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1.2 Aim and objectives of the thesis 

The aim of the thesis is to contribute to the development of mites as forensic trace 

evidence.  This aim will be approached from several angles.  The research in this 

thesis is at the very beginning of the development of the subject area.  As such, it is 

for the major part descriptive research meant to enable hypothesis-driven research 

later on.  The interrogation of the first genome of humans like the first genome of 

any species is inherently descriptive.  Here, for the first time, the whole genome of a 

mite species is analysed for microsatellites.   

 Mites like most organisms are associated with specific environments and 

habitats of given localities.  Forensic biology is put in practice in specific biogeo-

graphical regions.  The Arabian Peninsula and its adjacent countries have been 

chosen as the specific biogeographical region.  Chapter 2 examines the state of the art 

of non-human forensic biology in the Arabian Peninsula and its adjacent countries.  

Importantly, it investigates a critical resource currently available for non-human 

forensic biology.  This resource is access to region specific taxonomic keys for the 

identification of biological trace organisms.  While the thesis sees the future of non-

human forensic biology in the molecular realm, any molecular approach will be 

governed by the primary taxonomic identification of the species diversity.  

Taxonomic identification depends on the availability of taxonomic keys.  One 

purpose of this chapter is to identify knowledge gaps.    

 As stated above, mites are ubiquitous, which means forensically important 

mites can be found in many different habitats, such as a decomposing human 

corpse, in soil, in plant material, or in dust or house dust.  Dust has been chosen as a 

focus in this thesis.  The potential of dust in forensic trace analyses is investigated in 

Chapter 3. 

 Microsatellites have been the most successful tool so far in the molecular 

analysis of human trace evidence.  In Chapter 4, the analysis of microsatellites in 

mites is reviewed.   

 The first critical step in any molecular analysis of trace evidence is the optimal 

extraction of DNA.  While the extraction of DNA from human blood samples did not 

encounter any physical barriers because white blood cells are easily lysed for DNA 
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extraction, PCR inhibitors in red blood cells proved to be challenging in the 

beginning.  Mites on the other end possess very tough exoskeletons made of 

cuticular material that can also include PCR inhibitors.  The exoskeleton of most mite 

species is so tough that it is normally found in archaeological samples alongside 

bone fragments.  An extraction method employed for forensic purposes also must 

accommodate very small samples sizes and limit the risk of cross-contamination as 

much as possible, meaning it should be using single-use, disposable components.  

The extraction of DNA through bead beating is investigated in Chapter 5.   

 When dust mites are found in a forensic trace sample, the question arises 

where did these mites come from; from which specific niche, which house, which 

apartment or biologically formulated, from which population did these mites 

originate.  The easiest way to answer these questions is to make use of 

microsatellites.  The genome of one of the most common and best-known house dust 

mite species, Dermatophagoides farinae, is investigated for repetitive sequences in 

Chapter 6.  Based on this analysis, over one hundred microsatellites are developed 

for forensic use.   

 The development of microsatellites is quite labour intensive.  The potential 

use of microsatellites developed for one species in another species is investigated in 

Chapter 7.  A house dust species related to D. farinae is checked for cross-species 

conservation.  While the formulation of this objective suggests a positive situation, 

the reuse of microsatellites, which is common in an ecological context for the study 

of identified individuals, it presents itself as pitfall in a forensic context.  If a micro-

satellite is similar or identical in more that one species, it becomes forensically 

useless.  To estimate this risk, the phylogenetically closest sister species to D. farinae, 

D. pteronyssinus is scrutinised.   

 The final step in forensic research is the reporting of the findings and 

especially of forensically important data in the forensic literature.  For example, 

microsatellites that have not been checked for cross-species conservation might 

easily end up in a predatory forensic journal without functional peer review.  This 

could likely lead to a miscarriage of justice.  To prevent this, an in-depth analysis of 

research journal covering aspects of forensic sciences and legal medicine has been 
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undertaken.  Chapter 8 culminates with a proposal for a comprehensive white list of 

journals for forensic biology.   

 Conclusions of the thesis are summarized in Chapter 9 and used for an 

outlook into the future of molecular analysis of non-human biological traces.   
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all four seasons (Tantawi et al., 1996).  The study of Tantawi et al. (1996) on rabbit 

carcasses not only analysed insects but also included mites (Acari).  The 

entomofauna of decomposing tilapia fish and desert snails in both, pitfall and 

hanging traps was studied in in the western desert of Egypt (Hegazi et al., 1991).  

Rabbit decomposition studies were continued for Nasr City, Egypt, including dogs 

(Zeariya et al., 2015), Upper Egypt including indoors (Aly et al., 2017), north-eastern 

Egypt including rats (Aly et al., 2013), Kuwait (Al-Mesbah et al., 2012), An-Najaf 

province and Al Kufa City of Iraq (Albushabaa, 2016; Albushabaa and Almousawy, 

2016), and for the mountains of Al-Baha Province of southwestern part of Saudi 

Arabia (AbouZied, 2014), Al-Ahsaa Oasis (Shaalan et al., 2017), urban, desert, and 

agricultural sites in Riyadh (Mashaly and Al-Mekhlafi, 2016) and including ants 

(Mashaly et al., 2018a), the west of Iran (Salimi et al., 2018a), indoor rat carcases 

(Keshavarzi et al., 2015a), and with burnt rabbit carcasses for Riyadh (Mashaly, 

2016).  Studies with guinea pig carcasses have been performed in Benha City, Egypt 

(Ibrahim et al., 2013) and pig carcasses in Badghan-Mount, Lebanon (Shayya et al., 

2018c).  The impact on insect succession on rabbits partially or fully submerged in 

tap water positioned roughly one meter above the ground was studied in Riyadh 

(Haddadi et al., 2019).  The effect of clothing on rabbit on insect succession on rabbit 

carcasses was determined (Mashaly et al., 2019). Additional rabbit decomposition 

studies have been performed for the oasis of Al-Ahsaa in eastern Saudi Arabia 

(Shaalan et al., 2017) and for the succession of carrion beetles in different habitats in 

Riyadh (Mashaly, 2017).  Prevalence studies have been conducted for Iran (Haghi et 

al., 2017).  First reports of the blow fly Chrysomya megacephala come from Algeria 

(Taleb et al., 2018).  Ten species of blow flies new to science have been reported from 

Tunisia, the Sinai Peninsula and adjacent areas (Rognes, 2002).  

 Life cycle parameters of local blow and flesh flies are important for 

estimations of time of death.  Development rates for the flesh fly Parasarcophaga 

(Liopygia) ruficornis (Diptera, Sarcophagidae) have been determined in Riyadh 

(Amoudi et al., 1994), for the blow fly Chrysomya albiceps in Baghdad (Augul and 

Jassim, 2009), Jeddah (Al-Shareef and Al-Qurashi, 2016; Al-Shareef et al., 2016), for 

C. albiceps and Calliphora vicina (Salimi et al., 2018d), and including flesh flies (Shiravi 
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Keys and check lists to forensically important species 

Species Country Reference 

1. Diptera 

Blow flies, Calliphoridae Middle East Akbarzadeh et al., 2015; El-Hawagry and 
El-Azab, 2019 

Egypt Shaumar et al., 1989 
Oman Deeming 1996 
Saudi Arabia Büttiker et al., 1980; Dawah and 

Abdullah, 2009b; Setyaningrum and Al 
Dhafer, 2014 

Flesh flies, Sacrophagidae Egypt Shaumar and Mohammed, 1983; El-
Hawagry and El-Azab, 2019 

House and stable flies, 
Muscidae, Fannidae 

Saudi Arabia Dawah and Abdullah, 2009a 

Hump-backed or Scuttle 
flies, Phoridae 

Saudi Arabia Disney 2006, 2009 

Synanthropic flies Saudi Arabia Büttiiker et al. 1979 

2. Coleoptera 

 Palaearctic Diaz-Aranda et al., 2018 
 Egypt Alfieri, 1976; Sawaby et al., 2016 
Woodworm beetles, 
Anobiidae 

Saudi Arabia Español 1979, 1981 

Ground beetles, Carabidae Saudi Arabia Basilewsky, 1979; Heinertz, 1979; Mateu, 
1979; Mandl, 1980; Nagel, 1982; Mandl, 
1986; Mateu, 1986 

Bone beetles, Cleridae Saudi Arabia Winkler 1981; Menier 1986 

Skin beetles, Dermestidae Arabian 
Peninsula 

Háva, 2011, 2015 

Saudi Arabia Mroczkowski, 1979, 1980 
Clown beetles, Histeridae Lebanon Shayya et al., 2018b 

 Saudi Arabia Kryzhanovskij 1979 

Sap beetles, Nitidulidae Saudi Arabia Mroczkowski 1979; Jelínek 1988 

Carrion beetles, Silphidae Saudi Arabia Schawaller 1981 

Rove beetles, Staphylinidae Saudi Arabia Coiffait 1979; Puthz 1980; Coiffait 1981 
Darkling betles, 
Tenebrionidae 

Saudi Arabia Kaszab 1979; Kaszab 1981; Kwieton 1981; 
Kaszab 1982 

Hide beetles, Trogidae Saudi Arabia Scholtz 1980 

3. Insects 

 Egypt (in 
tombs) 

(Huchet, 1996) 

Iraq Derwesh, 1965 
Saudi Arabia (Al-Ahmadi and Salem, 1999) 
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3.1 Introduction 

A significant part of crime investigation focuses on the crime scene investigation and 

the evidence obtained from that scene (Fish et al., 2013).  Evidence may take many 

forms and the successful isolation of samples of reliable and valid sources of 

evidence remains an important feature of contemporary forensic analysis (Evans and 

French, 2009; White, 2016; Ramirez and Parish-Fisher, 2017).  Although 

contemporary analysis often revolves around the identification of DNA samples and 

the accuracy of matching these samples with a perpetrator (Bond and Hammond, 

2008), both biological and non-biological material may hold clues regarding 

important aspects of a crime (Fish et al., 2013).  Therefore, identifying useful avenues 

of forensic analysis within a scene can require a wider consideration of the available 

evidence.   

 One of the most ubiquitous components of most crime scenes, particularly 

those based indoors, is dust (Evett, 1993).  Dust is not a single substance, a 

microscopic accumulation of degraded matter derived from many sources (Gardner 

and Krouskup, 2018).  Within dust, there can be biological and non-biological 

materials, all of which hold the potential to identify how individuals or objects have 

interacted with others and the environment (Evett, 1993).  Dust is not only a static 

medium, but also serves as a food source for dust mites, which are common in the 

house (Gardner and Krouskup, 2018).  These mites feed on biological matter, 

including skin particles, within dust and potentially act as reservoirs for biological 

matter from a crime scene (Frost et al., 2010).  Indeed, forensic acarology is an 

emerging field that relies on the use of mites in the analysis of trace evidence (Braig 

and Perotti, 2009; Perotti et al., 2009; Dhooria, 2016; Perotti and Braig, 2019).   

 Although dust and dust mites are commonplace in crime scenes and have the 

potential to hold clues regarding the details of the crime and the guilty parties, they 

are often overlooked resources in forensic trace analysis.  The aim of this paper is to 

provide an overview of the contemporary literature on the potential of dust and dust 

mites as useful forensic tools during trace analyses.   
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performed to a high degree and the majority of these mites are preferential 

consumers of human skin (Calderon et al., 2015).   

Based on the potential to characterise mites in this way, the forensic potential 

of dust mites is an area of interest (Frost et al., 2009).  Indeed, mites that consume 

human skin may concentrate DNA within their digestive systems, yielding 

advantages over fibre analysis, which does not allow identification of DNA samples 

(Grieve and Wiggins, 2001).  Further appreciation of the dust mite digestive process 

and potential to hold DNA from human samples is needed to extend the potential 

value of trace analysis with these organisms.  Dust mites consume the epithelial 

layer of skin following shedding.  The digestive process is initiated through 

mechanical breaking of skin cell fragments in the foregut, followed by endogenous 

enzyme degradation (Cakan et al., 2015).  Digestion of skin cells is incomplete within 

the digestive tract and both undigested and digested matter are coated in membrane 

and transferred to the rectum (Hallas, 1991).  This membranous digestive product is 

excreted in the faeces but contains a sufficient quantity of enzymes to continue skin 

cell breakdown and digestion and mites may consume their faeces to obtain further 

nutritional content as a consequence (Hallas, 1991).  The process of digestion and 

faecal deposition in dust mites is well described and temporal control of this process 

holds a potential to estimate DNA content in digestive tracts based on time of skin 

cell deposition in the local environment (Cakan et al., 2015). 

 

 
























































































































































































































































































































































































































































































