JOD PUe SpIeyory VSN ‘TH [BI9A9S Iopun ‘uQ Sid  uowwo) QERPI[OYIOIOBIA
SL61 uosuyor L= vsn I 1s910) jeO uQ ,S[ewiue [ewis juepunqy
8S6T Py i1 VSN ‘NL amjsed ‘spoopy  J9pun ‘uo ‘uf Soq juepunqy “ds sajayo0.100
L861 ‘9861 Yoeerg 01— BV WS SPOOM uo e[eduy uos
6861 130D ‘986 JJOO pue Apreq G—¢ VSN ‘TH ondydosow + orox Iopun ‘uQ 1)  uoWwo)) DI1SAUOPIDISNUL “ I
(ypuow)
QOUQIOJOY — UOSEdS Anuno) jeqey uoneso| JSOH oouepunqy AqruueJ sa10adg

penunuod ¢ Iqe],

pringer

AR



65

Exp Appl Acarol (2009) 49:45-84

681 UIUSIA 1 Qouel Snoy uQ (A 1) uewny  o1e1 AIOA
681 UIUSIN Qouel 9snoH uQ (£ g—,) uewny juepunqy
(W g-¢)
6L81 [opienolg 1 QouRL] ueqin ur ‘uQ uewny juepunqy 4018u0] sndvydo.l],
8661 Py -1 VSN ‘NL amsed ‘spoo Ipun Soq M -ds prupsspoung
600C Iouuo)O vsSn uQ  U00ddeI ‘I Aou “ds pruvsspoupg
6861 10D (986] }JOO) pue Apreq G—¢ VSN ‘TH ondydosow + orox Iopun ‘uQ 1)  uowwo) Aou “ds pruvsspoupg
6861 330D ‘9861 JjoD pue Apey §—¢ VSN ‘IH 2nAydosour + o1ox lopun ‘uQ jeD  uowon
Q8861 UdeENSIOA pue borsjoo 1 wnisfeg uQ (W ¢'¢) uewny  juepunqy
Q8861 UdQENSIOA pue borsjoo 9 wnidfog uo (w ¢) uewny 8L
681 UTUSIA QoueL] 9SnoH uQ (£ g—,) uewny juepunqy
(w 8—¢)
6L81 TopIenoig I QoueL] ueqin ur ‘uQ uewny juepunqy 1252142 DIUDSSDIUDS
$681 UTUSIA QoueL] [euung ‘uopreny  Aqi[ jo sqing (£ ¢—¢) uewny ~— uowwo))
681 UIUSIA 01 Jouel] ueqin uo (A7) uewny  juepunqy
sndounyoa
681 UIUSIN uel] Ie[[dD ur ‘uQ (K 1<) uewny SpeLIAIN snydKpSoziyy
6861 30D (986] JJOoO) pue Apeg G—¢ VSN ‘IH onAydosow + 010x 1opun ‘uQ 1)  uowwo) “ds snydKjSouso)
“ds
8681 INON vSn ‘Od QARID) up (£ ¢) uewny uowwo)) (snyd{1304£]) snivoy
900C 2[oMB] pue BqO[[ BIISIN SPOO A uQ UOIYD ‘pIezI
Sid ‘Soxy ‘ysiy  uowrwIo))
681 UIUSIN QoueL] Ie[[RD ur ‘ug (£ 1<) uewnyg SpelAI
$681 UTUSIA S QoueL] ey ur ‘uQ (A ¢) uvewinygy  uoWWO)) o418 "y
600¢ 10uuopdO vSn ‘HO uo 00238y
$00T Te 19 [[ossny Auewon juowaseq uQ (K ¢7) uewnyg — uowwo)) QepLEOY sij1qout] SNAPIY
erewdnsy
8661 POy 21-1 VSN ‘NL amjsed ‘SpPOOA\  Jopun ‘uo ‘ug Soq ey QePIUOdOIdY “ds uoouayz
(yruowr)
QOUQIOJOY — UOSEdS Anuno) jeqey uoneso| JSOH oouepunqy AqruueJ sa10adg

penunuod ¢ Iqe],

pringer

As



Exp Appl Acarol (2009) 49:45-84

66

6861 330D 9861 330D pue A[1eq g—¢ VSN ‘IH 2nydosowr + orox lepun ‘uQ &)  uowwon
1661 330D g€ vSn ‘H Suror) [og  (p €6) uewnyg  uOWWO)
Q8861 URensIdA pue boropooy 9 wnisjeg up (w ¢) uewny uQ “ds putoisousiy
Q8861 URensIdA pue boropoay 9 wnigg uQ (w ¢) uewny om], 18YoDS "I
J[qestuSodaun
1681 QANQUI[[IA pUB UOISUYO[ epeue) up uewiny  uowwo)  ‘sdroads 9ysodwo)
$681 UIUSIN ERlAR | uQ uBWINg ~ UOWWOD) sn8vydo.oau "[
1681 QANQUI[[IA pue UOISuyor epeue)) uQ uewnyg — UOWWOD)
$681 UTUSIA QoueL] uQ uewny — UOWWOD) QEPIIBWO)SOISTH  WUNIDIUOID[ DULOISOUSIE]
LOOT [& 32 NI vsn ‘TN pawequig uQ (£ g7) uewny a5re] aeprSeydLok[n
681 UIUSIA Qouel] uQ uBWNY ~ UOWWOD)
$681 UIUSIN I Qouel] IsnoH uoQ (A 1) uewinyg  orer A19A qep1SeqdLok[D .101on1is9p snSvyd o0
8661 30D pue e[IAY vsn ‘TH [eIoA9S uo Sid  uowwo)
(rowrwns)
7661 UdQensIop pue boropoy 01 ERlAR | sdry uewny M9  oepuedoy
Ieopoun Amuopy
(& 1.-00)
8681 INOIN VSN ‘Oa QARID) uQ uewnyg — UOWWOD) “ds (sndodAy]) ‘I
$681 UTUSIA 9 QoueL] ueqin uQ (A7) uewinyg  uowwo))
681 UIUSIN [ ERlitA® | ISnoy punore ‘u9Q (W g[) UBWINH  UOWWOD) “ds sn§pydo.l]
1661 JJoD pue WeleyIpemoH vsn TH [eIoA9S uo Sid  uowwo)
6861 JJ0D 9861 JjoD pue A[reg S—¢ VSN ‘IH dnAydosour + orox lspun ‘uQ &) uowon
1661 30D g—¢ vsn ‘TH Sunpor) [os  (p €6) ueWNy  UOWWO)
$00T ‘T8 19 [[ossmy Auewron juowaseq uQ (£ ¢7) uewny juepunqy avnuadsand
1681 QANQUI[[IA pue UOISuyof epeue) ur ‘uQ UBWINH ~ UOWWOD)
8681 UIUSIN ERlAR | yuny ‘9snoy uQ uewny SPELIAIA
681 UIUSIA Qouel Ie[[2D ur ‘ug (A 1<) uewny SPeRLAIN
681 UIUSIN S QoueL] reany ur ‘uQ (A ¢) uvewinyy  uowWWIO))
(quowr)
QOUQIOJOY — UOSEdS Anuno) jeqey uoneso| JSOH oouepunqy AqruueJ sa10adg

penunuod ¢ Iqe],



67

Exp Appl Acarol (2009) 49:45-84

$681 UTUSIA ERIAR Ie[[oD uQ (A 1<) uewny  Juepunqy epnafkay) snipnaa sna)ay)
rlRWSNSOIg
CL6T NsEM vsn ‘VIN SPOOM lepun uayoIyD asealou]
8661 P9y (45! VSN ‘NL amysed ‘spoop Topun Soq mad
000T HoD pue staeq VSN TH [eIoADS uo Sl uowwo) "dds epnequQO
8S61 Pooy -1 VSN ‘NL amsed ‘spoop Iopun Soq M3 QEPLIYIOUBIB[RIA “ds smayrouvovppy
1661 JJOO pue WeIeIpeMOH vSn ‘IH [eI9AQS uQ Sid  uowwo) QepLIBORIT
800 T 10 I1ssowmno X Suesnog ¢—¢  uoolowe) sndure) uo L | o d Jepnezojdey
uQ S[EWIUE JO UD[S  UOWWO) Jepnezojdey pdds sazoz0.150y
6861 JJOD 9861 JJoD pue ALreg ¢ vsn ‘TH dnydosowr + orox Iopun ‘uQ L) awog oepruwnfen
8661 Py 711 vSN ‘NL amsed ‘spoop 19pun 3oq MO sepriddojerd) siidiq viddopaa)y
8G61 Py Z1-1 vSn ‘NL amsed ‘spoop Jopun 3oq Mg Jeprsiue) 4afinjad snayjoudin)g
8681 N0 vsSn Od JARID uQ uPWNY  UOWWOD) oepueoernydng  ds (vuif) vioydojdogy
€00T 'Te 12 o[[on31y-o3[epiH uredg quog, surewoy uewny oepueoeoydy  snunpop snipovjaydy
epHeqLO
6861 330D 9861 oD pue Ajreq S—¢ VSN ‘IH onkydosow + orox Iapun ‘uQ ') UOWWO)
DIDLISOSAIASUD.LY
1661 30D ¢ VSN TH Surgior) [0S (P €5) UsWINH  UOWWOD  SePIIPIUYISIONUIAM vrysurdsuaz)y
600¢ IouuopO vsn uo uoosey
6861 JJOD 9861 JjoD pue Areg S—¢ vsn ‘[H dnydosowr + orox JIopun ‘uQ ') uog MaYyovz ]
0661 Ioyeqg Elitie) AwrwunjAp JU2)U0d N5 uewny SNs012s1SNQO. "]
0L61 Aysaopey JUAUOD JND) QepLIBIY 10
18ysa0pn.a
0661 1PYeqg VSN ‘AN AwrwunjAp ‘SIATRd uewny seprydA[Sopre snydKjSopavy
8661
JJOD pu® BIAY :L66] JJOD PU® SpPIRYIRY vsn TH [BIoA9S Iopun ‘uQ 3id  uowwo) QepNEWOISOISTH
6861 30D 9861 JJoD pue Areqg G—¢ VSN ‘TH onAydosowr + o10x Iopun ‘uQ 1®) Qwog ds ¢ smppounidpy
(quowr)
Q0UQIOJY  UOSEdS Anuno) je)qeq uoneso| JSOH oouepunqy AqrureJ soroadg

penunuod ¢ Iqe],

pringer

Ns



Exp Appl Acarol (2009) 49:45-84

68

700T UosIEA\ VSN ‘v uo  Sid oSy
‘I99p ‘Iedg uowrwo)) aepnisereq
900C JorqoH pue Suof o 8L vsSn ‘0D PP uo ey  uowwon “ds snayoopoa0d
0L61 SUIoD 71-8 pue[Sug pueysse1s ‘asdo) Jopun ey 9seaIRq
0L61 SUI[oD 71-8 pue[Sug puegsse1s ‘osdo) uQ ey  SpaIpuny ,'ds snspwSiag
$00T JWALS] PUB ZOIMOPZBIMD 8 puefoq 18910§ I3P[Y uQ  [eWIUE [[eWS Mg sadissp.ao snspwpSiag
Juewny
6261 BI04 uQ ‘[eI0UAD) smppoanf sidivovapg
SMIDADIDD
$00T JWY] PUe ZOIMOPZEIMD) 8 puejod 15910J I9P[Y uQ  [ewIuE [[ewg Mg sniispapdojog]
$00T JWLS] PUB ZOIMOPZBIMD 8 puejoq 18910J I9P[Y uQ  [ewIue [[ews M oepnisered  SLDUN] SNSPUWDSIULOD)
Juewny
6261 BHOg uQ ‘[eI0UOD) aeprsdoude[o)  smppidsno sisdouanja)y
Juewny
6261 BHO4 uQ ‘ferouan) snjydoyipuvyy g
$00T JWALS] PUB ZOIMOPZBIMD 8 puefoq 18910§ I3P[Y uQ  [ewWIUE [[ewS RN oepruoidyg sijjowt snordy
©JRWS1SOSAN
Jge)s pouruLIdjIpu
9961 Ao[ssox) pue dukeq 8 VSN DS SPOOA uo 3id
8661 Py 711 VSN ‘NL amsed ‘spoop Jopun Soq Mg QBPIPOX]  S1IGDLIDA A0IUIIDULID(]
BPIPOX]
SL61 uosuyor [ vsn I 1s910) jeO uQ ,S[ewiue [ewl§  UoWWOo? Qepliplquiol], ds wniprquiod],
8661 Paoy 711 VSN ‘NL amsed ‘Spoop Jopun) Soq MO sepipodng dolvut snappyjua g
9961 A9[sso1) pue sukeq S vSsn ‘OS SPOO A uoQ Sid JeproeyArg “ds snavayilig
1d43g
9661 'Te 12 Imeue], 8-/ ‘BLIPUBXJ[Y ueqin Iopun ‘uQ jqqey  juepunqy epnsAuy Aou “ds smuwojos.av ]
€002 ‘Te 10 o[[on3ry-o3[epIH uredg quoJ, SUTRWY uewny BOPIOWAUOSIE ],
€00T 'Te 10 o[fen3ry-oS1epH uredg quog, Surew oy uewnyg aepidijodepog
(yruowr)
QOUQIOJOY ~— UOSBAS Anuno) je)qey uoneds0| JSOH oouepunqy Aqrureq soroadg

penunuod ¢ Iqe],

pringer

AR



69

Exp Appl Acarol (2009) 49:45-84

S[ewuew
096] BAQ[OIOY pue BA0JITAIg ASSN uQ [rewrs
8861 uosoquyg pue NeAH eruenyIry up JJOA (ns1jauw=) avyvpu "y
UuoLLIBD
000T Aepijeq BI[RNSY 18910, uy ‘pmbs ‘ysig 120dmorlyu
8861 IOYBIYM pue ZjUBIH vsn ‘LN uo [CELEVN sniaoul "
€661 UBSEIN LS ‘v BIYBAO[S uQ 199p 20y [BIOARS dnoi3 sisuayyapoSv) "W
000Z AeprireH elfensny ur uoLLre? sy W
8861 INBIYA pUe ZJuery| vSn uQ SIUAPOY N ds sajayo0.000p
0L61 SuIo) 71-8 pue[suyg pue[sserd ‘osdo) uQ jey  Sspaipuny QEPI[OYI0IOBIA “ds sajayo0.000p
L661 30D Pue spleyory vsn TH [BIoADS PaIBIOOSSY g auwog
0L61 Sul[joD 71-8 pue[3ug pue[sseid ‘osdo) Iopun 1’y asearou]
861 T 19 [[°qV 89 VSN VN SPOOM Iopun ‘uQ opny,  A5re[ ‘9p] aeprdejoe]
pnoA
(sdpjavjowso))
$00T JWS] PUB ZOIMOPZBIMD) 8 puejod 18910J 1PV uQ [ewirue [ews Qwos Jepidefoe| sidsvod{y
8661 JOD pue BlIAY vsn ‘IH [BIoADS uo 3id auwog aseprydiag
861 T8 19 [[°qV 89 VSN VN SPOOM Tepun) opng,  Sursearouy aepriuk3ordiq
861 T8 19 [[°qV 89 VSN VI SPOOM Iopun PN, [0NUOd SV aeprffasewesI(
8661 HOD pue B[IAY VSN TH [eIoADg uo g awog aeprfjasewesi(
8661
JJOD Pu® BIIAY 1L66] JJOD PUB SPIRYIRY VSN TH [BI9A9S Iopun ‘uQ g auog 9BPIOSY
VER ICYITIERZ)
$00T I PuB ZOIMOPZRIMD 8 puejod 15910J I9P[Y uQ  [ewIue [[ewsg Qwog sisdouoduaz
6861 30D 9861 JJoD pue Areqg G—¢ VSN ‘TH onAydosowr + o10x Iopun ‘uQ ®) Qwog aou “ds sdpjavjoroog
00T JWLY PUB ZIIMOPZRIMD 8 puejod 15910J I9p[Y upQ  [ewUE [[RWIS Qwos snqq18 uod.uazoprydy
00T JWRY PUB ZOIMOPZBIMD) 8 puejod 15910J I9p[Y uQ  [PWIUE [[RWS Mg 40]021q SapO]1aSPUIDD)
6861 JJ0D 9861 JJOoO pue ARy S—¢ VSN ‘IH onAydosow + o1ox Iopun ‘uQ 1’y Qwos BPIOSY DIUDLD DISY
000C 0D pue stAeq 1 VSN TH [eI2A9S uo g awog eplsewe])
(ypuour)
Q0UQIOJY  UOSEdS Anuno) je)qeq uoneso| JSOH oouepunqy AqrureJ soroadg

penunuod ¢ Iqe],

pringer

As



Exp Appl Acarol (2009) 49:45-84

70

0L61 SuIoD 718 pue[Sug pueysses3 ‘asdo) 19pun jBy  9seaIRQ epnoznyg
900C ¥orqoH pue Suof o 8L vsSn ‘0D PP uo i Quo Seplaeulaly
0L61 suIoD 71-8 pueSug puersseis ‘osdo) Iopun 'Y  9sBAIR(
7861 T 19 [[PqV 89 VSN ‘VIN SPOOA\ Iopun) opangy, Sursearouy QBPIIAZOIRID))
0L61 SuIoD 71-8 pue[Sug puessels ‘osdo) 19pun jBy  9seaIRQ Jeprudiyoy
vpIRqLO
0L61 SuI[o) 71-8 puejSug puesserd ‘asdo) 1opun ey 9searndq elRWINSY
ROLIJY QBpLIBOY
9861 Yoeelg 01-1 Inos SPOOAM uQ eredwy owog 1o oepydA[Sopre] “ds snydjSopany
7861 e 10 [[PqV 89 VSN ‘VIN SPOOM Tepun P [oNnuod sy SEpLIEdY
BlRWSNSY
00T WY pue zdImopzeimn) 8 puejod 1S3I0J I9pIVY uo [ewrtue [[ewS MIq QePIuOdIdZ o0y U0ILI204d
000c
330D pue SIAR( L66] JJOO PUB SPIRYIRY VSN TH [BI9AG uo Sid awog SEPIESIOA
007 WY puB ZOIMOPZRIMD) 8 puejod 18910J 1PV uQ [ewirue [[ews Mg epreSIoA S1SUDLOWIU DIDSIIA
0L61 SuIo) 71-8 pueSug puesserd ‘asdo) Iopun LN | aseaIou]
861 T8 19 [[°qV 89 VSN ‘VIN SPOOM Tepun SpIML  [oNnuod sy seprpodoin
007 JWATY PUB ZOIMOPZRIMD) ] puejod 1S910J PV uQ [eWIUR [[PWS [BI0ARS qepnAyoe1y, 030430 $AIKYIDVL]
0L61 suI[oD 718 pueSug puesse1s ‘osdo) Iopun 'Y  9sBAIR( QBPLIRORPOYY
L661 JJOD pue spIeyory vSsn ‘H [eIoAdS PaIRIo0SsY Sid auog QepIuIopod
861 T8 19 [[°qV 89 VSN ‘VIN SPOOM Topun ‘reg opng,  Susearouf sepresolfyd
6861 JJ0D 9861 JJOO pue Aleg G—¢ VSN ‘TH onAydosowr + o1ox Iopun ‘uQ %) Qwog Qepraso) Yy Sisuanpmpy sn1asoilyd
L661 30D pue spreyory vsn TH [eIoADg PAIBIOOSSY Sid awog aeprdseoyered
1661 JJOD pue spreyory vSN ‘TH [BI2ARS PAIRIOOSS Y Sid Bl (N Jepisewre3o[0
0L61 SuI[oD 71-8 pue[Sug puessers ‘osdo) 19pun 1.y aseaIou] QBPI[OYI0IOBIA
000¢ AepieH elfensny uo pmbg smpjassar W
000 AepreH eIensny uo pmbg 10ds "
0007 AepreH eI[RISNY uQ dexn worre) wn.10y2ad gy
(quowr)
QOURIRJY uoseas %H:.:._OU JeliqeHy uones0| JSOH odouepunqy \A:E.mnﬁ mDMOOQM

penunuod ¢ Iqe],

pringer

AR



71

Exp Appl Acarol (2009) 49:45-84

8661 0D pue BlIAY vsn ‘IH [BI9A9S uo 3id auwog aepireoeudiog,
rlRWISNSOapUY
0L61 SuI[o) 71-8 pueSug puersseis ‘asdo) Iopun) ey esearndg ejewSnsold
8661 HOD pue B[IAY VSN ‘TH [BIoA9S uo g owog BOPIOWISUOSIE ],
6861 130D (9861 JJoD pue ALreq G—¢ VSN ‘TH onkydosow + orox Iopun ‘uQ 1®) Qwog QBpLIBOBINOS
L661 30D pue spleqory vsn ‘IH [BI9A9S PaJeIo0ssy 3id auwog
7861 e 1@ [[PqV 89 VSN ‘VIN SPOOM Tepun) opny,  Sursearouy QEPIIPISEYY
8661 HOD pue E[IAY VSN TH [BI9A9S uo 31 awog
6861 130D ‘9861 JJOO) pue Apreq G—¢ VSN ‘TH ondydosow + orox Iopun ‘uQ 1) Qwog sepuoydowSAg
BOLJY
9861 Yoeelg 01-1 ynos SPOOM uQ ereduy Qwog sepuoydow3Ag ‘ds snioydowSLg
L661 30D Pue spIeyory VSN T [BIoADS PaIBIOOSSY g auwog aeprpodng
8661 HOD pue BlIAY vsn ‘IH [BIoADS uo 3id auwog
6861 JJ0D 9861 JjoD pue Kjreg S—¢ VSN ‘IH dnhydosewr + orox Iopun ‘uQ D auog sepnoukaryg
6861 10D 9861 JJoO pue A[req G—¢ VSN ‘TH onkydosouwr 4+ o019y Iopun ‘uQ 1®) Jwos Jeprxeun) “ds vxpun)
8661 HOD pue E[IAY VSN TH [BI9A9S uo g awog depriqoroures
L661 30D Pue spIeyory vSn TH [BIoA9S PaIBIO0SSY 3id auwog 9epI[opyg
900€ ¥oeqoH pue Suof o 8L vSsn ‘0D PIo uo ey Mmag sepuskuy
Juewny
6261 BHOq uQ ‘[eIouan) oepoeIAlg  snsopnqos snavayikig
rlRWSNSOI]
0L61 SuIo) 71-8 pueSug puesserd ‘asdo) 1opun ey 9searndq JeprneqLO
0L6T SUuIoD 718 pueSug puersse1s ‘osdo) 1pun jBY  9sBAIR(Q qepriiddp
0L61 SuI[oD 71-8 pueSug puersse1s ‘asdo) Iopuf) ey esearndg
861 e 19 [[°qV 8-9 VSN ‘VIN SPOOM lopun ‘uQ opIny [rews ‘¢ SEPLILION
0L61 SuIo) 71-8 pueSug puesserd ‘asdo) Iopun ey 9searndq epEqOIAIN
7861 e 1@ [[PqV 89 VSN ‘VIN SPOOM Topun ‘reg spng,  Sursearouf depriuoyyoodAy
7861 e 39 [[PqV 89 VSN VN SPOOM Iopun ‘reg opng,  Sursearduf oepruwnien
(tpuour)
Q0UQIRJOY  UOSEAS Anuno) jeqey uoneso| JSOH 9ouepunqy Aque,g soradg

penunuod ¢ Iqe],

pringer

Ns



Exp Appl Acarol (2009) 49:45-84

72

(SL61 uosUYO[) SISLOIED [[€ UO punoj sayw cwnssodo Jed JIqqer [1ejuanod aquaan( ‘[arnmbs xoj ‘[arnmbs o138 :spewue [ews |

1STS0]0IBOR-UOU B 10] SI1adS SMISDAD 10 SNNYI0]19204 HIM PUNOJu0d 0} Ased A1oA osfe st snuag sty[, “suoniodoid oSny ur o1enuaoU0d 01 SNUag STy} ur sa1dads Joj [ensnun ST

SOSEOIED M PAJRIOOSSE 10 UONISOdUWOOAP [BWIUE UT PAAJOAUT SULq SAI0AdS SO0ZONSOY 10 AOUIPIAD OU ST XA} ($3)ISQIM UO $110dI SNOSUOLIY |,

1S130]0IBOR-UOU © 10] SIS $NIISDADG 10 SNA1YI0]19204 )M PUNOJUOD 0} ASed A19A Os[e st snudd siy], “suontodord a3ny ur 9)enUAOUOD 0} SNUF SIY) UT $10ads 10] [ensnun ST |

suontodord o3ny ur 9)enuAdU0d 0} SNUAF SIY) UT $A0ads 10y [ensnun STI[

uonisodwodap Jo safers 1aje] Sutmp Jussaid osfe aIe Inq SATW FUIPIY-poo[q aIe a5y ‘sorfdwr Sweu AY) SY

UwWnjod UOSEas Y} Ul PAISAOISIP sem 3sd10d dy) yjuow dy) pue uoneuIsop IS0y JO Uwnjod ay) ur sasayjuared Usam)oq UAIS SI [BAIUI WwoW Jsod pajewnse

Ay} ‘sasdIod urwNY JO SASEO M B 104 "9sedored Jod suowroads UOI[[IW [BI9AS O) PUBSNOY) PAIpPUNY [BI2AdS 192dx9 JYSIu Quo uepunqe dre sAJIW J] "sIoyine 2y Jo SuIpiom [eulSLIo
Ay} MO[[0] 0) SLN} dduEpuUNqe Jo uondLdsap Iy, “oSe)s SUO UBY) AIOW UI JUBUIWOP SI $319ads Y} $SI[UN 9[qe) YY) Ul PapIodal Jou ST saFe)s Juddelpe asay) ur aouesald ay) ‘AyLre[o asearour
o], "o8e3s juenbosqns pue Surpaoaid jusese(pe oy Ul SIqUINU JOMO] UT PIPI0IAI Os[e a1k Jnq uonisodwooap Jo aSess o[Suls e ur Jeurwiop exe} Jo saroads sayru sefnonred ‘syodor Auewr ug

00T UOSIE M\ 7l vSn ‘V1 uQ Ieag M QBPIPOX]  S1]1GDLIDA LOJUIIDULII(]
epIPOX]

(puowr)
QOURIYY uoseas Anuno) jeNqeH uonedo0| JSOH 9ouepunqy AqruueJ sa10adg

penunuod ¢ Iqe],

pringer

AR



Exp Appl Acarol (2009) 49:45-84 73

fly maggot activity also renders the medium of the carcase alkaline, which is detrimental to
the beetles. By reducing the amount of blow flies, the mites create a habitat more suitable
for their phoretic hosts. However, this line of reasoning of a strictly mutual interaction is
increasingly being questioned by acarologists. Poecilochirus mites might feed more on the
carcase than on the blow fly eggs. Poecilochirus davydovae has now been recognized as a
specialist predator feeding on the eggs of its beetle carrier, Nicrophorus vespilloides
(Blackman 1997).

Some mite species will end up at a carcase as incidentals, as species that use the corpse
as a concentrated resource extension of their normal habitat; springtails (Collembola),
spiders (Araneae), centipedes (Chilopoda), and wood lice (Isopoda) fall also in this cate-
gory. However, mites as incidentals might be a minority group. Many mite species arrive at
a carcase through phoresy on a necrophagous or necrophilous insect. The phoresy is often
highly taxon specific. Many mite species arriving by phoresy are likely the product of
evolutionary adaptation to a specialized food source and habitat, the opposite of incidental
(Athias-Binche 1994; Perotti and Braig 2009b). But if mites are incidental, they might
become the centre point of trace analysis in a forensic setting.

Oligospecific infestations

The importance of mites on carcases becomes even more pronounced under conditions of
concealment or expedited dehydration, when the normal succession of arthropod waves is
disrupted. Such situations often occur indoors. Carcases then decompose often completely
under the action of a single or a few species of insects or mites. Insect species recorded in
mono—or oligospecific infestations of human remains include the grey flesh fly Sarcophaga
carnaria (=Musca carnaria; Sarcophagidae; Bergeret 1855), the brown house or false
clothes moth Hofmannophila pseudospretella (=Borkhausenia pseudospretella; Oeco-
phoridae; Forbes 1942), the corpse fly Hydrotaea capensis (Muscidae; Turchetto and Vanin
2004) or beetles. A case published by Schroeder et al. (2002) found that the leather or hide
beetle Dermestes maculatus (Dermestidae) had almost skeletonised an indoor corpse in
Germany within 5 months. A similar situation might have occurred involving the larder or
bacon beetle D. lardarius in Denmark and the USA (Voigt 1965; Lord 1990). The first
forensic case where mites have been used to estimate a post mortem interval involving a
mummified corpse of a new-borne baby girl is also a case where one or two mite species
were the only arthropods found on the corpse other than larvae of the grease moths Aglossa
spp. (Pyralidae) (Brouardel 1879; Perotti 2009). The sprinkling or injection with lead
arsenate of two human corpses found in the French Alps not only misled police dogs, but
also prevented practically any insect infestation (Leclercq and Verstraeten 1992). The lead
arsenate did not stop the bacterial decomposition. The bodies were mummified possibly
through the effect of a dry and hot summer. With the exception of a very few fly larvae of
miniscule size, the corpses carried only mites of the family Acaridae (=Tyroglyphidae), and
even the mites were not in great numbers. In a more recent case reported from Germany, a
child corpse found wrapped in plastic in a basement of a home was only associated with a
mass occurrence of mites (Russell et al. 2004; OConnor 2009).

Human corpses may be mosaics

To assign a human corpse or any large carcase to a certain stage of decomposition might not
be as straightforward as might be expected, especially, if the carcase is considered from an
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ecological point of view. Human body parts may be covered to varying degree with clothing
that can have a drastic impact on decomposition. Exposed body parts like the face and hands
might be skeletonised whereas clothed parts might still have most of the soft tissues in active
or advanced stages of decay. Other parts of a carcase might develop adipocere or grave wax
and enter a stage of mummification. This might be the case as much for an exposed body as
for a body buried in a coffin. Particularly, woollen socks used to dress corpses in coffins
have regularly delayed decomposition of soft tissue parts to a large degree. Clothed parts
remained delayed in decomposition or preserved when exhumed after two or more years
(Hunziker 1919). A human corpse sometimes might represent a mosaic of different stages of
decomposition occurring simultaneously rather than a neat single stage. Often it is then just
the biggest body part or the body part most advanced in the process of decomposition that
determines the stage of decomposition represented in reports or in listings. The arthropod
fauna present on such a corpse will reveal an increasing diversity the more carefully it is
investigated. The more elaborate the clothing or other means of concealment, the stronger
the impact on the decomposition process.

The influence of clothing, wrapping and physical trauma such as knife wounds on the
decomposition and arthropod succession has been studied in detail with pigs in central
South Africa (Kelly 2006). The presence and absence of Acari during decomposition was
recorded but not systematically analysed. A recent case of a child whose corpse had been
wrapped in a pullover and plastic bag and hidden in a basement is illustrative (Russell et al.
2004). A water film formed on the inside of the plastic wrapping that generated a habitat
characteristic of liquid decomposition at the transition between bloating stage and active
decay. This liquid environment supported the mass occurrence of Myianoetus diadematus
(Astigmata). At the same time, the rest of the body was at an advanced stage of decom-
position characterised by the astigmatid mites Tyrophagus putrescentiae and Acarus im-
mobilis; the corpse was probably 1-1.5 years post mortem. When the plastic bag was
removed from the body, the M. diadematus colony collapsed through dehydration.

Mites dominate in diversity and in numbers during the stages of butyric fermentation
and dry decomposition. The low number of listings in the table for earlier stages of
decomposition might be misleading. In the study of Johnson on small animals, all the mites
were first recognised during the bloating stages but became very common during the dry
decomposition stage (Johnson 1975). The mite presence spans four stages of decomposi-
tion. In a study with highly compromised chicken carcases with the flesh partially
removed, Mesostigmata, Astigmata and Prostigmata were collected during the fresh stage
(Arnaldos et al. 2004).

Human mites

Healthy humans will carry one or two species of symbiotic mites, Demodex brevis and
D. folliculorum (Demodecidae, Prostigmata), the mites of sebaceous or fat glands and hair
follicles (Desch 2009). These mites have been found on human corpses since their dis-
covery in 1844 (Wilson 1844). Table 3 only gives exemplary references, for a more
comprehensive account please see Perotti and Braig (2009a). Parasitic mites of humans do
not feature during the fresh stage of Table 3, because humans have very few parasitic mites
that are not incidental occurrences stemming from individual case reports. The best rep-
resentative of a parasitic mite associated with humans is the scab mite Sarcoptes scabiei
(Sarcoptidae, Astigmata). The sister species S. bovis of cows and S. equi of horses cause
milker’s and cavalryman’s itch in humans during an abortive superficial infection.
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Cheyletiella blakei (Cheyletidae, Prostigmata) of cats, C. furmani and C. parasitivorax of
rabbits and C. yasguri of dogs are mange mites, also known as walking dandruff, that
might feed on epidermal keratin of humans and cause an abortive infection (Beesley 1998).
Many chigger mites (Trombiculidae, Prostigmata) belonging to the genera Trombicula,
Neotrombicula, Eutrombicula, Leptotrombicula and Ascoschoengastia may be encountered
in the larval stage. These chiggers might feed on humans as an alternative host for a few
days but are perhaps better regarded, like ticks and dermanyssid mites, as micropredators
rather than as human parasites (Ashford and Crewe 2003). The species Eutrombicula
belkini was central in linking a suspect to a murder scene in a case in California (Prichard
et al. 1986; Turner 2009).

Environment, microhabitats, size of carcase

The impact of the habitat on the appearance of visible waves of Acari became evident in a
comparative study using small pigs (around 9 kg) in three contrasting tropical habitats
(Shalaby et al. 2000). Acari first became obvious 7-8 days post mortem in a mesophytic
habitat, intermediate between dry and wet vegetation. At 11 days post mortem, Acari
followed in the rain forest habitat of Oahu, Hawai’i (USA). Around 19-20 days post
mortem, the pigs in the mesophytic and rain forest habitat experienced a second wave of
mites; and pigs in an arid, xerophytic habitat received their first wave of mites.

Studies of the insects associated with small carcases have been characterised by dra-
matic variations in the carrion-feeding fauna (Blackith and Blackith 1990). Even small
variations in the size of the carcase may have an influence on the stage at which mites are
obvious. For very small pigs of 8.4 kg, nymphs and adults of Acaridae (Astigmata) and
Macrochelidae (Mesostigmata) and adults of Liacaridae (Oribatida) were dominant during
the postdecay stage, 12—16 days post mortem, whereas the same mite population occurred
during the remains stage, 14-304 days post mortem, for a pig carcase of 15.1 kg
(Hewadikaram and Goff 1991).

The seasons can have a huge impact on the stage of decomposition at which mites
become obvious. In a study in a farmland area in the north of Spain using pigs exposed to
the sun, mites became obvious at the fresh stage during winter, at the bloating stage during
spring, at the active decomposition stage during autumn, and remained absent even at the
advanced stage of decomposition during summer (Castillo Miralbes 2002). However, in
experiments with chicken carcases with the flesh partially removed and the viscera present
showed the highest numbers of mites (687) during summer and advanced decomposition
followed by spring (216); winter had 190 mites during the earlier stage of decomposition
and autumn showed overall the lowest numbers (Arnaldos et al. 2004). The chicken
carcases were put in an agricultural field around Murcia in southeastern Spain. The impact
of the season on the abundance of mites on a carcase also becomes evident if the numbers
of mites are put in relation to other major sarcosaprophagous arthropods. The percentual
contribution of mites to the fauna on the chicken carcases can almost be as high as that of
flies during the summer, and during winter still much higher than that of beetles: spring:
42% Diptera, 33% Hymenoptera, 9% Collembola, 5% Acari, 3% Coleoptera; summer:
29% Hymenoptera, 22% Diptera, 21% Acari, 14% Collembola, 5% Coleoptera; autumn:
55% Collembola, 37% Diptera, 3% Hymenoptera, 2% Coleoptera, 1% Acari; winter: 41%
Diptera, 39% Collembola, 8% Acari, 2% Coleoptera, Hymenoptera and Psocoptera, each
(major constituents only) (Arnaldos Sanabria 2000; Goff et al. 2004).
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The pig study also showed that carcases exposed to the sun during autumn contained
mites at the active or advanced stage of decomposition, whereas carcases kept at the
same time in a shadowed environment 300 m away already had mites at the bloating
stage. The differences might be explained to a great extent by the scotophilic or heli-
ophilic behaviour of the insects carrying the mites. Both, shadow and lower temperatures
facilitate early mite colonisation of carcases in the pig experiments. The fact that many
mite species are photonegative can make the collection of mites during daylight or in
direct sunlight difficult and unrepresentative for the actual diversity and abundance
present. The seasons also have some influence on the families of mites colonising the
carcase.

Hard ticks (Ixodidae) were only found during spring at the bloated stage and at active
decomposition in the shadow, and during winter at active decomposition in the sun. Since
ticks are obligate parasites of living animals, the presence of ticks might reflect the activity
of scavengers at that time (Castillo Miralbes 2002). The study with chickens confirms the
presence of hard ticks only during spring time (Arnaldos et al. 2004). A comprehensive
study on the influence of shade and sun exposure with pigs was performed in Edmonton,
Canada (Anderson et al. 2002). Careful records on the presence or absence of mites during
decomposition were kept but mites were not systematically differentiated.

Mite dispersal

The importance of phoresy for the introduction of mites to carcases has repeatedly been
emphasised; for review, see Perotti et al. (2009a). Often overlooked is the fact that these
mites also have to leave the carcase again at a certain time. Skin beetles (Trogidae) can
become so heavily overloaded that their mites also infest and cover larval stages, which
have no functional role in phoresy. The infestation can become so severe that the beetles
end up dead in and around the carcase. This has also been observed for skin beetles on
pig carcases and beetles in general on dog carcases (Reed 1958; Gill 2005). Mac-
rocheles species go to their beetle species. Parasitus and Poecilochirus species jump on
everything that moves and easily saturate the phoretic host. Details of mite-host asso-
ciations can be found in Perotti and Braig (2009b). The end of a wave of either mites or
their insect carriers might be judged by the level of mite infestation on a particular
carrier.

Another aspect of dispersal is the analysis of mites that were already present before
death. Very few studies have addressed this point. One study on pigs in Nigeria observed
that the ticks present naturally on the pig left the pig to find a new host as the bloated stage
approached (Iloba and Fawole 2006). Humans carry mites in hair follicles and skin pores
but also on their clothing (Desch 2009; Perotti and Braig 2009a). The diversity of mites
found in buildings and homes might gain forensic importance (Frost et al. 2009; Solarz
2009; Colloff 2009).

Using furred or feathered animals in forensic experiments as substitutes for human
bodies poses some problems for the investigation of mites. A study of mites on rat species
showed that many parasitic mite species present in the fur during life are still recovered
from the dead animals (Ramsay and Paterson 1977). Even feather mites were found on the
rats. The diversity of known mite species associated with fur and feathers is huge and
might represent only 20% of the actual number. For example, there are more than 2,000
feather mite species described belonging to 44 genera and 33 families. Only pigs, ele-
phants, rhinoceroses, mole rats, whales and hippopotamuses share naturally the nakedness
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with humans. Mexican hairless dogs and sphinx cats might be alternatives but have no
advantage over pigs. Unfortunately, the only decomposition study on elephants did not
consider mites (Coe 1978).

The soil below

Mites might be the most abundant soil invertebrates beneath a carcase (Anderson and
VanLaerhoven 1996). Bornemissza (1957) studied the impact of decomposing guinea pigs
on the natural soil fauna beneath the carcases in Perth, Western Australia. He graphically
showed that on the soil surface and in the soil to a depth of 15 cm, the natural mite fauna
together with most other arthropod taxa seem to mainly disappear 5-6 days into the
decomposition process and reappear some 3 months later. The complete absence of ori-
batid mites or subterranean springtails such as Onychiuris and Tullbergia spp. indicated
that the reduction of the typical soil fauna was very severe. It was greatest under the oral
and anal parts of the carcase. These graphs and this information have been widely cited in
the forensic entomological literature suggesting that the fauna beneath a carcase might be
highly impoverished during most of the decomposition process and therefore of little
forensic interest. This, however, might actually have been exceptional and should not be
generalised. Bornemissza, citing Kiihnelt (1950), also states that in Europe mites are only
present during the final stages of decomposition. We don’t see any evidence for such
assertions. However, we have no doubt that soil mites under carcases will display geo-
graphical behavioural variation, caused by climatic or edaphic factors (Dadour and Harvey
2008). Reed (1958) in a study with dogs in Tennessee described that soil samples taken
beside carcases teemed with mites. At various times mites were piled in layers several
individuals thick on the putrefactive substance under carcases. They were most abundant
during warm and hot weather, but during the winter a few mites could generally be found
under each carcase.

In a study with cats on the island of Oahu, Hawai’i, Goff not only demonstrated large
quantities of mites but also showed that changes in mesostigmatid populations (Macroc-
helidae, Parasitidae, Uropodidae and Pachylaelapidae) in samples of soil and litter
removed from under the carcases could be correlated with post mortem intervals (Goff
1989). Goff reported on a homicide case where soil was found in the hood of a jacket that
had been associated with the skull of a child of approximately 30 months of age recovered
from a shallow grave on a narrow ledge on the side of Koko Head Crater on Oahu (Goff
1991). This is the third case in a comparative study by Goff of human decomposition
ranging from 8 to 53 days post mortem reported earlier (Goff and Odom 1987). The soil
exhibited a rich diversity of mite taxa that had previously been found on and under pig and
cat carcases. The taxa are listed in Table 3. Although the acarine fauna considered in this
case was not by itself definitive of a specific post-mortem interval, it served to provide
valuable supporting data for the refining of the estimate toward the lower end of the
window defined by the insects collected from the corpse (Goff 1991). The insect data
suggested a period between 51 and 76 days. Presence of only adults of two species of
Macrochelidae was consistent with an interval of 22-60 days. Presence of numbers of
T. putrescentiae was characteristic of a time period greater than 48 days. Other mite
species present were not definitive of any time period for this case. There was a total of
97 mites/10 cm® of soil for this sample, a number corresponding to an interval of
48-52 days in decomposition studies previously conducted. Based on the estimated post
mortem interval, the authorities requestioned the father of the child. In his subsequent
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confession he put the time of death at the 53rd day prior to the collection of the samples
(Goff 1991).

In a study with bank vole carcases in a wooded park in Poland with acid soil, it was
noticed that carcases left on the surface experienced mite infestations during the initial
stages of decomposition and during the final residual stages with little mite participation
during active decomposition. However, when the carcases were buried in a 25-30 cm deep
hole, mites dominated during active decomposition and residual stages but not during the
initial process (Nabagto 1973).

The soil of a large wooded area in Massachusetts during summer harboured mites of the
families Acaridae (Asigmata), Digamasellidae, Laelapidae, Uropodidae (Mesostigmata),
and Nothridae (Oribatida) under turtle carcases as well as in control samples (Abell et al.
1982). Northridae were found in very small numbers and Laelapidae in large numbers also
on the turtle carcases themselves. The forest consisted of a mixture of deciduous trees
primarily made up of red oak and red maple with some American beech and white pine.
The soil beneath the carcases contained in addition the following families: Ceratozetidae
(Oribatida), Diplogyniidae (Mesostigmata) and Rhagidiidae (Prostigmata), while soil far
from the carcases also contained the families Galumnidae, Hypochthoniidae (Oribatida)
and Phytoseiidae (Mesostigmata). The dominant family on the turtles and in the soil
beneath exposed carrion was Laelapidae.

Payne et al. (1968) compared the mite families on surface exposed baby pigs and baby
pigs in burial pits at depths varying from 50 to 100 cm. Twenty-six of 48 arthropod species
were not implicated in above-ground carrion succession, but were found only on buried
pigs; among these were the mite families Uropodidae and Acaridae.

Mummies might harbour mites belonging to the Tarsonemidae (Prostigmata) and/or
mites in general that are associated with a practice of food storage, food gifts or the use of
raw cotton to wrap the corpse, oribatid mites that often originate from soil contaminations,
or mites that might be derived from plant material in general or leaves of coca added to the
corpse (Leles de Souza et al. 2006; Mendonga de Souza et al. 2008; Baker 2009).

Coprolites and faeces

Corpses also come with faeces, and faeces attract mites. A great diversity of mites has been
collected from inside human mummies (Baker 2009). Practically no work has been done on
the mites attracted to relatively fresh faeces of human corpses. It seems that more acaro-
logical information is available on coprolites of human and animal mummies (Radovsky
1970; Kliks 1988; de Candanedo Guerra et al. 2003) or 6,500 year-old Demodex mites in
regurgitated pellets of raptors (Fugassa et al. 2007). Radovsky identified deutonymphs of
Myianoetus nr dionychus and Anoetostoma oudemansi (Histiostomatidae, Astigmata) and an
acarid tritonymph in a human coprolite (Radovsky 1970). Mass occurrence of M. diadem-
atus, a species related to M. nr dionychus, was recently reported from the corpse of a human
baby wrapped in a plastic bag (Russell et al. 2004). The histiostomatid and acarid mites
found there might have been attracted by the fresh faeces; however, mites of these two
families might also have been ingested with food and passed in the faeces, something that
happens unnoticed but perhaps frequently in most human cultures (Radovsky 1970).
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