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Abstract
Acari community structure and function associated with delayed pig carrion decomposi-
tion has not been examined. In this study, 18 swine carcasses were studied in central Texas, 
USA, during two consecutive summers (2013 and 2014). Samples of ca. 400 g soil were 
collected from beneath, aside, and 5 m away from each pig carcass over 180 days. Mites 
from soil samples were extracted using Berlese funnels and identified to order and family 
levels and classified according to ecological function. In total 1565 and 1740 mites were 
identified from the 2013 and 2014 soil samples, respectively. Significant differences were 
determined for mite community structure at order and family levels temporally on carrion 
(e.g., day 0 × day 14) regardless of treatments and between soil regions where mites were 
collected (e.g., soil beneath vs. soil 5 m away from carrion). However, no significant dif-
ferences were found in mite community structure at the order level between pig carrion 
with and without delayed Diptera colonization (i.e., treatments). Analysis at the family 
level determined a significant difference across treatments for both summers. Ecological 
function of mites did not change significantly following the delayed decomposition of pig 
carcasses. However, detritivores and fungivores were significant indicator groups during 
the pig carrion decomposition process. Furthermore, 13 phoretic mite species associated 
with eight forensically important beetle species were documented. Data from this study 
indicated that the rate of nutrient flow into the soil impacted associated arthropod commu-
nities; however, detecting such shifts depends on the taxonomic resolution being applied.
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Introduction

Carrion is defined as dead and decaying vertebrate animal remains, and it represents only 
a small part of the total detritus pool in most large-scale ecosystems (Swift et  al. 1979; 
Parmenter and MacMahon 2009; Benbow et al. 2020). However, carrion plays significant 
roles in nutrient recycling that differ from plant detritus: (i) carrion is nutrient rich (low 
C:N ratio) whereas plant litter is usually low in nutrients and high in C:N ratio (Swift et al. 
1979), and (ii) carrion decomposes perhaps up to three orders of magnitude faster than 
plant litter (Parmenter and MacMahon 2009). These two qualities make carrion a unique 
detrital pool in an ecosystem (Barton et al. 2013a).

Nutrients released from the remains into the ground are predominately recycled by soil 
arthropods, which are quite diverse. In fact, large numbers of microarthropods (e.g., mites 
and collembolans) are found in most types of soil, and soil mites usually outnumber col-
lembolans (Coleman et al. 2004). Four important groups of mites occur frequently in soil: 
Oribatida, Prostigmata, Mesostigamata, and Astigmata. Oribatids are the most common 
mites found in soil. These mites are usually fungivores and detritivores. Mesostigmatid 
mites are typically predators on other small fauna or insect eggs, although some species are 
fungivores. Astigmatid mites are found associated with rich, decomposing nitrogen sources 
and are abundant in agricultural soils and stored products, whereas the Prostigmata con-
tains a broad diversity of mites with a variety of feeding habits and strategies (OConnor 
1994; Labandeira et al. 1997; Koehler 1997; Coleman et al. 2004).

Oribatids are known to influence organic litter decomposition and nutrient dynamics in 
forest environments (Wickings and Grandy 2011). They feed on microbial populations as 
well as fragmented plant detritus (Petersen and Luxton 1982). Oribatids can store and pro-
cess a significant portion of the Ca input in forest litter as well (Gist and Crossley 1975). 
Furthermore, oribatids are also well known to serve as bioindicators in the agroecosys-
tem (Behan-Pelletier 1999). Some families of Prostigmata are predaceous, whereas oth-
ers are microbial feeders, plant feeders, or parasites (Kethley 1990). In general, the larger 
predaceous Prostigmata feed upon other arthropods or their eggs, whereas the smaller spe-
cies are typically nematophagous (Kethley 1990). The Mesostigmata contains fewer soil-
inhabiting species than do Oribatida and Prostigmata. Many Mesostigmata are parasitic on 
vertebrates and invertebrates (Krantz 1978). The true soil species are almost all predators; 
only a few species (e.g., Uropodidae) are polyphagous, feeding on fungi, nematodes and 
juvenile insects (Gerson et  al. 2008). Many species of Mesostigmata have a close asso-
ciation with other insects or arthropods for dispersal purposes (i.e., phoretic relationship) 
(Hunter and Rosario 1988).

Astigmata are the least common of the soil mites, although they may become abun-
dant in certain habitats (Luxton 1981). The free-living Astigmata prefer moist environ-
ments high in organic matter, and most are microbial feeders (Andrén et al. 1995). Those 
with chelate chelicerae are able to chew vegetable materials, fungi, and algae (Krantz and 
Lindquist 1979). The Astigmata are specialists in patchy or ephemeral habitats, and they 
are able to reproduce in a relatively short time; hence, many species can build up large 
populations on concentrated resource patches within days (OConnor 2009a). Astigmata are 
the most successful group of mites in establishing symbiotic relationships with both verte-
brates and invertebrates (Houck and OConnor 1991; OConnor 1994). One of the reasons 
why Astigmata is the most successful group of mites is their ability to disperse via phor-
esy (OConnor 1982, 1994). Phoresy is a common form of commensalism and is applied 
to interspecific relationships in which one organism (the phoront) attaches to another (the 
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host) for the implied purpose of dispersal (Houck and OConnor 1991). Astigmatid deu-
tonymphs (heteromorphic deutonymphs, also known as hypopi) most commonly occur in 
association with beetles (Coleoptera), ants and wasps (Hymenoptera), as well as flies (Dip-
tera) (Binns 1982; Houck and OConnor 1991). Host specific relationships are most com-
mon where beetle species exploit rich temporary habitats such as carrion (e.g., Pelzneria 
sp. on Nicrophorus beetles) and vertebrate dung (e.g., Rhopalanoetus sp. on scarab beetles) 
(Houck and OConnor 1991). Reviews on host associations and phoretic mites have been 
provided by Hunter and Rosario (1988) on Mesostigmata, Norton (1980) on phoretic Orib-
atida, OConnor (2009a, b) on Astigmata phoretic mites, Eickwort (1990) on phoretic mites 
with social insects and Lindquist (1975) on mites with arthropods found in forest habitats.

Mites associated with carrion have been well documented (Perotti and Braig 2009; Per-
otti et al. 2010) with more than 212 phoretic mite species associated with carrion insects 
reported (Perotti and Braig 2009). Among these, Mesostigmata is the dominant group, rep-
resented by 127 species with 25 species belonging to Parasitidae and 48 species to Mac-
rochelidae. Most of these mesostigmatans are associated with particular species of flies 
or carrion beetles. Astigmata mites are more frequently found on dried remains of ver-
tebrate carrion. Of those identified, 52 species were phoretic on scavengers such as hide 
beetles (Coleoptera: Trogidae), skin beetles (Coleoptera: Dermestidae) and moths (Lepi-
doptera) (Perotti and Braig 2009). Barton et al. (2014) examined and compared the changes 
in abundance, species richness, and composition of mite and beetle assemblages sampled 
on kangaroo (Macropus giganteus) carcasses in a grassy eucalypt woodland near Canberra, 
Australia. A majority of mites were phoretic, with the mesostigmatid genera Uroseius 
(Uropodidae), Macrocheles (Macrochelidae) and Parasitus (Parasitidae) the most abundant 
taxa (excluding astigmatid mites). Abundance and richness patterns of mites and beetles 
were very different, with mites reaching peak abundance and richness at weeks 6 and 12, 
and beetles at weeks 1 and 6. Mesostigmatid mite assemblages experienced a delay in peak 
abundance and richness relative to beetle assemblages, suggesting differences in disper-
sal and reproductive traits of arthropods contribute to the contrasting diversity dynamics 
of carrion arthropod communities, and further highlight the role of carrion as a driver of 
diversity and heterogeneity in the ecosystem (Barton et al. 2014). These data are important 
in forensic entomology investigations.

The first study including modern forensic acarology was reported by Brouardel in 
1879, in a case where a newborn child was found mummified and the time of death was 
independently estimated based on caterpillars (Lepidoptera) and mites present (Perotti 
2009). Mégnin was consulted regarding the mite specimens and calculated back the num-
ber of generations that would have been required to account for the number of mites pre-
sent on the corpse. Mégnin concluded that the estimate for the time of death was around 
7–8  months before the autopsy (Mégnin 1894). Since then, few studies have mentioned 
mites associated with carrion (Braack 1986; Goff 1989). In Europe, Saloña et al. (2010) 
collected arthropods from soil at a body recovery site and determined dominant necropha-
gous fauna included mites from the families Melicharidae (formerly Ascidae): Proctolae-
laps euserratus Karg [misidentified as Proctolaelaps epuraeae (Hirschmann)], and Lae-
lapidae: Hypoaspis (Gaeolaelaps) aculeifer (Canestrini). They also reported mites from 
the families Acaridae: Sancassania berlesei (Michael), Ascidae: Zerconopsis remiger 
(Kramer), Urodinychidae: Uroobovella pulchella (Berlese) and Macrochelidae: Glyptho-
laspis americana (Berlese) for the first time in the Iberian Peninsula. Mašán et al. (2013) 
reported an unusual mesostigmatid mite from the family Melicharidae, P. euserratus, found 
in association with decaying matter of animal and human decomposition in various Euro-
pean countries including Slovakia, Spain and the UK. This mite species is thus considered 
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a potential marker for later stages of decomposition, namely butyric fermentation and dry 
decomposition.

Saloña-Bordas and Perotti (2014) reported a case of a hanged corpse in Spain. They 
recovered four species of phoretic mites, namely Poecilochirus carabi s.s. G. & R. Can-
estrini (Parasitidae), Poecilochirus (Physoparasitus) davydovae Hyatt (Parasitidae), 
Pelzneria crenulata (Oudemans) (Histiostomatidae), and Pelzneria necrophori (Dujardin) 
(Histiostomatidae) on carrion beetles (Silphidae: Necrodes and Nicrophorus) and rove bee-
tles (Staphylinidae: Creophilus maxillosus [L.]), which were used for interpreting the case. 
Szelecz et al. (2018) presented a case of human remains found in a Swiss forest where they 
isolated 391 mites belonging to four Acari orders (Astigmata, Mesostigmata, Prostigmata 
and Oribatida). Among these, the Acaridae, Sancassania berlesei, Cosmoglyphus (for-
merly Sancassania) oudemansi, and an unidentified Histiostomatidae were found in their 
immature stages. The authors suggested that the large numbers of Sancassania found in the 
deutonymphal stage are strong indicators of movement or relocation of the remains (Sze-
lecz et al. 2018). Recently, deutonymphs of Lardoglyphus zacheri Oudemans were found 
attached to larder beetles (Coleoptera: Dermestidae) colonising experimental pig carcasses 
in northern Spain for the first time (Salona-Bordas and Perotti 2020). In Asia, Silahuddin 
et al. (2015) documented 11 families of mites associated with rabbit (Oryctolagus cunicu-
lus [L.]) carcasses in Malaysia. Similarly, Hanifah et al. (2015) found Macrocheles scutati-
formis (Macrochelidae) on dung beetles (Phaeochroops freenae Kuijten) and soil beneath 
monkey and rabbit carcasses placed in a secondary forest in Malaysia. Recently, a review 
of mites in Malaysia has suggested the use of mites as biogeographical markers or as foren-
sic indicators (Azmiera et al. 2020a).

In the USA, OConnor (2009b) reviewed forensically relevant Astigmata. These mites 
include Acaridae (genera Acarus, Tyrophagus, and Sancassania), Lardoglyphidae (Lar-
doglyphus), and Histiostomatidae (Spinanoetus, Pelzneria, Myianoetus, Histiostoma). 
Pimsler et al. (2016) reported that the muscid fly, Synthesiomyia nudiseta (van de Wulp) 
(Diptera: Muscidae), was collected during three indoor medicolegal forensic entomology 
cases in Texas, USA. In each case, mites were found in association with the sample and 
subsequently identified as Myianoeus muscarum (L.) (Acariformes: Histiostomatidae). 
This report suggested that this mite is of potential value in forensic investigations, as it 
lends new insights into the community structure of colonizers on human remains in indoor 
environments.

Many abiotic and biotic factors could contribute to the delay of insect access to car-
rion and consequently suppress the decomposition process (Campobasso et al. 2001). Abi-
otic factors that delay insect colonization on carrion include weather and location origins 
such as season, temperature, precipitation, and high altitudes (e.g., highlands or high-rise 
buildings), which could deter immediate insect access and oviposition activities (Cam-
pobasso et al. 2001; Mahat et al. 2009; Heo et al. 2017). Another abiotic factor includes 
burial activities or being hidden, which could happen either naturally (e.g., carcass hid-
den by scavengers), or artificially (e.g., in criminal cases where human cadavers have been 
wrapped, buried or hidden in concealed containers) (Anderson et al. 2001). Third, perio-
dicity could be another abiotic factor, for example, animals that die during the night when 
blow flies are not active, and oviposition is likely to occur in the next morning (Introna 
et al. 1998; Reibe and Madea 2010).

Because no previous studies have examined the mite community associated with carrion 
experiencing delayed Diptera colonization, the objective of this study was to examine the 
impact of delayed Diptera colonization of carrion on the soil mite community structure and 
function.
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Materials and methods

Site description and experimental design

Detailed methodologies have been published in Heo et al. (2019). In general, swine car-
cass (Sus scrofa L.) decomposition was studied at a site belonging to the Field Laboratory, 
Texas A&M University (Burleson County, College Station, TX, USA; 30°33′18.54″N, 
96°25′38.71″W, 68  m a.s.l.). The soil at the study site was characterized as loamy and 
clayey (Weswood-Coarsewood). The soil surface layer is reddish/brown silt loam, moder-
ately permeable, and moderately alkaline (Jurena 2007). Vegetation at the study site is con-
sidered part of the blackland prairie ecoregion (http:// www. texas alman ac. com). Common 
vegetation found at the study site includes Johnsongrass (Sorgum halepense L.) (dominant 
cover plant, covered approximately 75% of the study site), oak (Quercus spp.), annual sun-
flower (Helianthus annuus L.), thistles (Cirsium spp. Mill.) and others.

Studies were conducted in two consecutive summers during June 2013 and 2014. 
In total nine pig carcasses purchased from a local pig farmer in Anderson, Texas, were 
obtained for each year replicate. Sex and weight of each pig carcass were determined prior 
to placement in the field. The animals were deceased at the time of acquisition; therefore, 
the Texas A&M University Institutional Animal Care and Use Committee required no 
animal use protocol. The carcasses were double bagged and transported within 1 h after 
death to the study site. Carcasses were randomly placed minimally 20 m apart along three 
transects. All carcasses were oriented with heads to the north and dorsal side towards the 
east. The placement of pig carcasses in the field was calculated by using a Latin square 
design (the arrangement of treatment groups was different between years and each loca-
tion was only used once). During each field season, in order to delay carrion decomposi-
tion by preventing fly colonization, three random carcasses were enclosed in individual 1.8 
 m3 Lumite® screen (18 × 14 mesh size) portable field cages (BioQuip Products, Rancho 
Dominquez, CA, USA) for 7 days, this treatment was designated as Post-7 group. Another 
three random carcasses were enclosed in a similar manner as above but were enclosed for 
14 days, thus were designated as Post-14 group, while all insects were allowed access to 
the remaining three carcasses, which served as controls. All carcasses were covered with 
hand-made, anti-scavenging cages (0.6 m height × 0.9 m width × 1.2 m length) constructed 
of steel frames enclosed with poultry netting. All cages were then properly labelled accord-
ing to their designation.

Climatological data including temperature and precipitation were recorded. NexSens 
DS1923 micro-T temperatures loggers (Fondriest Environmental, Alpha, OH, USA) were 
placed at the study site 0.3 m above the ground on the exclusion cages to measure local 
ambient temperature every 60 min for 40 days continuously. Temperature data were con-
verted into accumulated degree hours (ADH) based on Higley and Haskell (2009). The 
minimum development temperature threshold was set as 10  °C as that is the minimum 
used for blow flies and beetles common on vertebrate carrion during the summer months 
in Texas, USA. Precipitation during the study period was recorded daily with a rain gauge 
attached to a wooden stake approximately 1.3 m above the ground and 1 m north from one 
of the pig carcasses.

Soil samples at the study site were taken 5 days (day −5) prior to the placement of car-
rion and served as the baseline. During the experiment, soil samples were collected from 
beneath and at the side of pig carcasses (designated as soil lateral, which is approximately 
30 cm distant from the location of soil beneath the carrion), along with a control sample 

http://www.texasalmanac.com
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which was located 5 m north from the carrion on days 0, 7, 14, 21, 40, 90 and 180 to deter-
mine the soil mite community structure and function over time. Soil samples of approxi-
mately 400 g were collected using a plastic trowel and a steel tin can with 170 g capac-
ity that were disinfected using Lysol between uses. After collection, each soil sample was 
placed in a Ziploc bag and labelled. These soil samples were kept in a cooler box (70 cm 
long, 40 cm wide, 45 cm high) filled with ice (ca. 4 °C) and transported to the laboratory. 
For each soil sample, approximately 20 g was then separated from each individual sample, 
transferred to a freezer bag, and stored in a freezer (Kenmore, USA) at −20  °C for soil 
chemistry analysis. The remaining soil sample was then placed in a Berlese funnel for soil 
arthropod extraction. After each soil sample was transferred to the Berlese funnel, the inte-
rior of the sample bag was washed with 70% ethanol to detach arthropods on the plastic 
surface due to electrostatics. The ethanol-arthropod mixture was then transferred directly 
into the mason jar containing 100 ml 70% ethanol, which was used to collect and preserve 
extracted specimens.

Berlese funnels were used to process the samples for 72 h to extract soil arthropods. 
The bucket used was a plastic utility pail (25 cm diameter, 25 cm height, 18 cm diameter 
at base), with a round-shaped hardware cloth (gauze size 23, mesh size 0.6 cm) placed at 
the bottom of the bucket. Soil samples were placed on three pieces of filter paper (9 cm 
diameter, qualitative P8, Fisherbrand) located on top of the hardware cloth located at the 
base of a funnel (20 cm diameter, 18 cm high, and 1.4 L volume). A 40 W, 470 lumens, 
soft white in color (Philips A19) light bulb was used to dry the soil sample. Soil arthropods 
moving away from the drying soil would fall into the funnel and be collected in the mason 
jar assigned to the sample.

Samples collected in each mason jar were examined for the presence of soil arthropods 
under a dissecting stereo microscope (EMZ-8TR, Meiji, Japan). The content of the mason 
jar was shaken gently before being poured into a plastic Petri dish (9 cm diameter, BD Fal-
con). A piece of grid paper (divided into 16 squares equally) was placed at the bottom of 
the Petri dish for the purpose of mite counting and sampling protocols. All extracted soil 
arthropods were counted, recorded and identified to the lowest taxonomical rank possible 
using Triphehorn and Johnson (2005) and Stehr (1987). Once counted, soil arthropods and 
the excess ethanol were transferred to a 400 ml Pyrex beaker. A piece of Grade 3 Whatman 
filter paper (15  cm diameter) labelled with specimen details was placed inside the fun-
nel in order to trap the soil arthropods while the excess ethanol was removed via filtration 
through a Büchner funnel. After filtration, a piece of wax paper (Reynolds) was used to 
wrap the filter paper, along with the trapped arthropods, sealed and then stored in a freezer 
(−20 °C) as records.

Mites recovered from the soil samples were first counted and divided into two mor-
phological categories, namely Oribatida and non-oribatids. To identify the mites to fam-
ily, subsampling of mites was performed. Four distinct non-overlapping numbers were 
generated using a random number generator online (https:// www. random. org/) for every 
sample. The mites that fell randomly into these four numbers on the 16-square grid 
paper were then picked up using a loop modified from a minuten pin and transferred 
into a small Petri dish (35 × 10 mm) filled with several drops of specimen clearing fluid 
(Bioquip). Mite specimens were immersed in the fluid for 24  h at room temperature 
placed in a fume chamber. The clearing duration could be extended depending on the 
degree of clearing. This clearing fluid is principally a lacto-phenol solution with gla-
cial acetic acid. After clearing, the specimens were transferred to a glass slide (size 
76 × 25  mm; Hamilton Bell) with a small drop of polyvinyl alcohol (PVA) mounting 
medium (Bioquip). The PVA medium contained Elvanol and lactophenol and is usually 

https://www.random.org/
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used as a substitute for Hoyer’s solution. A square cover slip (22 × 22  mm; Bioquip) 
was then placed on top of the mite specimens (up to 10 mites per slide). The slide 
was labelled accordingly, air-dried for 3–4  days and stored in a microscope slide box 
(76 × 25 mm; Bioquip) in an upright position. When encountered, phoretic mites were 
collected from macroarthropods (e.g., underneath the elytra of a beetle) and processed 
as in the above methods.

Mites mounted on slides were examined under a light microscope with 40 × magnifi-
cation (Nikon, Japan) and identification was carried out to family level using Krantz and 
Walter (2009). Species confirmation of Astigmata and other groups of mites were made 
by relevant taxonomists.

Statistical analyses

Soil arthropod community data (separated by order, family, and function) were ana-
lysed using the statistical program JMP Pro v.11.0.0 (SAS Institute, Cary, NC, USA) 
for ANOVA and Tukey–Kramer honestly significant difference (HSD) post-hoc test. In 
addition, R project for statistical computing (R v.3.0.2) was employed to analyse soil 
arthropod community data using the vegan package (Oksanen et al. 2013). Vegan con-
tains the methods of multivariate analysis (e.g., permutational analysis of variance or 
PERMANOVA) needed in analysing ecological communities, and tools for diversity 
analysis. Bonferroni corrections were used to test for significance of pair-wise compari-
sons without an increased probability of rejecting the null hypothesis when it was actu-
ally true (type I error) (Cabin and Mitchell 2000).

Indicator species analysis (ISA) was performed to describe which family or func-
tional group was the best indicator among the soil mite communities based on the abun-
dance data, with 0 representing no indication and 100 being a perfect indication for each 
grouping. As the threshold for statistical significance was considered α = 0.05.

Results

Weather data

Detailed weather data have been published in Heo et al. (2019). In 2013, the mean tem-
perature was 30.6 ± 7.8 °C, with maximum 47.7 ± 4.5 °C and minimum 15.5 ± 0.0 °C. 
Total accumulated degree hour (ADH) for the 2013 trial was 29,209.70 (base tempera-
ture of 10  °C). Total precipitation recorded from the rain gauge throughout the study 
period was 39.1 mm. In 2014, the mean temperature was 29.3 ± 6.5 °C, with maximum 
43.0 ± 1.8 °C and minimum 19.0 ± 0.0 °C. Total ADH for the 2014 trial was 28,080.67. 
There were 13 rain events recorded during the study period. Total precipitation recorded 
from the rain gauge throughout the study period was 171.45  mm. The ambient tem-
perature and ADH in summer 2013 were significantly greater than in summer 2014 
(p = 0.0004 and 0.014, respectively). However, for precipitation, although summer 2014 
showed higher precipitation compared to summer 2013 (surplus of 132.33 mm), a two-
tailed t test showed no significance between these two trials (p = 0.27).
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Year effect

There was a year effect (F = 0.9326, df = 1, p = 0.001) on morphospecies (i.e., community 
structure through basic identification) of mites between the two trials. Furthermore, when 
ecological function of mites was analyzed for year effect, the results showed that there was 
a significant difference between years (F = 11.175, df = 1, p = 0.001) as well. Hence, data 
for soil mite community structure were analyzed separately according to year.

Replicate effect

There was no replicate effect (F = 0.9326, df = 1, p = 0.46) when analyzed based on mor-
phospecies of mites or ecological function (F = 1.7254, df = 1, p = 0.14). Therefore, all data 
in the replicates were pooled and analyzed together.

Total orders collected

In the 2013 trial, in total 1565 mite specimens were mounted on slides. The most domi-
nant group mounted on slides was the order Mesostigmata (36.7%) followed by the cohort 
Astigmata (36.5%) (Table 1).

Similarly, 1740 mite specimens were mounted on slides in 2014 and the most dominant 
group was the order Mesostigmata (54.0%) followed by the suborder Oribatida (24.3%) 
and cohort Astigmata (18.5%). Note that no species of the suborder Endeostigmata were 
collected from the soil samples in 2014. This could be due to simple rarity, mis-sampling 
in the field, or random effects during the sub-sampling process in the laboratory.

Total families collected

For the suborder Oribatida, specimens were not identified to family level. The results 
presented below were the families identified from non-Oribatida mites. In 2013, in total 
26 families were identified from all the non-oribatid mites. One family was identified 
in the suborder Endeostigmata, two families in the cohort Astigmata, 10 families in the 
order Mesostigmata, and 13 families in the suborder Prostigmata. The most dominant 
family was Acaridae (Astigmata) (46.5%), followed by Macrochelidae (11.1%) and 

Table 1  Total abundance and dominance of orders and lower taxonomic ranks of slide-mounted Acari iden-
tified from all soil samples in 2013 and 2014 trials at Snook, TX, USA

Taxonomic rank 2013 2014

Abundance Dominance Abundance Dominance

Order Mesostigmata 574 36.67 940 54.02
Cohort Astigmata 572 36.54 322 18.51
Suborder Oribatida 299 19.10 423 24.31

Prostigmata 95 6.07 55 3.16
Endeostigmata 25 1.59 0 0

Total 1565 100 1740 100



231Experimental and Applied Acarology (2021) 85:223–246 

1 3

Ascidae (8.95%) (Mesostigmata) (Table  2). In 2014, 17 families were identified from 
all the non-oribatid Acari. One superfamily was identified as Eupodoidea (Prostigmata), 
one family in the cohort Astigmata, nine families in the order Mesostigmata, and seven 
families in the suborder Prostigmata. The most dominant family was Macrochelidae 
(31.5%), followed by Acaridae (25.1%) and Ascidae (14.1%). Note that most Acaridae 
are detritivores or necrophages whereas most known Macrochelidae and Ascidae are 
predators in soil. Only some of the mite specimens have been identified to genera and 
species. Hence, statistical analysis at the genus-species level was not performed.

Table 2  Total abundance and dominance of families of non-oribatid mites identified from all soil samples 
in 2013 and 2014 trials at Snook, TX, USA

a Superfamily

No Higher rank Family 2013 2014

Abundance Dominance Abundance Dominance

1 Astigmata Acaridae 566 46.47 322 25.08
2 Mesostigmata Macrochelidae 135 11.08 405 31.54
3 Ascidae 109 8.95 181 14.10
4 Uropodidae 93 7.64 50 3.89
5 Parasitidae 92 7.55 96 7.48
6 Laelapidae 46 3.78 124 9.66
7 Prostigmata Cunaxidae 29 2.38 35 2.73
8 Endeostigmata Nanorchestidae 26 2.13 0 0
9 Mesostigmata Phytoseiidae 21 1.72 20 1.56
10 Prostigmata Pygmephoridae 18 1.48 5 0.39
11 Anystidae 14 1.15 0 0
12 Mesostigmata Ameroseiidae 13 1.07 16 1.25
13 Prostigmata Teneriffiidae 9 0.74 0 0
14 Erythraeoidea 9 0.74 2 0.16
15 Bdellidae 5 0.41 0 0
16 Ereynetidae 5 0.41 5 0.39
17 Mesostigmata Melicharidae 5 0.41 11 0.86
18 Digamasellidae 5 0.41 0 0
19 Prostigmata Scutacaridae 4 0.33 4 0.31
20 Astigmata Histiostomatidae 3 0.25 0 0
21 Prostigmata Tetranychidae 3 0.25 0 0
22 Mesostigmata Eviphididae 3 0.25 3 0.23
23 Prostigmata Calligonellidae 2 0.16 0 0
24 Smaridiidae 1 0.08 0 0
25 Adamystidae 1 0.08 0 0
26 Raphignathidae 1 0.08 0 0
27 Rhagidiidae 0 0 4 0.31
28 Eupodoideaa 0 0 1 0.08

Total 1218 100 1284 100
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Total ecological function identified

Five major ecological functional groups of mites were identified in this study. These 
include herbivores, predators, detritivores, fungivores, and nectarivores/pollinivores 
(as defined by Walter and Proctor 2013). The most abundant functional group during 
pig carrion decomposition was the detritivores (62.4%), followed by the predators or 
parasites (33.1%). In 2014, the most abundant functional group was the predators/para-
sites guild (50.8%), followed by the detritivores (46.8%) (Table 3).

PERMANOVA of soil mite community structure by order

PERMANOVA was performed on the mites identified at this taxonomic level (includ-
ing superorder/order/suborder/cohort) to determine the effects of independent varia-
bles. In 2013, day of carrion decomposition (day) and soil region (region) were both 
significantly different (p = 0.001) with no significant interactions. For 2014, the results 
showed day and region were significantly different (p = 0.001). However, there were 
interactions between day × treatment (p = 0.016) and day × region (p = 0.008). Treat-
ment (no delay vs. delay of Diptera colonization) was consistently not significant for 
both years (Table 4).

Table 3  Total abundance and 
dominance of mites according to 
their ecological function from all 
soil samples in 2013 and 2014 
trials at Snook, TX, USA

Function 2013 2014

Abundance Dominance Abundance Dominance

Detritivores 931 62.44 791 46.75
Predators 494 33.13 859 50.77
Fungivores 60 4.02 24 1.42
Herbivores 3 0.20 18 1.06
Nectarivores/

polleni-
vores

3 0.20 0 0

Total 1491 100 1692 100

Table 4  Analysis of the soil 
mite community structure (by 
order) in summers 2013 and 
2014 at Snook, TX, USA, using 
PERMANOVA

Factor p

2013 2014

Day 0.001 0.0001
Treatment 0.61 0.058
Region 0.001 0.001
Day × treatment 0.25 0.016
Day × region 0.61 0.008
Treatment × region 0.63 0.15
Day × treatment × region 0.97 0.73
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Abundance of soil mite (by order) in soil beneath the pig carrion

In 2013, a significant difference was found on day 14 (control × post-14 and con-
trol × post-7, both with p = 0.0044) for Prostigmata. No significant difference was found 
for the other orders. However, in 2014, significant differences between treatments were 
found on day 7 (control × post-7, p = 0.019; control × post-14, p = 0.0066) and day 40 
(control × post-7, p = 0.014; control × post-14, p = 0.0023) for Mesostigmata, whereas 
for Prostigmata, a significant difference (p = 0.047) was found on day 180. There was 
no significant difference detected among treatments for both Astigmata and Oribatida 
(Fig. 1).

PERMANOVA of soil mite community structure by family

PERMANOVA showed day, treatment and region were significantly different with no other 
significant interactions detected in 2013. Similar results were demonstrated in 2014 trial. 
However, several significant interactions were detected, such as day × treatment (p = 0.011), 
day × position (p = 0.001), and treatment × position (p = 0.025) (Table 5).

As there was a significant effect in day, treatment and region for both years, further 
analyses were carried out. For soil regions, all soil regions were significantly different 
from each other (p < 0.001), indicating soil mite community structure changes according to 
region (Table 6). As for day of decomposition, most of the pairwise comparisons between 
days were significantly different (Table 7). In 2013 treatment effect was significantly dif-
ferent for control × post-7 (p = 0.035), whereas in 2014, post-7 × post-14 was significantly 
different (p = 0.02) (Table 8).

Indicator species analysis (ISA) showed three families of soil mites namely Phytoseii-
dae, Pygmephoridae and Acaridae were the significant indicators for 2013 whereas Asci-
dae, Cunaxidae, Acaridae and Erythraeidae were significant indicators for 2014 (Table 9).

Abundance of soil mites (by family) in soil beneath the pig carrion

There was no significant difference in soil mite abundance between treatments in soil 
beneath (p = 0.16). However, there was a day effect (p = 0.0004) detected. In this study, 
Acaridae (Sancassania spp.) was the dominant family observed in all treatment groups. 
For control carcasses, Acaridae was first observed from day 7, its abundance peaked on day 
40, and subsequently reduced in abundance on day 180, and was succeeded by Macrocheli-
dae (Macrocheles spp.), which peaked in abundance on day 180. Conversely, Acaridae was 
dominant for post-7 group from day 40 until day 180 (Figs. 2 and 3).

Soil mite function

PERMANOVA results on functional groups assigned to mites collected indicate a signif-
icant difference in day and soil region (both p = 0.001) without a significant interaction 
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(Table 10). Treatments had no significant effects on soil mite community function (p = 0.40) 
in 2013; however, it was significant in 2014. For indicator species analysis, two significant 

Fig. 1  Soil mite community abundance (by order) beneath the pig carrion according to treatments in sum-
mer 2013 and 2014 at Snook, TX, USA. PMI (D) = postmortem interval (in days)
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functional groups in 2013 were detected namely fungivores and detritivores. However, no 
functional groups of soil mites were significant in 2014 (Table 11).

Table 5  Analysis of the soil 
mite community structure (by 
family) in summers 2013 and 
2014 at Snook, TX, USA, using 
PERMANOVA

Factor p

2013 2014

Day 0.001 0.001
Treatment 0.024 0.007
Region 0.001 0.001
Day × treatment 0.14 0.011
Day × region 0.18 0.001
Treatment × region 0.44 0.025
Day × treatment × region 0.85 0.63

Table 6  Pairwise comparison 
between soil regions on soil 
mite community structure by 
family in summers 2013 and 
2014 at Snook, TX, USA, after 
Bonferroni’s correction

Soil region p

2013 2014

Beneath × lateral 0.026 0.016
Beneath × 5 m 0.001 0.001
Lateral × 5 m 0.004 0.001

Table 7  Pairwise comparison of 
soil mite community structure 
by family between carrion 
decomposition days in summers 
2013 (below the diagonal) 
and 2014 (above the diagonal) 
at Snook, TX, USA, after 
Bonferroni’s correction

Day × day 0 7 14 21 40 90 180

0 – 0.343 0.001 0.001 0.001 0.001 0.001
7 0.039 – 0.003 0.001 0.001 0.003 0.001
14 0.001 0.002 – 0.203 0.001 0.001 0.001
21 0.001 0.305 0.031 – 0.001 0.001 0.001
40 0.001 0.001 0.001 0.001 – 0.047 0.005
90 0.001 0.001 0.002 0.002 0.001 – 0.349
180 0.001 0.001 0.001 0.002 0.001 0.002 –

Table 8  Pairwise comparison 
between treatments on soil 
mite community structure by 
family in summers 2013 and 
2014 at Snook, TX, USA, after 
Bonferroni’s correction

Treatment p

2013 2014

Control × post-7 0.035 0.22
Control × post-14 0.17 0.12
Post-7 × post-14 0.13 0.020
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Abundance of soil mites (by functional groups) in soil beneath the pig carrion

The major functional groups of mites for all treatments were the detritivores, followed by 
the predators. Detritivores became dominant on day 14, 40 and 90 for control carcasses; 
day 40, 90 and 180 for post-7 carcasses and almost every sampling day for post-14 group. 
Although no significant difference was detected on the predator/parasite group over time, 
post-7 had a higher abundance of predators at soil beneath on day 21. Fungivores were in 
higher abundance under the control carcasses on day 14, and then re-populated on day 90. 
For fungivores, a significant difference was observed on day 14 (between control × post-7 
and control × post-14, both p = 0.018). Detritivores in control and post-14 group increased 
to their peak abundance on day 40 whereas post-7 group continued to increase in detriti-
vore abundance even on day 180. In 2014, the predators were the major functional group of 
mites for all treatments, followed by detritivores. There were significant differences in pred-
ator abundance between treatments in soil beneath on day 7 (control × post-7, p = 0.0029; 
control × post-14, p = 0.0013) and day 40 (control × post-7, p = 0.020; control × post-14, 
p = 0.0023). Detritivores increased their abundance on day 14 or 21 and dominated the soil 
beneath even up to day 180. Fungivores were observed to increase in abundance during the 
later stage of carrion decomposition (Fig. 4).

Beetles associated with phoretic mites in 2013 and 2014 trials

Phoretic mites were found in association with a total of six families and eight species of 
Coleoptera in both 2013 and 2014. These coleopterans families include Trogidae (one spe-
cies), Dermestidae (three species), Cleridae (one species), Tenebrionidae (one species), 
Histeridae (one species) and Silphidae (one species). Most of the phoretic mites were 
found underneath the elytra of the host beetle, and a few of them were found attached on 
the ventral surfaces or sternites of the beetle hosts (e.g., silphid beetles). A total of nine 
families and 13 species of phoretic mites were identified from all beetle hosts collected in 
both trials. The phoretic mite families included Histiostomatidae (one species), Halolae-
lapidae (one species), Melicharidae (one species), Lardoglyphidae (two species), Acaridae 
(two species), Winterschmidtiidae (one species), Ologamasidae (one species), Parasitidae 
(two species) and Macrochelidae (one species) (Table 12).

Table 9  Indicator species 
analysis for soil mite community 
by family in summers 2013 and 
2014 at Snook, TX, USA

Year Family Indicator value p

2013 Phytoseiidae 0.1364 0.042
Pygmephoridae 0.6667 0.001
Acaridae 0.1537 0.005

2014 Ascidae 0.0884 0.044
Cunaxidae 0.2000 0.011
Acaridae 0.0870 0.039
Erythraeidae 0.6667 0.010
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Discussion

Results from this study demonstrated delayed blow fly colonization on carrion impacted 
soil mite community structure. Soil mite community structure was changed significantly 
by year. This year effect could be due to the significant change in ambient temperature 
as well as ADH between summers 2013 and 2014. The soil mite community structure 
and the associated food web shifted as a result of the abiotic environment (Whitford 
1989). Temperature has been known to affect the development, survival, and reproduc-
tion of insects and mites (Ratte 1984; Broufas et al. 2007; Heo et al. 2019). It has been 
documented that temperature, soil acidity, humidity, amount and quality of food and 
environmental disturbance affect the life cycle of oribatid mite species (Luxton 1975; 
Maraun and Scheu 2000). Precipitation was much higher in 2014 compared to the pre-
vious year (Heo et al. 2019). This additional soil moisture could affect soil mite com-
munity structure as past study had demonstrated that water could affect collembolans 

Fig. 2  Soil mite community abundance (by family) beneath the pig carrion according to treatments in sum-
mers 2013 and 2014 at Snook, TX, USA. PMI (D) = postmortem interval (in days)
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and soil mites significantly in summer (Chikoski et  al. 2006). In dry soils with water 
potential below −1.5 MPa, most bacteria, protozoa, and nematodes are not active (these 

Fig. 3  Soil mite community abundance of Macrochelidae and Acaridae beneath the pig carrion according 
to treatments in summers 2013 and 2014 at Snook, TX, USA. PMI (D) = postmortem interval (in day)

Table 10  Analysis of the soil 
mite community function 
in summers 2013 and 2014 
at Snook, TX, USA, using 
PERMANOVA

Factor p

2013 2014

Day 0.001 0.001
Treatment 0.40 0.032
Region 0.001 0.003
Day × treatment 0.57 0.56
Day × region 0.42 0.32
Treatment × region 0.71 0.47
Day × treatment × region 0.96 0.89

Table 11  Indicator species 
analysis for soil mite functional 
groups in summers 2013 and 
2014 at Snook, TX, USA

Year Functional group Indicator value p

2013 Fungivore 0.2333 0.002
Detritivore 0.0956 0.011

2014 None – –
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taxa entered a state called anhydrobiosis, some fungivorous mites even entered crypto-
biosis state) (Whitford 1989). For instance, supplemented summer rainfall resulted in 
an increase in vegetation cover, leading to an increase in the abundance of the insect 
herbivores, Auchenorrhyncha (Hemiptera) (Masters et al. 1998). Rainfall is also demon-
strated to affect the trophic position of some oribatid species, probably due to changes 
in microbial activity and community composition (Melguizo-Ruiz et al. 2017).

Soil mite community structure associated with the carrion was significantly differ-
ent over time and soil regions. Bornemissza (1957) found different stages of decompo-
sition were correlated with the animal communities occupying them, and these com-
munities were contrasted with the community dwelling in the leaf litter and soil. The 
various stages of decomposition influenced the underlying soil differently, with the 
greatest effect being observed during the ‘black putrefaction’ and ‘butyric fermentation’ 
stages (Bornemissza 1957). The current study determined similar results where day 7 
(in between active and advanced decomposition stage) of control carcasses was signifi-
cantly different with regard to soil mite community structures compared to post-7 and 
post-14 carcasses. As for soil regions, the current study agreed with Bornemissza (1957) 

Fig. 4  Soil mite abundance (by functional groups) beneath the pig carrion according to treatments over 
decomposition days in summers 2013 and 2014 at Snook, TX, USA
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where soil mite community beneath the carrion was significantly different between soil 
beneath and soil lateral (soil at a distance of ca. 30 cm away from beneath the carrion), 
and between soil beneath and soil 5 m away from carrion. Following these observations, 
we suggest ‘cadaver decomposition islands’ (CDIs) should be divided into several zones 
(i.e., beneath the carrion, or aside the carrion) (Heo et al. 2019) as each zone is uniquely 
inhabited by a soil mite community that differs in structure and function. The change 
in the soil mite community structure according to soil regions may be due to differ-
ent concentrations of soil nutrients derived from the decomposition process, similar to 
the resource concentration hypothesis (Root 1973) where the decomposers (i.e., micro-
organisms such as bacteria and fungi, mites, earthworms, collembolans) are attracted 
to resources, and recycle the organic matter or perform carbon mineralization as part 
of their normal functions in the ecosystem (Brussaard 1997). From a nutrient flow 
viewpoint, soil mites are envisioned as accelerating (or delaying) nutrient release from 
decomposing organic matter. They may do so directly, by feeding upon organic matter 
and associated microflora, or indirectly, by channeling and mixing the soil, improving 
the quality of substrate for microfloral and other consumers (Crossley 1977).

Interpretation of soil mite community responses to delayed colonization of swine car-
rion was dependent on taxonomic resolution implemented. Based on the results obtained, 

Table 12  Beetle hosts and their phoretic mites recovered from the field site at Snook, TX, USA, in both 
summers 2013 and 2014

DN deutonymphs (heteromorphic deutonymphs / hypopi)
a Possibly a new species
b Parasitic species

Beetle hosts Phoretic mite species collected

Family Genus and species

Trogidae Omorgus suberosus Histiostomatidae: Hexanoetus sp.  DNa

Halolaelapidae DN
Unknown ‘spiny’ Mesostigmata  DNa

Dermestidae Dermestes caninus Melicharidae: Proctolaelaps sp.
Lardoglyphidae: Lardoglyphus anglolensis DN
Lardoglyphidae: Lardoglyphus zacheri DN
Acaridae: Tyrophagus putrescentiae
Acaridae: Sancassania sp. DN

Dermestidae Dermestes marmolatus Melicharidae: Proctolaelaps sp.
Lardoglyphidae: Lardoglyphus anglolensis DN
Acaridae: Sancassania sp. DN

Dermestidae Dermestes maculatus Melicharidae: Proctolaelaps sp.
Cleridae Necrobia rufipes Winterschmidtiidae: Parawinterschmidtia sp.  DNa

Tenebrionidae Blapstinus sp. Podapolipidae (probably Podapolipus sp.)b

Acaridae: Sancassania sp. DN
Histeridae Hister sp. Ologamasidae: Iphidosoma sp.

Halolaelapidae
Unknown Mesostigmata DN
Acaridae: Sancassania sp. DN

Silphidae Necrophorus marginatus Parasitidae: Poecilochirus nr. monospinosus
Parasitidae: Poecilochirus ‘subterraneus’a

Macrochelidae: Macrocheles sp. (natalie group) a
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family-level, unlike order-level, assessment of the soil mite communities demonstrated 
more consistent results across parameters examined. Bowman and Bailey (1997) recorded 
similar phenomena with freshwater macro-invertebrate communities. They determined 
genus-level identification did not provide a strikingly different description of community 
structure than higher levels (e.g., family, order) of taxonomic identification. Similarly, 
Olsgard et al. (1997) examined the relationship between taxonomic resolution in analyses 
of a microbenthic community along an established pollution gradient, and they found that 
higher taxonomic levels are more likely to reflect a contamination gradient than are analy-
ses based on species abundances.

Hawlena et  al. (2012) demonstrated that grasshoppers (Orthoptera) stressed by spider 
predators (Araneae) have a higher body C:N ratio than other grasshoppers raised without 
spiders. This change in element content does not slow grasshopper decomposition but dis-
turbs belowground community function, decelerating the subsequent decomposition of 
plant litter. This legacy effect of predation on soil community function appears to be regu-
lated by the amount of herbivore protein entering the soil. Similarly, the absence of a nec-
rophagous dipteran community at the initial phase of decomposition in this study changes 
the cadaveric resource quality, which subsequently changes the soil mite community struc-
ture and function.

In this study, we observed general trends in population dynamics of soil mites asso-
ciated with pig carrion decomposition. For Mesostigmata (e.g., Macrocheles), the popu-
lation abundance was somewhat similar to a bell curve over day of decomposition (see 
Fig.  1). For Oribatida, the abundance pattern along the course of decomposition was in 
an inverted bell-shaped whereas for Astigmata (e.g., Sancassania) it was an exponential 
growth phase followed by a stationary phase, and eventually a decline phase (similar to a 
sigmoidal curve). The bell curve dynamic demonstrated by mesostigmatans indicate arrival 
(via phoresy), in situ reproduction, and dispersal (via phoresy) along the carrion decom-
position process. The inverted bell-shaped curve exhibited by oribatid mites rendered a 
contrasting pattern from that of mesostigmatans where oribatid populations decline during 
the active decomposition stage or when the influx of decompositional fluid occurred. When 
the decomposition process is completed or at the skeletonization stage, the population of 
oribatids recovers gradually (a phenomenon known as resilience). As for the astigmatans, 
the population increases exponentially (via phoresy and in situ reproduction) when the car-
rion is available as a food source, the population then enters a stagnant phase when the 
resources become depleted over time, and the population eventually declines due to the 
death or dispersal of mites to other habitats via phoresy. Similar trends have been observed 
in Silahuddin et al. (2015) and Azmiera et al. (2020b) for Mesostigmata, Astigmata, and 
Oribatida. These trends of mite population dynamics and succession could explain their 
ecological roles in carrion ecosystem and be a useful tool in mPMI estimation.

In forensic acarology, Macrochelidae were normally found at the early stage, whereas 
Acaridae were found at the later stage of decomposition (Che Kamaruzaman et al. 2018; 
Szelecz et al. 2018; Azmiera et al. 2020b). It has been recorded that Macrocheles muscae-
domesticae (Scopoli) arrived at a human corpse coinciding with the occurrence of one of 
its major carrier fly species, Fannia scalaris, whereas Macrocheles glaber (Müller) were 
collected from a corpse concurrent with the arrival of beetles attracted by odors from the 
corpse, and Macrocheles perglaber Filipponi and Pegazzano, which have a preference 
for phoresy on Scarabaeidae and Geotrupidae beetles, were also sampled from a corpse. 
Regarding distribution, M. muscaedomesticae is known from urban and rural areas and 
poultry farms, M. glaber from outdoors, particularly the countryside, whereas M. perg-
laber is known from outdoor, rural and remote, potentially mountainous locations (Che 
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Kamaruzaman et  al. 2018). Another species, Macrocheles scutatiformis Petrova was 
reported from soil beneath monkey and rabbit carcasses in Malaysia, and some were pho-
retic on a dung beetle and a Chrysomya rufifacies larva (Hanifah et al. 2015). Other foren-
sically important Mesostigmata mites include P. euserratus (Mašán et al. 2013), P. davydo-
vae (Saloña-Bordas and Perotti 2014), Macrocheles matrius (Szelecz et al. 2018), Uroseius 
sp. (Moraza and Pérez-Martínez 2019), Macrocheles merdarius, Poecilochirus austroasiat-
icus, and Poecilochirus subterraneus (Medina et al. 2013; Pérez-Martínez et al. 2019). The 
current study found a species of Macrochelidae (Macrocheles sp. [natalie group]) phoretic 
on a carrion beetle, Necrophorus marginatus (Silphidae), which arrived at the pig carcass 
48 h after placement at the study site.

Another interesting astigmatan species, Sancassania sp. (Acaridae), was found abun-
dantly as deutonymphs in this study, especially toward the end stage of carrion decompo-
sition, and remained at or nearby the carcass placement site even after a year. Similarly, 
in a forensic case reported by Szelecz et  al. (2018), both S. berlesei and Cosmoglyphus 
oudemansi were extracted from sample sites associated with bones, indicating movement 
or relocation of the remains. Also, S. berlesei was recorded from two human corpses in 
Belgium that had been discovered between 3- and 4-months postmortem (Leclercq and 
Verstraeten 1988). Clearly, the presence of Sancassania could indicate a later stage of 
decomposition or serve as a locality indicator due to its widespread distribution in synan-
thropic habitats such as animal farms (OConnor 2009b; Szelecz et al. 2018; Azmiera et al. 
2020b). Other reported astigmatans of forensic importance include Acarus siro (Mégnin 
1894), Tyrophagus putrescentiae (Early and Goff 1986), Histiostoma sp. (Azmiera et  al. 
2019), Histiostoma sachsi (Leclercq and Verstraeten 1988), Myianoetus diadematus (Rus-
sell et al. 2004), Myianoetus muscarum (Pimsler et al. 2016), Spinanoetus sp. (OConnor 
2009b), Pelzneria sp. (OConnor 2009b; Saloña-Bordas and Perotti 2014), Rhizoglyphus 
howensis (Hani et al. 2018) and L. zacheri (Saloña-Bordas and Perotti 2020). The present 
study recorded Sancassania phoretic on various beetle hosts such as Dermestidae, Ten-
ebrionidae and Histeridae. Moreover, Hexanoetus sp. was found abundantly on trogid bee-
tles, Omorgus sp., whereas L. zacheri and L. anglolensis were both phoretic on dermestid 
beetles in Texas, USA.

Future research should attempt to address limitations associated with the current 
research. As previously mentioned, identification to genus or species level of mites was 
not extensive. It is important to pin down the species of mites that are important in carrion 
ecology and its application in forensic acarology. Second, a longer period of observation 
time (e.g., a year) is needed in order to offer a complete picture about carrion decompo-
sition and the impacts on soil mite communities. Also, it would be ideal to increase the 
sample size (e.g., number of carcasses) to increase the statistical power and confidence 
interval. Similar studies could be carried out on different types of soil, in different types of 
habitat or landscape, different ecoregions or climatic regions as well.

Soil mite community structures are sensitive to the years of field trial, days of decom-
position, and soil regions, but its sensitivity to treatment effect depends on the taxonomic 
resolution (i.e., family is more sensitive than order). It is evident that there was a shift in 
soil mite community structure and function in response to delayed vertebrate decomposi-
tion. The mite community structural shift could be due to abiotic factors such as ambi-
ent temperature, and soil moisture. Furthermore, we suggest systematic zoning of cadaver 
decomposition islands (CDIs) as small distances away from the soil beneath the carrion 
could have significant difference in soil mite community structure and function. There are 
still many unexplored areas in soil mite diversity associated with carrion decomposition, 
the relationship between phoretic mites and their insect hosts (e.g., beetles), and factors 
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governing the dynamics of mite populations warrant further investigations. It is necessary 
to study soil mites and other soil organisms (e.g., soil microbes, protozoa, nematodes, col-
lembolans, isopods) in carrion ecology for the benefits of its future applications in foren-
sics (e.g., forensic acarology and soil biology).
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