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Abstract

Forensic science is defined as the application of scientific or tadhpractices to the
recognition, collection, analysis, and interpretation of evidence for criminal and civil law or
regulatory issues. A combination of computer science in the field of 3D reconstruction and
molecular biology science and techniques wergleyed in this research aims to document

and record a complete picture of the body decomposition process including the changes of the
microbiome over the decomposition process.

In this thesis, the possibility to reconstruct the crime scene and the desithomporocess was
investigated. In addition, a 3D model aiming to integrate the biological and thanatological
information was generated. The possibility of utilising Autodesk 123D Catch software as a new

tool for 3D reconstruction of a crime scene wasdhghly evaluated.

First experiments demonstrated that the number of photos required to obtain the best result was
specified to be from 20 to 30 photos as a minimum. In addition, significant experiments were
performed in different conditions of sizes, &ions, and different involved materials. The
measurements were obtained from the models using the same software were compared with the
real measurements of the tested objects. The result of the correlation between real and estimated

measurements showedery strong agreement ranging from 0.994 to 1.000.

With reference to the documentation of the decomposition process, there are different factors,
intrinsic and extrinsic, have been reported affecting the decomposition of a carrion/body. These
factors mainy interact with the rates of the biological and chemical reaction happening after
death. The biological reactions are mainly due to the activity of microorganism and insects.
Pigs Sus scrofalomesticuswere used as a model for human studies and theésediained

have been applied to other mammals without considering the effect of fur on the decomposition
process and on the insect and microbial colonisation. In order to investigate this point, rabbits
(Oryctolagus cuniculyswith and without fur were @sl in two sets of experiments at

Huddersfield in summer 2014 and in spring 2015.

The results obtained in this study showed a similaritthe decomposition stages between
animals with and without fur. However, the decomposition process was faster theing
summer due to the fast of insect colonisation and activity. In addition, the entomological data
collected during the summer and spring experiments were demonstrated that the same taxa

nearly were present in both seasons, exd¢dyirotaea (Diptera, Musaae), which was



presented only in the summer experiment, moreover, only one samplecibl sericata
(Calliphoridae) was detected in the spring season. Differences in colonisation time were
observed only in spring experiment; animals without fur weldentged two days before
DQLPDOV ZLWK IXU 7KH VHDVRQ FRXOG KDYH DIIHFWHG

decompositiorvolatiles.

The microbial communities during the decomposition process were investigated using
%,2/2* (FR3ODWHE xfaBle WHS Hegioh®HLES rRNA gene was used for their
molecular identification based on pyrosequencing. Eurofins Genomic Operon usi@S454

Junior pyrosequencing platform (Roche) carried out these analyses.

The functional diversity of the bacterial mmunities on all carcasses samples showed a
considerable variability depending on the stage of the decomposition and the sampling region
(Oral cavity, skin and interfaegandcarrion) in both seasons. Furthermore, over the molecular
analyses of bacterialoommunities at the phylum level, four main phyla of bacteria were
detected among analysed carrion during the decomposition process. These phyla were changed
significantly during the stages of the decomposition and between sampling regions. While no
difference was observed due to presence or absence of fur. On the other hand, the analysis at
the family level was able to highlight differences at the temporal scale but as well as carrion
with and without fur. The statistical analysis results showed a sigrtifdifference in the
bacterial community family distribution among the presence of fur and among the

decomposition stages, with significant differences among sampling regions and seasons.
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1. Introduction

1.1ForensicSciences

Forensic science comprises applying scientific principles and approaches under theaflomain
law and legislation aiming for the execution of justice through providing valid evidence that
can confirm the location of the committed crime andgbenario thahas been followed to

commit the crime

Forensic science is serving two main tasks, aadythe physical evidence, and providing the
resultant information to the coyiirk, 2009) The man principles concerned witheforensic
science are the identification and the interpretation of the physical evidence. In fact, the binary
combination of science and technology are representing as the independent witness in the
criminal or the civil aspectSaferstein, 2013Bcience and technology are having a close term
interference,n fact, the most developmenttbie forensic science is depending on the parallel
development of the technology in varicsgence fieldgTilstoneet al 2013) The provided
supporting evidence must be stgoand valid enough to be utilised in the legal procedures at
an elevated level he longstanding forms of forensic physical evidence including fingerprints,
bloodstains, hairs, fibres, soils, and DNA, which can provide a high degree of the scientific
cettainty, also, to determine that evidence came from one solurcaddition, identifying
sampling origin in accordaneéth the sourceor source®f aknown origin in order to exclude

the rest based on the analysis of eviddKaely, 2005)

Physical evidence is having a critical importance throughout the criminal investigation, due to
the fact that the information provided by the victims, suspects, and witnessessadereshas

incomplete and inaccuraf€ouncil, 2014)

The investigation scheme tie crime scenes including evidence identificatigrcollection,
preservationand transportation, in addition, all the necessary tests that aid in proving or
disproving the characteristics of samples. The conducted forensic laboratory analysis might
provide a comprehensiygatformfor characterisation and comparison of the quasticsource

andtheknown source samples.

Throughout the investigation process, investigators might provide an alternative interpretation

of analyses, with the derivaéiion of new conclusion&ouncil, 2014)



According to Klinkner(2009, the basic principles of the forensic science methodological

approach are:

x Determination and understanding of the information and evidence that capdtbed
at the crime saee.

x Following valid procedures for collecting and recording evidence

x Implementing the evidendesting phase according to the standards.

x Providingthe evidentiatequirementgor the court judgemer{Klinkner, 2009)

1.11 The Importance of Forensic $iences

The forensic science is encompassing a vital part of the reconstruction of the crime scene by
using various disciplines including Pathology, Anthropology, Microbiology, Toxicology,
Chemistry, etc. The forensic scierean provide a supportive evidence in regards to the details
of thecrimescenariancludingthe crime approach, the location, and the time of the committed
crime. Furthermore, thémplementationof forensic science approaches and the relevant
technology ghibiteda remarkable usefulness in investigative cases involving missing people,
whether they are crime victinm wanted criminals. Additionally, in regards to the oppression,
the mistaken victims, and the relevant forensic cases, the mainstay of teewegdicts under

the law legislation of attaining justice is based on the forensic scientific evidence in the
corresponding crime scene following various scientific and medical approaches (civil and
criminal)(Fisher and Fisher, 2012)

Forensic science includes several disciplines from biology-tdrke investigation. A list of

some forensic sciences is regartas following:

Forendc Archaeologyis concerning the scope of determining the cadaver location and the
recovery of the geophysical surveying techniques, moreover, applying-ghaimentation

and imaging throughout tHerensic investigatioiwWhite, 2010).

Forensic Anthropology deals primarily with the identification and examination of human

skeletal remainéByers, 2015)

Forensic Ballisticsis a scientific domain, which allows the rational applicatibbadlistics for
serving scientific purposes, aiming for the attenuation of justice. This heterogeneous discipline

of science is availing a major fundamental task which is the restructuring of the fatdhtaino
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crime scenario associated with gunshgunies (Karger, 2009) Furthermore, this sector is
defined as the science of the projectiles motions, in particular téhctimes committed

through the monopolisation of firearr\&arlow, 2016)

Forensic Biology,this scope of science is acting as a layout platform, which permits the
intellectual application of the life science knowledge and theories into the forensic
investigations sessions. The fundamental attention of this science sector has been directed
towards the analysis of the extracted DNA samples and the collected bodypirfésdstat the

crime scene (AAFS).

Forensic Computer Sciencethis domain of investigation is concerning the scanning of
computers and the suspected devices for the purpose of exploring digital data as a main or

supportive investigative eviden¢&garwalet al 2011)

Forensic Entomologyis the study of insects, and forensic entomologists use in civil and

criminal casesAmendtet al 2007)

Forensic Engineeringis concerning the investigation of the failure analysis, restructuring of

accidents, and discovering the origincoimbustion anéxplosiongSaferstein, 2013)

Environmental Forensicsis defined as the systematic and scientific evaluation of physical,
chemical and historical information for the purpose of developing defensible scientific and legal
conclusions regarding the source or age of a contaminant release into the envi(dumgimy

and Morrison, 2014)

Forensic Graphologyis the study and auditing of handwriting, particularly the handwriting
associated with characteristic cases such as ransom notes, poison pen letters or blackmail
demandgOliveiraet al 2005)

Forensic Odontology is involving the extensive study of teeth aiming for providing
information about identification and age estimatioMoreover, this scope of science is

concerning the investigation of the bite marks associated c(Badsrstein, 2013)

Forensic Pathologyis appliedaiming for investigating the causes of unnatural, unexplained,
and brutal death through the implementation of inclusive examination of the body and its
remaing(Rowlinson, 2015, White, 2010)



Forensic Photographyis a fundamental element of crime scene investigation, especially for

the documentation purposes. Forensic photographers are responsible for recording the crime
scene throug_sterburg and Ward, 2010)

Forensic Psychologys an area in which the relationship between human behaviour and legal

proceedings is examiné8aferstein, 2013)

Forensic Toxicologyis the study of the effects of extraneous substances such as poisons and
drugs in the bodywhite, 2010)

Depending on the type of the crime, all these forensic sciences disciplines are functioning
collectively aiming for performing a comprehensive investigation and reconstructing various

crime scenarios for accomplishing the prime aims, justice restoration and culprit condemnation.

1.12 Definition of Crime

A crime is something that is against the law, andanigan illegal and incorrecction, which
is defined by the law as an offeraed forwhich punishment is prescribed. Accordingly, there
are four elements which are considered as the base of the crime events, namely, legality,

conduct, unlawfulness and guilCoetzee, 2009, Douglas al. 2013)

1.13 Crime Scene

A primary crime scene is a ldgan where a crime occurred, and where the majority of physical
evidence can be found. However, the scene of a crime can be any other places or any other
things, which contain physical evidence related to the committed crime. For instance, the
vehicle usedby the suspects to and from the scene might also contain physical evidence related
to the-:rime, the vehicle will be considered as a neagsaeea of investigation.

Also, other areas needed to be investigated including the residence pldoe sidispect,
searching for robbed items, weapons, burglary tools, any tools that might be exploited to
commit the crime, or any other evidence that can be found, all are defined as a secondary crime
scengCoetzee, 2009)



A secondary crime scene has to be processed in the same way as the primary crime scene to
collect the physical evidence. A crime scene can be very small or limited, such as the back seat
of the car where the sexual abuse occurred for ebeamponly one room in the house. Also, it

can be wider, like the entire of the howseoutside the house (streegrden, etc.JDutelle,

2016) The crime scene is the initial starting point for the investiggiimcesgo take place,

through the collection of the evidence that can aid in the identification of the criitlia&ay,

2011) Additionally, the comprehensive investigation of the crime scene can allow the logic
creation and the reconstruction of the committed crime. Significantly, the investigation process

of the crime scene must follow a detailed systemaiic@ach(Bostanci, 2015)
A crime scene can be als@ssified as following({Lee and Pagliaro, 2013)

x Type of crime(murder robbery, sexual assajlt

x Physical bcation (ndoor,outdoor).

x Physical condion (buried, underwater).

X The boundaries of the scene (hqusemputer, car).

X The apgarance of the crime scene (organisksiorganised crime scene).
x Activity (active, passive scenes).

x Size of the crime scenwide, macroscopic, irroscopic scene).

1.14 Evidence

The evidence is defined as any information or objects submitted legally to the court as a leading
proof of the discovery and the confirmation of the truth of any alleged and suspected mater of
facts underinvestigation. Moreover, underthe forensic science context, the evidence is
synonymouswith the exhibit in legal termsThe evidenceas defined as any item or sample
collected from the crime scene as a result of the investigation process, including any objects,
biochenical or chemical substance, marks and traces such as swabs, whole objects, fibre,
debris, fingerprint, and footprints or tires, etc. that provide information about the investigated
crime(Tilstoneet al 2013)

The primary sources of physical evidence are the victim, suspect, and crime scene, in addition,
the secondary sources include tesidence place or any places related to the sudpeaglas
et al, 2013) The exploration and examining of evidence can support the forensic investigation

in variable manners; for instance, trace an illegal substance, identification of the remains, or the
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reconstruction of the crimsecenario These investigative approaches can be implemented
utilising tools and techniques aiming for the identification, collecting, analysis, data
interpretation, and evidence preservation. Generally, evidence cites datasthtd can be
exploited in the court to be considered by the judges and(jueiesind Rgliaro, 2013)

1.14.1 Forensic Bvidence

The science area of application in criminal law usually concerns evidence collection, analysis,
and interpretation of information. Due to the complexity of the crime scene environment,
different scopes of scier have to be used simultaneou#liely, 2005) In order to reconstruct

the criminal events, various kinds of evidence can be collected and thoroughly analysed. In
terms of the accepted legal characterisation, forensic science evidence can be divided into two

kinds adollows;

x Testimonial evidence, which is the evidence provided in the form of statements made
under oath.

x Real evidence, is based on the examination ab&shwhich can be in a wide area such
as a house, or small as fibre, or as fleeting as an odour, or as obvious as the explosion

scene.

Forensic evidence can be classified depending on their utilisation throughout the investigations
(Table 1) (Tilstoneet al 2013)

Tablel.Forensic evidence classification

Type Discerption Example
Inceptive Refers to the commission of a crime Identification of the fire cause is it
(‘accident, arson)

Exclusionary Eliminates something and thus refuse DNA profiling of semen in a rape crime
hypothesis

Associative Uses exclusion and confirming to assess Soil, fingerprint, DNA
links between people and places

Corroborative Supports a hypothesis but could arise ' Fibreson thesuspectlothing that could
other reasons come from the victim clothing

Additionally, evidence can be classified into other two essential categories as follows:



Direct evidence includes eyewitness statements or recorded video by police cameras. In court,

direct evidence involves testimony by a witness about what that witness personally saw

Circumstantial evidence is an indirect evidence that can be used to reconstruct the criminal
event but not iradirectway. Moreover, the circumstantial evidence may provide the relation
between the crime scene and thespect The nature of this evidee could be physical or
biological nature, the physical evidence includes tool marks, or impressions such as fingerprint,

footprints, and tire impressidirig. 1).

Moreover, physical evidence includes fibres, weapons, and bullets, etc. While the biologica
evidence including body fluids, hairs, parts of plants, and natural fibres. Most of the collected
physical evidence, except the fingerprints, is aiding the reduction of the numbers of the
suspectsln addition, the biological evidence might usually lithieé suspects to a small group,

or sometimes reduce timeto the most likely individuglRamsey, 1996)

[ Evidence ]
1
v v

-,
[ Direct ] Circumstantial]
.

A
v v

~
[ Biological [ Physical ]
7

Figurel. Evidenceclassification.

List of somecommon physical evidence with the commonly associated forensic analysis is
listed as following:(Kiely, 2005, Layton, 2006, Schiro, 2007)

x

Shells (Ballistics).

x

Signs of teeth (bitinghite marks

x

Fragments of glass.

X

Shoes (footprint).



X The impact of the wheels of vehicles.

X Trace evidence.

x Body fluids (DNA analysis and pattes of blood).

x Paint (Analysis of paint flakes).

x Marks on the tools (analysis crush, scratch and digging).
x Hair (All analyses of hair (human animal).

x Fibres (All analyses of fibres (natural Industrial).

x Fingerprints.

x Firearms.

x Documents (Forgery (anaigof documents).

X Soil and dust.

This kind of evidence is questioned by the AAFS validation committee.

1.15 Crime Scene hvestigation

Crime scene investigation is an important area in forensic science, it is the first step of the
criminal investigatio process after conducting the crime scene analysis and collection and
submission the physical evidence to the relevant forensic laboratories. Crime scene
investigation is not a mechanical process, but a sequence oftetepdow the reconstruction

of the crime scene. Scene processing is the term applied to describe the sequence of steps and
the proper measurements taken to investigate a crime and to reconstruct the circumstances of
the crime, through the identification of the events and collect thagahysidence that can

lead to the identification of the offenddGardner, 2011)Crime investigation usually begins

at the place where the crime was committed. Tha hes to be secured for preventing the
destruction of crucial physical evidence and preserve any useful information that can lead
investigators to link the perpetrators to the victim. The size of the area to be secured varies with
each crime, and a seriefsprotocols prepared to secure and protect evidence should be followed
(Fish et al 2013) The crime scene investigation is more than the careful and attentive
processing, documentation, collection and packaging of the physical evidence, it is the

integration of all the formerly mentioned elements within the forensic processes.

Nevertheéss, the crime scene investigator or forensic scientist ability to identify the potential

various physical evidence is the foundation and base of all the forensic investigations.
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The following recognition of physical evidence besides the identificatitreqirobable source

of the evidence is the next stépfact, the crime scene investigations are the first step towards
understanding and establishing what, when, where and how the crime happened as well as the
suspects involved in the crinfeee and Pagliaro, 2013)

1.15.1 The Process of Crime Scenenvestigation

Processing and managirthe crime scene as technical disciplines are considered as major
critical aspects of the effective criminal investigatiqdalian et al 2012) A crime scene
investigationidentifiesthe cascades avents, whichhave been taken place and led to the
committed crime through the c#&wk organisation documentation collecting, preserving,
interpreting, and reconstructing the physical evidence at the crime scene. Moreover, the
objective of the examination of the physical evidence is to provide supportive information to
the investigatio process. From the intersection and the positive collaboration of these
objectives, a proper scientific crime scene investigation can be obtained and accomplished
(Julianet al 2012) The investigator processes the scene in a logical order by following the
requested various stag@sg. 2) (Gardner, 2005)

4. Search for
and collect

3. Document evidence 5. Release the
the scene

scene

2. Assessment 6. Analyze and

and walk interpret
through \ evidence
Crime Scene \5
Investigation |
1. Control and 7. Case
protect the management

scene

Figure2. Schematicepresentatioof the process of ane scene investigation



1.1.6Crime Scene Dcumentation

Documentatiorof crime scenas a preliminarystep in the crime scene investigation process

and the reconstruction of the crirff@sher and Fisher, 2012)ocumenting the scene begins

with the first responding officer, for any class of cases, whether it is a burglary, assault,
accidental death, etc. The crime scene must loeirdented after conducting an extensive
evaluation bytheinitial scene survey. Prior to any shifting or moving or even touching of items
present in the crime scene, the whole scene must be fully documented to gresurareery
preserved recording of tleeene in the first founded initial conditiorhus, the main aim of the
documentation process is to record and to preserve the situation of the crime scene and the
relation between the physical evidence found in the scene. Moreover, to link the physical
evidence with the crime scene status when it was observed by the exéduitedie, 2010)

The documentation of the crime scene is the ntimse-consuming activity among the
investigationcascad@and requires the investigator to remain organised and follow a systematic
approach throughout the process for more comprehensive and complete documentation process

and more accurate and defensible tbconstruction can §8cott, 2009)

In the documentation phase for processing the crime scene, all functions have to be in
correspodence and to be consistent in depicting the crime scene. Consequently, the fully
documented crime scene permits the ability of the investigators to perform the effective
reconstruction of the crime event and deliver it to the courtroom. There are diffezthrods

to document a crime scene such as description, notes, printed forms, sketch, 2D drawing, 3D
models, photography, and videotap&se documentation is important to create a detailed
record of the scene, evidence recovered, and actions, whictbéandaken place during the

search of the crime scef®bu Hanaet al 2008)

However, the four major steps of the documentation proeessnotd as recording,
videography, photography, and sketch All of these four steps are necessary to be
implemented and none can perform as an adequate substitution for the other. Any type of
demonstrative evidence must be verified by authenticity, accuracy and identifidiamner,

2011) The accurate recording of crime scene details is crucial for several reasons: first, it will
provide investigators with unaware information; furthermore, it will provide an assistedl in th

reconstruction of the scene by the court. Nowadays, high geometric accuracy 3D crime scene
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reconstructions techniques are frequently used for forensic investigations, since evidence
gathered with topographic and photogrammetric devices can be more lnogiijpeljuries and

allow investigators to virtually revisit a crime scgAgostoet al 2008)

Furthermore, to ensure the integrity of all evidence recovemu fa crime scene and
demonstrate the credibility of a crime scene investigator, it is important to make extensive
records.This requires the completion of several interrelated documents for all of the recovered
items(Scott, 2009)In the other hand, errors can be raised from the incomplete documentation;
therefore, all aspects of the scene have to be documented through the crimeogmapity,
ensuring that all critical evidence has been documented. Adherence to a systematic
photographic technique as well as a standard scene processing model will significantly

eliminate possible erro(&ardner, 2011)

However, the purpose of the crime scene documentation is not just to document the physical
evidence, but also to document the whole scene. The term entire scene including the
unreachable points in thealls, ceilings, and object$he lack of photalocumentation of these

areas may result in claims by lawyers of evidence that was present on the surfaces that the
SKRWRJUD S K Fo? enLa¢addglistinga successful photographic documentation, the
entirescene mudte completely documented through photo capturing, in both cases of presence

or absence of evidence to prove that nothing was {Berielle, 2010)

There are multiple reasons, which confirm the significance of documenting the crime scene,
one of the prime reasons is to provide a permanent record of the crime scene in the initial
founded state to be used during the investigatiorfunction as a reminding tool for the
investigators or witness, also, in court if the case culminates in a trial. An additional reason is
to provide a platform for counting the steps followed during the processing of the crime scene
Furthermore, documéng the degradable physical evidence in which the preservation process
is problematic until its recovery from the scédacken et al. 2011) In addition, the essential

tools which aid in the effective documentation of the crime scene during investigation including
Photographs, sketching, videograpbyQ G W Kridp&t§(FfsNet al. 2014)

1.16.1 Reports or Notes

Extensive recording of notes and observation for all physical evidence recovered from the crime

scene is considered as a significant aspect, including the location mtivbighysical evidence
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has been discovered, who has collected the evidence, at which time, and a description of the
item itself. Additionally, overall notes regarding the scene should be recorded, including the
surrounding environmental conditions, ang ather relevant details. Sketches gemerdly

utilised to provide an illustration iregardto the locations, dimensions and significant object

orientations founded at the scene, also the relevant measurérisingt al. 2014)

A chronological order for the documented notes and observations is important, and it must be
exhibiting the lack of any analytical findings, conclusions, or personal suggestions.
Subseqantly, the documentation areas of the investigation process are only restricted towards
the crime scene observed facts, the documented notes are adaptable to any updates throughou
the investigation process. In addition to the observed notes, thereahfactitrs needed to be
recorded such as the date and time indicators (e.g., newspapers, Mail), general descriptions of
the scene and surrounding area, open doors and windows, any person who was present at the
crime scene, victim and witness statementsucgl or any characteristic smell and lighting
conditions(Miller, 2013).

1.16.2 Sketches

Sketches are utilesl along with the images and reports to documenttime scenéA crime

scene sketch is a simple drawing that exactly demonstrates the state of a crime scene, the
position of the relevant items, and the relationship of the i{&aferstein, 2013)These must

include thereal measurements, without the urgent need to reach to the architectural drawing
scale. Furthermore, for courtroom presentation, the -deamin sketches can be converted
usingcomputer programs such as CAD, whicb\pde a dynamic, professional appearance to

the sketcheéDutelle, 2010)

One of the main advantages of a sketch is that it can coverspates anscenesalso,it can

be instantly sketchedto give a clear diagram of the scene with the accurate orientation.
Sketching acts as a complementary aid to the photographs and videewine locationto

obtain the proper dimensions of thenoel scene as both (pics and videos) can distort those
measurements. Usuallthe usage of the sketch gives a complete detailed of the crime scene
status whereas the twds L P H Q Yho@apfi does not show the accurasasurementsf
objectsand betweenhiem Moreover, the sketch is able to reprasthe whole scene in one
paper(Miller, 2013)
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Rough sketcheand finalsketches ar¢éhe wo types of sketchegsedfor documentation of
crime scenéFig. 3) (Saferstein, 2013)

=

Figure3. (A) Example of a rough sketch (B) final sket€) Exampleof afinal sketchusing CADprogram

The sketch ixonsidered aan important aspedf the documentation of the crime scexsst
describes the physical facts accuratétlyalso provides the ability to document the exact site
and present the relationtheen the existing objects and the olisdrevidence at the crime
sceneln addition, it can be a useful tool in the creation of the overall picture of the crime scene
for the distanced observers such as judges, juries, witnesses, and others. Furtitecarore,
provide a permanent piece of court acceptable record of the crime scene. Additionally, it can
thoroughly support the preparation of the investigative reports by the investigators and provide

help for the clear presentation metcourt by the casegsentergLayton, 2006)

1.16.3Videography

Scene documentation also includes videography, especiallyrolemeasesVideo recorihgs

can provide supportive information for the layout of the crime scene, such as the specific time
intervals, which was required to move from one location to the other, and how many turns were
presented. Once the investigation has proceeded furthestidetef forgotten things and errors
(Layton, 2006) lllustratively, during a video watkhrough the crime scene, the crime scene
invedigator captures the whole crime scene and the areas around the scene from all the possible

angles and record a continuous audio narrgEigh et al 2014)
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1.16.4 Photography

Photography is the most important of the crime scene documertetlomquesby producing

a lasting visual record of the crinseene and discovered evider{€eott, 2009)Photographs

capture time in a unique way; they provide a static representation of a scene, reflecting its
properties at a specific timeterval Thephotograply isthe essential way ithedocumentabn

process andnimportanttool in thefield of crime scene investigatioRhotos areapturedof

the overall scene as soon as possible to record the scene as it is observed before anything is
handled movedor added tadhe scené¢Pastraet al. 2003)

Phobs cover the condition and orientation of the overall scene, the location, and if possible, the
relationships between different areas in the scene as well as to the variousf igficence
found at the scenéSuboch, 2016)Photo documentatioallows the viewer toobservethe

necessary detail of spic items found in the scer{iller, 2013).

Collectively, all that can be achieved by three main kinds of photos, which crime scene
investigators need for crime scene documentation as follow®vérall scene photos showing

the possible view of #hscene. (2) Evidenasstablishing or migtange photos presenting the
relation between the items. (3) Evidence clope(Layton, 2006)

Closeup photos are usually captured of the items that incadli@l numbers or tags. The
following photo with the addition of a measuring tool is captured for the same items; these
photos helpthe analytical processn addition, special techniques photographs such as
panoramic photography are used to capture the large @cayten, 2006) The human visual

is nearly 180 degreesubthat of a standard 5&m camera lens is approximately 80 degrees.
Photos are taken and merged tbgetusing differensoftwareto presenta completeview
(Fisher and Fisher, 2012)

1.16.4.1Capturing Photos of the $ene

The photos can providaipportiveevidence and information about the crime scene only when
the images capture the whole scede the other handhe images calpe misleading due to the

type of imaging capture process (perspective projection, lens adisrétc.).

The mainobjectiveof capturing the overall photographs is to recover the general condition and

layout of the scene. The photographer always seegaptimre the whole scene including the
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most visible landmarks (e.g., doors, furniture, bodies), and the original condition of the scene
prior to the significant chang@&herefore overall photographs are always the first photos taken
(Suboch, 2016)

Overall photographs normally are used to capture the room or the Sceiadly, it is believed

that taking photos from the opposite cornefstlte scenas a goodpractce for the overall
photographs capturin@ig. 5). Throughrepeating this process for each corner of the scene,
which is resulting in four photos that provide overlapping coverage of the complete scene. In
addition, wideangle enses (e.g., 28 mm lens) are often used to allow the photographer to
capture a wider view in a single pholde ability of the photographer to capture wide areas of
the crime scene can be enhanced through the utilisatextreine wideangle lensesalthough,

as the field of the view increases, more peripheral distortion might occur. Therefore; a wide

angle lens is not suitable for crimeene and evidence photograg@adner, 2011)

Figure (4)summariss three different kinds of photos capturing form differescenarios.
Panoramic imagearealso affected by similar problems. In factamual modelling of the scene

is difficult and may not result in a realistic mo@Bbstanci, 2015)

Interior Isolated Object Facade

Figured. The directios of photos taken for different cases of capturing the object or the.scene
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Figure5. Overall photographs are exposed so they overlap each Attygrical procedure is to go to the corners
of a room and take photographfrom each one, looking to the opposite corner

1.16.42 Digital Imaging

Digital imaging is recently considereas a powerful new technology utiliseid capturing,
analysing and recording the crime scene and the associated physical evidgnég {Fiis
introduced technique utilised as a complementary to the traditional common tools: video,
photography and sketches. they all have been utilised collectively in crime scene documentation

for criminal investigatiorfMennell and Shaw, 2005)

The digital images are featured with superior atlzges including the ease of access to the
captured images, the simplicity of integration into the common electronic technologies,
overcoming the need to the expensive film processing equipment and speciallio@msjor
drawback of this technique is thalnerability to the digital manipulation, which can affect the
issue of court admissibilityHowever, implementing policies and written precautions in order

to monitor and regulate the use of the digital images can minimise and eliminate the defects and
the disadvantages of the technique. As proclaimed and agreed by the law enforcement
community, the digital imaging crime scene documentation can be effectively utilised as a
supportive supplemental technique, but not as a complete replacing apprtectraditional

common techniquedBostanci, 2015)
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Figure6. Recording of dme scene and evidence usegandheldigital camera

1.1.7Crime Scene Reconstruction

The reconstruction of the crime scemes been developed and evolved duringli®@0s as a

new aspect of forensic sciences that combines areasafmonmber of different disciplines.
Crime scene aconstruction is the use of scientific methods, physical evidence, and their
interrelationships to gain a clear knowledge of the series of events relathd ¢cdme
(Clemens, 1998)n general, he crime scenexaminations are recommended to be performed
asquickly as possiblealthough in somexceptioral circumstancea delay in the investigations

is approvedThis is a result of the nature tife evidencgas itis usually ephemeral and lasts

for a very short time. Moreovethe scenes of crimmight presenta variation in theevidence

This variationstands aanenormoushallenge facing thmvestigators and forensic examiners
efforts torecordand document the scedetailsfor subsequent analysishistypically includes
detailed measuremerity means ophotography and vidgmaphy Subsequentlynvestigators
create scale drawings of the sceaadin somecasesthey make physical model$he main
purpose of reconstructing a crime scene is to obtain accurate information describing the cascade
of events surrounding the committed crime using physie@lence, scientific methodsné

their interrelationshipBoth the evidence found at the crime scene and the evidence collected
during the time of the crime, contribute the reconstruction of the crime scene in four
dimensions: width, depth, height atiche (Knox, 2012)

Crime scenes can be reconstructed usargpuslevels of detailis correlatedwvith the aim of
investigations A crime scene reconstruction is a @ees of determining or eliminatirtge

actions thahappened at the crime scenethganalysis of the crime scene pattern, in addition,
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the location and position of the physical evidence,thadesult of the laboratory examination
of the physical evidendg.eeet al 2001)

Throughout the recent years, the persistent improvements in techrao®tpllowed by a

parallel interest in implementirtgis technologcal techniqueo ease the forensic investigation,

these techniques such as designing computer graphics software which can simulate the crime
scene. This approach can offer several advantages in comparison to the traditional methods,
including the creationf apartialrealistic view of the scene from different positions and angles,
additionally, combining forensic with the computer modelling. Until now, most of the crime
scene reconstructioprovide adjustable 2D and 3D views of Cad modekxndered using
standard local illumination techniques. While such systems can be of substantial benefit to
investigators, they are not primarily concerned with creating reconstructions that attempt to be
realistic(Howardet al 2000)

The overdl all documentation process, including the pictures capturing, recording
measurements and notes of the crime scene is consatexredoblematic processTherefore,

it is required to assign updated approaches featured with accuracy, details oriehtaddfas
capable of preserving, viewing, and preserving the crime scene to the jury. As an out to date
example, one of the advances in the useful recent technology in law enforcement is the
developing and the adaptation of the higbolution cameras that g&s the ability to capture
multiple images during a short period of timidis technique can aid in cataloguing the entire
crime scene and documenting most of the depadsenin the crime scene, thus, considering

it as a useful tool for the investiga@nd forcourtthepresentationSome cameras are designed

to able to capture images in 3&@gres, thesecameras are offering a massive easgiti§ation

and great flexibility. Furthermore, the laser scannersareprecisean the investigative scen

A permanent visualising record of the entire crime scene can be digitally created through this
technology. Additionally, it permits the investigator to review the image immediately after
capturingit and allows the proper adjustment to the capturedophGbnsequently, the
reconstruction of the crime scene has been evolved during the recent years, and becomes an
implementation area for imposing the high and sophisticated technologies, such as Total
Stations, Panoramic cameras and now 3D ScannersjFigstead of the outdated techniques,
such as the tape measure and recording information and data in a papéKatm2015)

The processf crime scene reconstruction should be performed optimally in a short period of

time, thus, time management and arrangement is a problefaetiic in the investigation

18



Additionally, the cime scene is vital entity can provide supportive perception in regards to the
crime event cascade, which has been taken place in a specific time interval, and in accordance
time unit, second, minutes, hours, and even days or more. Therefore, the prododigggime

can inform about the magnitude of evidence which has been observed and collected thoroughly,
also, the sequence of recording is considered as a vital aspect through the docunfiéntatjon

2012)

Figure7. Different approaches used for capture a crime s¢@nB) outdoor and indogoanoramic imagesC{, D)
outdoor and indookaser scanner generated point clo(lElsP) Sketch upand 3D modelling

1.17.1 Importance of Crime SceneReconstruction
The accurate recording of crime scene details is crucial for several repsoviding the
investigators withvisual information that they may not otherwise have known about.

Furthermore, it will support the scemavestigdion and the clear presenting to the court
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(Chisum, 2006) Nowadays, high geometric acctga8D crime scene reconstructions are
frequently used for forensic investigatiofiis is due to the fact that evidence collection with
photogrammetric devices can be more compelling for juries and allows the investigators to
YLUWXDOO\ 3UHY L VAgastosVH POBBULPH VFHQH

One of the most useful ways to find out the real scenario of the crime is to limit the possibilities
that created the crime scene or #éwdenceas found. The integrity of the crime scene is the
main driver for reonstructing the criméLeeet al. 2001) Moreover, the reconstrunt of the

crime scenes one of the majoways to preserve the integrity of a crime scene. It is different
from recreation or criminal profiling. Recreation is by replacing the essential things or
activities at the scene of a crime according to the original scene documentation. Whereas, re
enatment is by reordering the scene of a crime by suspect, withess or another individual
depending on their information about the crime. Criminal profiling depends on psychological
and statistical analysis of the scene in order to identify the attributhe stispectyhich can

be considered as a supportive aspect of the forensic investigatsmite of that, these analyses

are not commonly used in solvilgimes. Reconstructiois established on the capability of
imposing the accurate observasoat the scene, the scientists ability to observe physical

evidenceand using the logicabutes to formulate the theofMliller, 2013).

1.1.83D Reconstruction

In the last years, the generation of 3D models for objects has become a topic of interest for
several researchers. Particular attention has also been paid to the reconstruction of realistic
human models, which could be employed in a wide rangeplications(Pollefeys, 1999)
Compared with a conventional photography, the 3D reconstruction of the crime scene is not
restricted to the iela of acquiringan album of photographs with a 386greeimageof view,

but it is an integrative process composing of a variesgehe elements, which shotke actual

place where the crime occurrfidao et al. 2015)

Crime scene investigation in the three dimensions can be an effectias to a more
comprehensiveinderstanohg of the details of the crim@Ma et al 2010) In addition 3D is a
highly effective tool for communicating complex scenarios to a jury and aiding counsel in
describing and presentinga situation. Repeatedlythis has provedio be an intriguing

communication tool ¥ enhancing the concentration of the jury, clearer descriptions and detalil
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can be retained. In addition, 3D crime scene reconstrusdiobe considered as@steffective

approactthroughtheeliminationof the umecessary site visi{§e and Jasiobedzki, 2005)

A crime scene reconstruction in three dimensions is developed as an extension of current
techniques of crime scene investigation. Developing an ae@2Datnodel of the crime scene

is the first step in a crime scene reconstructadeq crime scene photography is a basic and
importantdriver to create 3D models. In addition, crime scene investigators collect other data
including measurements to help createrurate 3D models. A 3D model is an accurate

mathematical representation of the actual crime s(eamater, 2011)

Obtaining threedimensional reconstructions of scenesbjects from images has beenently
considered as an interesting area of research in relevance to the computer field and other
concerneddomains, whichare interested in the aspect of the 3D ellinh. However, in all

cases, accuracy is thasistha needed to be obtained through exploiting sophisticated devices
with high technology, with drawbacks of affordability and the requiohdigh expertise
specialists(Pollefeyset al. 2000) Nevertheless, obtainingealistic modelsconsidered as a
laborious and costly taskn plus to the ofsite measurements, the manual restructure of the
whole site, the correction, and the utilisation of the additional software lche a time
consuming taskAlthough, a consensus of agreements in regards to the best technique which
can be implanted for the 3D reconstruction. In general, a supportive range of sensors, laser
scanners, presents throughout many applications, the catiobinand the integration of
different recording techniques, in particular when surveying large and complex sites, is the
optimum method to be followed, which can ensure the accuracy, the portability, andthe low

cost, fast acquisition, and flexibiliffRemondino, 201).

Accuracy: Precision and reliability are key factors of metric surveying unless the work is
performed for simple and quicksualisation

Portability : the portable techniques are superiorly appropriate due to accessibility issues

through many sites, pgcularly in the absence of electricity, location constraints, etc.

Low cost with the limited budgets that documentation missions have. The relatively
inexpensive 3D methods such as photogrammetry using a digital camera can obtain high

quality informaton.

Fast acquisition most sites havimited time for documentation.
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Flexibility : Due to the variety and the dimensions of both locations and objects, the used
technique should be adaptable to a variety of scales and it shoalsbable in various
conditions (Renondino, 2011)

1.1.8.1 Methodology of 3D Reconstruction

Reconstruction of thredimensional models needed for various applicationslising various
techniques and technologies, although, it considered as a complex process. The reconstructed
3D modes can be used in virtual environments for visualising applications, classification and

analysis. Some methods of 3D recondiacare presented as following

1.18.1.1Handheld Devices

Several applicable techniques that saposethroughout the crimscene to aid inefining the
location, recordingindrecoveringthe physical evidence. The urge of using the technology to
aid the investigation is raising throughout the years, in parallel with the introduction and the
upgrading of the digital cameras.d ttilisation of the specialised digital cameras, as previously
mentioned, can support the investigation through documenting the crime scene, briefing

purposes, or to create a 3D mofdennell and Shaw, 2005)

The order of photos captured with a digital camera used to create 3D models, and the came
motion is recovered by comparing the key features in the image sequence. Dense stereo
matching is performed between the sequential frames. The input photos are used as a surface
texture to obtain photorealistic 3D models. However, it requires a pralgmoeessing time

and the outputs of a scaled version of the original obfettther device is a seteferenced

sensor, whictconsists of two cameras and a crbag laser light projector. Frame to frame
registration is achieved using a set of fiducgsjected with an additional stationary laser
system. The system requires a long acquisition time as it can capture only sparse 3D data for
each frame and the 3D models do not have a pieaticstic appearanc@dditionally, a real

time 3D modelling appiach that enables the user to rotate an object and observe a continuous
and updatednodel as the object is scannétdconsists of a 60Hz structuréight rangefinder

and a reatime variant olCP (iterative closegboints)for alignment. It is limited téhe outside
looking-in case and does not acquire colour. In addition, the Model Camera, which is a low

cost haneheld scenemodelling device. It consists of a digital video camera with 16 laser
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pointers attached to it. Model Camera acquires 16 depth ssumgidrame and registers the
frames using depth and colour information. The surfaces are approximated with a few
quadratics and this approach only works for smooth continuous sut&ldestilises stereo
cameras to gain 3D data, detect the camera matidmegcord successive frames togethi@e
resulting models are fully calibrated (allow Euclidean measurement) and have -aqahista

appearance. The data acquisition and processing takes n{ipetasd Jasiobedzki, 2006)

1.1.8.1.23D Laser Sanner

The 3D lasr scanner is a technique tligtmajorly oriented for scanning thghysica objects

by projecting the adjustable laser beam directly to a targeted object in a closely spaced grid of
points. Through measuring the timietloe laser light projection, which is the required time for

the laser beam to pass from the scanner to the physical objects and reverse back to the scanner
the establishment of positioning in thréenensional space of each scanned point on the object
required. Consequently, the representation of the obtained data willthe é¢toud form of
collectivepoints, which consists of nearlytl@ousand points threedimensional space thist
accurately correlatito representhe existing object. The conclutlaaformation can be feasibly
converted into a 3D CAD model that can be modified and manipulated with ease exploiting
CAD software, in which the structure and the design of the new equipment can be efficiently
added(Arayici et al. 2004, Gassest al 2001)

Terrestrial laser scannease commonljbeen use in the constructing objects frorhuildings

and natural environments due to the efficiency in acquiring high data rate, high accuracy and
high spatial data density. Considering the variability of parameters from one instrument to the
other, the acqaition rates can vary from 1 to 6 kHz, ranging accuracy varies from 5mm to
25mm (Arayici, 2007) Nevertheless, the problem with a 3D laser scanner is that laser beams
projected from the device may not always reflect back to the sensor properly due to the
difference insurfaces typed-urthermore, additional parameters to be considered in relevance
to the affordability of the devices and the eeBectiveness, the range of existing prices deemed

to be expensive, in addition, specialists to run these devices propergetdedBostanci,

2015)

Theessentiatechnical chareteristics of laser scanner areddin table2. In addition, several
requiredaccessoriegi.e. laptop, tripod, batteries, and marka)e also shown in Figure8
(FernandefSarriaet al 2013)
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Figure8. Laser scanner accessories requifdd.Leica scan station (B) Aiming mark @tripod (C) Scanned
target

Table2. Main characteristics of the Leica Scan Station Laser scéifesrandefarriaet al 2013)

Instrument type Pulsed, duahxis compensatedvery-high-speedlaser scanner, witl
survey gradeccuracy, range, and fietaf-view

User interface Notebook or Talet PC

Camera Integrated highresolution digital camera

Accuracy of single measurement 6 mmPaosition
4 mmDistance

Angle KRUL]JRQWDO YHUWLFDO UDG
Laser spot size From 0 £50 m: 4 mm (FWHHFbased); 6 mm (Gaussidrased)
Modelled surface precision/noise = 2 mm
Target acquisition 2 mm std. deviation
Dual-axis compensator Resolution 1 ", dynamic range-5
Data integrity monitoring Periodic selicheck during operation and stai
Laser scanning system Range 300 m @ 9%; 134 m @18 % albedo

Scan rate Maximum instantaneous: up to 50,000 points/sec
Average: dependent on specific scan density and-ditldew

Scan density <1 mm max, through full range; fully selectable horiz«
and vertical spacingingle point dweltapability

Laser class 3R (IEG608251), visible green

Lighting Fully operational between bright sunlight and complete darkness
Power supply 36 V; AC or DC;hot-swappable

Field of view (horizontal/ vertical) = 360/270

Scanning optics Single mirror, fomanupper window design

Integrated colour digital imaging = Userdefinedpixel resolution; low, medium, high

1.18.1.30ther Methods

A computer softwares available to present the crime scenes in two and-tireensionalln
addition some computgorograms have the ability to draw crime scenes to the required scale

and have been used to impose drawing movement in shooting scenesititsséein the
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reconstruction of the crime scenes. Moreover, some programs are able to describe the scene in
threedimensions similar to videslices, which can provide a simulated, experierice the

viewer to create the crime scene utilising compgtaphics These systems have been used in

the courtroom to project the video image onto a screen and to providelanatm to a jury

in regards to the condition and the sequence of events in the crime scene. The software also can
be used to describe the crime scene in drawn format depending on the victim or the suspect

scenariogFisher and Fisher, 2012)

1.18.1.43D Rewmnstruction Using Fhotogrammetry

Butnariuet al (2013)described the process to formultte proposed methodology for image

based 3D reconstruction of an objé€ig. 9) to cover the following steps:

Acquire a set of imagesThe firstessentiabtep in geometric reconstruction using principles

of photogrammetry is to obtain a set of images of the object that is intendectobstructed.

The way in which photographs are acquired is a very important aspect greatly reflected in the
quality of the final reconstruction. The object is photographed from different angles, spatially
arranged in a circle or arc around the object ath @ohoto must contain about-80% of

previously captured image content.

Generate a point cloud data from the imagesThe images from the data sate used to
identify the points of interest, and to obtain the 3D coordinates of the object. The process is
carried out using a specific framework. Because is a conripigiesive process, using a
standalone software framework require a powerful computing system. For obtaining a better
sits of results, a cloud of web service has been utilised for serving e sco

Generate a 3D mesh modeDn this step, the resulted point will usegenerate a textured 3D

mesh, br these step, the free software Meshhaan be used
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Sample images used Pictures loaded in
for reconstruction web-based aplication

Point cloud data

Figure9. Methodology for virtual reconstruction

Many modelling tots have a very steep learning curve, so the time required to invest in learning
a tool to get even a singkesult is oftn prohibitive. Among all the wekervices packages
actually available, 123D Catch by Autodesk is the software that is allowing olgt&Discene
reconstruction through the manual stitching of matching points on triplets of images and the
resubmission of the scene to the servides used approach underlying 123D Catch technology

is well describedby (Hsuet al 2009)

A technique like 123D Catdls undoubtedly helpful and it provides the scientists with a good
tool for an accurate result. Indeed, there is evidence that 123D Catch technique is capable of
producing the same size of datts, whictare comparabl® laser scanning. This is significant

as these highesolution data sets are generated at lower costs and with reduced data collection
times. In addition it should be recognised thismmagebased methods do require significant
image texture to be effeeB and accurate. However, nearhost of the photogrammetry

services are very fast and easyse(Ericksonet al 2013)

1.18.2 Comparing of Some3D reconstuction Web Service M ethods with Autodesk 123D
Catch

Due to the development of cloud computing in the last yesageral frameworks have

developed reconstructioifhis review showshe mos actual frameworks and compatéeir

features and capabiliti¢¥able 3) (Butnariuet al. 2013)
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1.18.2.1 Autodesk 123D Catch

Autodesk 123D Catch isfeee service offered by Autodesk that uses cloud computing for the
reconstruction of B objects from images, which is managed through software downloaded

from (www.123dapp.com/catdh The management of data made through a standalone

software application installed on the user @handler and Fryer, 2013This application
allows uploading images, downloading the results, rendering the processed 3D point cloud or
mesh, export the result using several 3D formats (DWG, FBX, RZI, OBJ, IPM, LAS). This
service can process automatip to 70 photos in a short tim@utnariu et al 2013)
Furthermore, it is possible to set the origin and the axes of a global reference systexsulfhe

of the reconstruction process is a triangula@dace, whicltan be achieveith three different
resolutions: mobile (fast medium resolution mesh), standard-¢(aggiution texture mesh) and
maximum (very higkdensity mesh). Recently two kinds of &pgtions are available: the web
apgication that allows computing the 3D sceneeditly online, and the appation for the
smartphonesPad or PGvhich enables the creation and theview of the 3D scenéBostanci,
2015)

1.18.2.2ARC3D

ARC3D is a free web service that provides a standalone software application for uploading
photos to the server system. The application delivaligl results when a number of photos
abou 70 are used. After processing the images, the results are received by a notification email
containing links to the files generated. It contains two types of reconstruction data: pixel maps
in aV3D format that can be used ftire manual reconstruction 8D. Mesh from a generated

point cloud using MeshLab software of a 3D textured mesh in OBJ format processed by the
ARC3D server application (but not accurate), and a itesult model for online viewing
(Schoning and Heidemann, 2015, Butnatial 2013)

1.18.2.3Hypr3D

Hypr3D (www.hypr3d.com) is a free web service similar to ARC3D that provides only a web

interface to upload and download the fil&se bestesults are obtained when-80 images
are used. The advantage of this apphoacompared with ARC3D, is the reduced time of

delivering the reconstruction results (about Bours). The web service delivers two types of
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geometry: low resolution meekin a 3D format withJPGtextures and a point cloud PLY
format. Also, a highresolution meshin STL format can be obtained, but without textures
applied(Butnariuet al 2013)

1.18.2.4My 3D Scanner

My 3D Scannerww.my3dscanner.cojis a free web service. Thégrvice can process up to

100 photosbut for a long time up to 25 hours. The advantage of this application is the high
resolution mesh delivered (up to 1000000 triangles). The drawback is the missing of textures
applied to the mesh because it contains a@olpur information. The result delivered by the
application contains an object file for the 3D mesh and a ply for the point@atrhriu et al

2013)

Table3. Comparison between some photogrammetryisesv

My 3D Autodesk
ARCS3 Hypr3D Scanner 123D
Price Free Free Free Free
+
User interface Web-based Web-based Web-based Software
standalone standalone
Processing time 4 15 hours 3 +4 hours 10 £24 hours 1 +2 hours
Cloud processing Yes Yes Yes Yes
MaX|m-um number 70 200 100 70
of images
Point cloud output Yes Yes Yes Yes
3D mesh output Yes Yes Yes Yes
Texture output Yes Yes Yes Yes
Apply automatic Yes Yes Yes Yes
Maximum number -, 200000 1900000 150000
of mesh triangles
Native 3D files OBJ, jpg or Sy, S7L s Ply, OBJ 3dp

format v3d, jpg

In addition some open source reconstruction software has a standalone applastion

following:

1.18.2.5Photosynth

Microsoft Live Labs developed Photosynth successfiully a web application; it is web

service thatis accessible through a Windows Live account on the Photosynth website.
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Photosynth is a photo visualisation tool that uses the same underlying data (camera positions
and pointsYSnavelyet al. 2008) Userscan uplob G WKHLU LPDJHV WR OLFURVR
server will return point clouds. Photosynth enables to create two kinds of 3D products: creating
panorama views and synths. The former stitch a set of images together taken from the same
point to create a par@mic picture; it creates a view that allows browsing from photo to another
photo by using a set of overlapping images. However, it is also able to create a point cloud of
the object. By using some toolkits and the results can be exported in differentsféRi¥,

OBJ, VRML, and X3D) fttp://synthexport.codeplex.cqr(Brutto and Meli, 2012)

1.18.2.6 Agisoft PhotoScan

Agisoft PhotoScan isa low-cost software fromAgisoft LLC (www.agisoft.r) to obtain

automatically higkhquality textured 3D models, using digital photosoénegAgisoft, 2012)

The software s based orMulti-view 3D Reconstruction technology and can operate with
calibrated and uncalibrated images in both controlled and uncontrolled conditions. PhotoScan
has two versios for sale: $179 for a standard version (ongt) or $3499 for a professional
version. This program is executable under Windows operating syd{enssen and Lindstaedt,

2012) In addition all data will renain with the users on their personal computers, this software
could be operated for the large projects that regednd100 images or more, and the model

can be exported for editing in external software. All the processes can be perdibdiffedent

leves of accuracy and many parameters can be set to improve the fina(Bestiti and Meli,

2012)

1.18.9.3Previous studies of 3D reconstruction

The 3D modelling or 3D reconstruction hadtraced the interests and the intention of the
relevantresearches in the forensic domain during the last few years. A demonstragiiew
of some previous related studies on the 3D modelling and the 3D reconstsetioon have

beenelucidatng in table4.
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Table4. Several studies of 3D reconstruction using different methods

Title Software or system Reference
The reliability and validity of measurements of human dental cas (Rajshekaet al. 2017)
made by arntra-oral 3D scanner, with conventional hameld Use of intraoral 3D scanners in forensic investigatio

digital callipers as the comparison measure

Virtual animation of victimspecific 3D models obtained from CT = Specialized 3D modelling and animation techniques (Villa et al. 2017)
scans for forensic reconstructions: Living and dead subjects

The hiatus in crime scene documentation: Visualisation of the Total Station (TS), Geographic Information System (de Leeuwe, 2017)

location of evidence (GIS) (ArcGIS 10.3 application)
3D modédling of building indoor spaces and closed doors from Laser Scanner (TLSinodel Riegl LMS Z390i (Diaz-Vilarino et al
imagery and point clouds (RIEGL Laser Measurement Systems GmbH, Horn, 2017)

Austria), Sketchup and Nikon D200 camera.
How Technology is Revoluthising Crime Scene Capture and (Sheppareet al 2016)
Presentation Visualising a Crime Scene using Novel Crime Scen Digital Imaging Technology; Panoramic Imaging;
Documentation Technology Spherical Photography, Laser Scanning.
Application of multiresolution 3D techniques in crime scene + R 4R &tMIR016)
documentation with bloodstain pattern analysis 3D scanningLaser scanning
Multi-camera system for 3D forensic docunagiain Botscanmulti-camera system and PhotoScan softwe (Leipneret al 2016)
Low-cost crime scene mapping: reviewing emerging freeware, lo (Colwill, 2016)

cost methods of 3D mapping and applying them to crime scene = Kinect sensors
investigation and forensic evidence
3D Modeling of Building Indoor Spaces and Closed Doors from = A pipeline of techniques used for treconstruction (Diaz-Vilarino et al

Imagery and Point Clouds and interpretation of building interiors based on poir 2015)
clouds and imagegqImagery and Point Clouds)
3D Reconstruction of Crime Scenes and Design Considerations © Sophisticated computer vision techniques (Bostanci, 2015)

Interactive Investigation Tool
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Building 3D event logs for video investigation using a seminteractive method that builds the mode (Danget al 2015)
from panoramas (video frames to a 3D model of the

scene)
Progressive 3D Model Acquisition with a Commodity Hdredd Realtime scanning (Kang and Medioni,
Camera 2015)
Accident or homicidetVirtual crime scene reconstruction using 3[ The noncontact optical 3D digitising system (Bucket al. 2013)
methods GOMATOS
Towards a thredimensional coseffective registration of the PhotoScan software package (De Reuet al. 2013)

archaeological heritage
Worth a thousand wordsPhotogrammetry for archaeological 3D  The photogrammetrgnd3D mapping applications (Remondino, 2013)

surveying

An Introduction to Building 3D Crime Scene Models Using Sketcl Sketch Up (Clairet al. 2012)
Up

3D bloodstain pattern analysis: Ballistic reconstruction of the Digital closerange photogrammetry system anthser (Bucket al. 2011)

trajectories of blood drops and determination of the centres of ori scanner
of the bloodstains

A semiinteractive panorama based 3D reconstruction framework Panoramas (Danget al. 2011)
indoor scenes

Kinect Fusion: Realime 3D Reconstruatin and Interaction Using a Kinect Fusion (Izadiet al. 2011)
Moving Depth Camera

Building Rome on a Cloudless Day (ECCV 2010) 3D reconstruction from unregistered Interseale (Raguranet al. 2010)

photo collection®f images within the span of a day ¢

D VLQJOH 3& 3FORXGOHVV’
Web-Based Presentation of Semantically Tagged 3D Content for Combination of graphical APIs and semantic (RodriguezEchavarriaet
Public Sculptures and Monuments in the UK technologies in order to integrate 3D content with  al. 2009)

semantic tags ia web browser
A StereeBased System with Inertial Navigation for Outdoor 3D = A 3D scanning system consisting of a stereo camer (Byczkowski and Lang,

Scanning combined with an inertial navigation system 2009)

ThreeDimensional Assessment of Skin Wounds Using a Standar Approach tabuilding 3D models of skin wounds frorr (Treuillet et al 2009)

Digital Camera colour images

Crime Scene Reconstruction Using a Fully Geomatic Approach @ Total statiorsurveying, photogrammetry anasker (Agostoet al 2008)
scanning
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SteresVision Based 3D Modeling and Localization for Unmannec
Vehicles

Reverse Engineering from 3D optical acquisition: application to
Crime Scene Investigation

Animating and Interacting with Graphical Evidence: Bringing
Courtrooms to Life with Virtual Reconstructions

Photerealistic 3D Model Reconstruction

VIRTOPSY?2 Scientific Documentation, Reconstruction and
Animation in Forensic: Individual and Real 3D Data Based-Geo
Metric Approach Including Optical Body/Object Surface and
RadiologicalCT/MRI Scanning

Instant Scene Modeller for Crime Scene Reconstruction

Analysis of patterned injuries and injucausing instruments with
forensic 3D/CAD supported photogrammetry (FPH®@)irestruction
manual for the documentation process

Improved vision irforensicdocumentation: forensic 3D/CAD
supported photogrammetry of bodily injury external surfaces
combined withvolumetricradiologic scanning of bodilyjury
internal structures provides more investigative leads and stronge
forensic evidence

Modelling and Rendering for Scene of Crime Reconstruction

Creating photeaealistic 3D models using onboard (Se anl Jasiobedzki,

sensors on unmanned vehicles 2008)

3D optical instrumentation for the contactless (Cavagniniet al. 2007)
acquisition of crime scenes.

Digital and mobile technologies (Schofield, 2007)

Instant Scene Modeller (iISM), a 3D imaging systen (Se and Jasiobedzki,
creates 3D models using a hamld stereo camera 2006)

(Thali et al 2005)
Photogrammetry, optical surface and radiological

Instant Scene Modeller (iISM). A 3D imagisgstem | (Se and Jasiobedzki,
creates 3D models using a hamald stereo camera.  2005)

(Brtischweileret al
3D / CAD program 2003)

Photogrammetric technique, RolleiMetric mditiage = (Thali et al. 2000)
evaluation system And 3D/CABupported Photometr,

Computer graphics modelling and rendering technic (Murtaet al 1998)
for the construction of a virtual environment
correspnding to a real crime scene
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Crime £ene often deals with cadavetsj$, he reconstruction of the criminal events is always

depending on the analysis of the scene as well as the body.

Considerably, there are various elements associated with the concept of the crime scene
platform, significantly, the presence of cadavers and the associated remnants. Therefore, the
reconstruction of the crime scene is not restricted to the documerdgatiom events cascades

and the physical evidencthe comprehensivgerception in regards to the carcass must be
conducted through implementing the proper analytical procedures and concerning selective

elements to be examined and tested thoroughly.

1.2Body Transformations

The deathactually aprocess and not an event, it starts at the point where the heart stops, and
the oxygen does not reach the cells. After several minutes of death, the decomposition process
begins within arautolysis process his beayins usually in the liver, where the richness of the
enzymes, and in the brain, which has high water cantemthermore, the internal organs are
usually free of microbes. Without the functioning of the immune system, wtopisworking

soon after deattihe microbes will spread freely through the body organs. In addition, insects
will be attracted to the decomposing tisslieusly,acomprehension of the decomposition and

the role of insects and microbial communities during the decomposition procexessary

and important for accurate estimatingpofstmorteminterval PML Because they all have an

essential effect on the rate of decomposifi@astandi, 2015)

1.2.1Decompositionand other Body Postmortem Transformations

Decomposition begins approximately 4nontes after death has occuri@thss, 2001)Also, it
is a natural process occurs for every orgartfsam has dieqHauet al 2014) In fact, the body
undergoes major chemical and physicarues. Forensic pathologists can use these changes

in order to estimate the minimum Post Mortem Intera@ 1) (Gunn, 2011)

Decomposition is a fundamental process and important to rnutgeling and energy flow in
most ecosystem@-inley et al. 2015) Thus understanding this process has broad application
to ecological and environmental science and also in entomology when arthropods are collected

and inerpreted as eviden¢Benbowet al 2013)

33



The decomposition characteristics such as the variability, the dynamie,neirecological

aspect, and the biochemical processing are all depending on the biotic factors, including the
VFDYHQJLQJ LQVHFWVY DFWLYLW\ DQG PLFURELDO FRP
temperature, moisture that is variable in accordantdetive seasons, the geographic sites, and

the preventative barrie(€arteret al 2015) Furthermore, in order to provide a comprehensive
understanding of the decomposition changes, it is necdssageply understand the sequence

of the decomposition process, stages, and factors affecting the decomposition process. The
temperature and the humidity degrees are the two main environmental factors which can affect
significantly the degradation of the dypocomponents and the microbial activiyarteret al

2015) Decomposition changes are dependent upon temopeydumidity, insect activitand
condition of the body at deatflGunn, 2011)There are a series of early changes in the body
that result in a specific change in the physical nature or appearance of the bodyabéfore
duringthe decomposition process. These changes havidanadly been used in estimations

of the PMI, they are as follow§Gardner and Bevel, 2009, Gunn, 2Q11)

x Greenish discolaration. The first change is discol@tion to the green of the abdomen,
and then the discalmation spreads throughout the body.

x The body begins to swell due to the gashe bacterial formation thas promoted in
warm weather and retarded in cold weatffissues swell and the eyes.

x Skin slippage. As the body becomes bloated, the skin begins sliding and form blisters,
and the blood starts to degrade.

x Decomposed blood and body fluids, appearing dark brown and stinking smell, come out
of the body orificesdue to gas push the ftuin the least resistance path.

x Lastly,skeletoniationmay take weeks or months depending on the environment. Many
bodies araliscovered in partiakeletoniation

x Exposed parts of the body decompose faster. The internal pattie dody (i.e.,
abdomen, chest, and head) also decompose fast. In addition, when a body part is exposed

to injury, that part tends to decompose faster.

Mummification is a natural process or artificial conservation, which consists of the dehydration
and &siccation (the process of drying up) of tissues. It may be partial and coexist with other
forms of conservation and/or putrefaction. It extends more easily to the whole body than other
processes, such as saponificat{@off, 2009) It is characterised by dryness and brittle, torn
skin on the prommences (cheeks, forehead, sides of the back, and hips), generally brown in

colour, though coexisting with white, green, or black zones because of colonisation by fungus.

34



As for the internal organs, the process varies in relation to the time of deathegmday be

partially mummified, putrefied, with adiopocere, or even ab@@inheiro, 2006)

The whole bodyor parts of the bodin a dry weather, have a large surface area to mass ratio
will desiccate. The low level of humidity will serve to stop bacterial action and usually
exclusion of insects and other scavesg&om the lbdy.in this type of situationThe
temperatures will bgery high or very low. The dried tissues and skin will survive for a long
time with a little change, also will take a leathery appearaviaeamification can occur within

a period of sevetaveeks in hot, dry conditions or in areas that have very low humidity, such
as in arctic regions or deseft&ss, 2001, Goff, @9).

Saponification (formation of soap from fat under high pH levels) or it is the process of
hydrolysis of fatty tissues in wet, anaerobic situations, such as submersion or in flooded burials.
The tissues take a yellow, greasy, waxy appearance andtenesi. This process requires a
period of several months to complé€¥ass, 2001, Goff, 2009)

1.2.2Decomposition stages

There are several stages of cadaver decomposition are raingingwo to eight stages, the
basis of the remains physical appearance and the arthropod deposition pattesigerably,
the six stages, namely fresh, bloatedivacdecay, advanced decalyy and remains(Payne,
1965, Carteret al 2007) Whereas Campobasset al (2001) divided the stages of
decomposition into four stages, although thare more substages involved, based dhe
physical appearance of the remains and associated arthropod arrival f&@enpsbasset
al. 2001, Reed Jr, 1958)

On the other handjecomposition stages have been divided into five main stages: fresh, bloat,
active decay, adveed decay and putrid dry stafféig. 10), depending on the arrival and
departure of the insects follow these stages as the breakdown of the cadaver proceeds. Each
stage is attractive to different species and each stage of decay provides haldatpecies

to lay eggs and feed. Thukis leads to series df Q V BpedegFarteret al. 2007, Gill, 2005,

Goff, 1993, Hewadikaram and Goff, 1991, Matuszeweskil 2010) Also, (Matuszewsket al
2008)demonstrated that five stages of decomposition were observed: fresh stage, bloated stage,
active decay stage, advanced decay stage, and remainsT$tisge.couldbe a generalised

pattern that can be easily applied to most existing studies.
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Figure10. The five basic stages of the decomposition pro¢@gs-resh (B) Bloat, (C) Active decay, (D)
Advanced dcay and (E) By stage(Parkinson, 2009)

Fresh stage

The fresh stage is the first stage of decomposition dtleetoability of the hearto beat the
blood The blood is not circulated around the body. Thusbtood settles at the bottom of the
body due tahe effect ofgravity and results inhe appearance afdark redskin colour, this
phenomenoiis also known as livor mortidext, oxygen molecules depletidaads to cellular
autolysis as a consequence bé taerobic metabolism antagonism along with the cellular
enzymatic destruction. The fresh stage begintbeatmoment ofleath and continues until the

carcasdegins to bloafFinleyet al 2015)

During the procreation tervals, certain species of flies suchthe blowflies and flesh flies
with the nomenclatures of Calliphoridae and Sarcophagidspectively aradepositandthen
proliferate and colonise on the cadaver tissuesder toselect a suitablecationfor offspring
incubation.In the case of the absence of the scavengers, the dioritey which governs the
removal of the soft tissueis the establishment of the maggot activity upon the ovipositional
of the flies. Furthermore, carbon dioxide £20 evoldion, which is a descriptor index for the
microbial introducing activity to the cadaver tissues within 24 hours, positively infisémne
VRLO PLFUR E H \fartewaRyhelgidde MiusRr@tegist bacterigdoneycutt, 2012)
Moreover, the exhaustion of the internal oxygen concentration can provide proactively a
suitable ambient environment for the anaerobic species of microbes, such as Gostrdi
Bacteroides, whicls introduced originally from the gastrointestinal tract and the respiratory

airways, to propagate and spread to the internal orJdmescellular anaerobiosis reactions
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include the alteration of the primary building blocks ofbcdrydrates, lipids and proteins, by

the microorganisms as anaerobic converting mechanisms, into organic acids (such as propionic
and lactic acid), as well as into gasses (such as methane, hydrogen sulphide and ammonia).
(Gennard, 2012)

Bloat stage

The bloat stage is the second stagehefdecomposition that occurs due to the microbial
metabolic activity of bacteria in the gut and other areas of the body that produceTgases.
produce gases as a side product of the anaerobiosis are responsible for the colour changes, the
liberation ofodour, and the bloating of the cadavEmis causes the abdomen of the carrion to
beinflated and manifest the body with the ballesimape(Gunn, 2011)which canattractor

repelcertain hsect taxa to thearcasgFinleyet al 2015)

As an accompanied consequence of the resultant reaction products and the cadaver putrefaction
during the first stage, theextt VW DJH p% ORDWHGY LV VthéhtéMaHo@rgink UL Q J
fluids have been forced to diffuse into the surrounding soil through the cadaveric orifices
cavities, mouth, nose, and anus commonly, the fluids esakgplace due to the accumulation

of the resultant anaerobic gasses, compellirgspontaneous occurrence of this procEssre

is a limited knowledge regarding the ecological effect of the purging fluids on the natural
chemistry of théelowground However, an earlier established perception is that the escaping
fluids can aid in lte microbial biomass flush, shifting the nature of the faunal communities
present in the soil, carbon atom mineralisation based on the3®olution, and the elevation

of the soil nutrients richneggloneycutt, 2012)Thus, the mentioned cascaolieputrefactive

bloating and maggot feeding processes aid in the laceration of the cover skin, which can permit
the reoxygenation of the internal tissues intdaeger surface area, which in hand provide a
suitable incubtion area for the fly larvae and aerobic microbial to estalbhsir proliferative
activities(Tsokos, 2005)

Active decay stage

ActvedHFD\Y VWDJH LV WKH WKLUG SURFHVV RI WKH GHFRP
result of insects activitgFinley et al. 2015) In additon LW LV WKH VWDJgdsBEKHUH
no longer kept under the skin. Therefdies body collapses in on itself, and the most of the

skin is lost at this stage of the decompositig@unn, 2011) Moreover the reoxygenation
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GHVLIQDWHY WKH LQLWLDWLRQ RI WKH p$FWLYH '"HFD\Y V
loss as a result of the establishment of the maximum maggot activity and the peakiilmdrati

WKH IOXLGYV GXULQJ WKH DFWLYH GHFD\ WKH QXWULHQ)
account. Nevertheless, the Bornemissza (1957) has observed the quantitative elevation of some
soil faunal communitiesuch asCalliphoridae, Histeridae, Ptitlae, Staphylinidae) and

redudion in the numbers of Collembola and Acari beneath a guineaGagid porcellus L)

cadaver J WKURXJKRXW W¥Bbrnethisyyrd, Y357THi§ @ecomposition
SKDVH LV QDPHG DV *%ODFN 3XWHKHIPFMWALRYH 'WHKDH IS HY W
until the maggotsarecompletely migrated from the cadaver to pug&ennard, 2012, Gunn,

2011)

Advanced decay stage

Advanced Decay stage is characterised by a decrease in entomological activity as the resource
is consumedFinley et al. 2015) and it is providing an illustration of this phenomenon. The
cadaver size, the extent of the maggot mass, and the soil texirel the lateral range of the
cadaver decomposition. Particularly, the soil texture along witkkdaver sizéenfluencethe

vertical range of the cadaver decompositithris important to note thatlentification of the

sequenced transition from the advanceday todry to remainss complicatedPayne, 1965)

Dry remains stage

Dry remains stage is the final step of the decompositiocesswhen bones, dry skin, and hair

only remain from thedecomposed carcad$inley et al 2015) At this point in the
decomposition, most of the soft tissusreremoved, by natural causes, and the hard structures

of the body, such as fingernails and skelamain(Gunn, 2011)In addition, the elevation of

the plant growth around the borders of the cadaver decomposition act as an indicator for the
initiation of the Dry stageThe rise in tle plant growth within the cadaver decomposition can

act as an indicator fateterminng the remainsstage. The depletion of the available nutrients
and moisture during the final deoposition stagefacilitate the establishment of the second

phase which icludes the slow process of the cadaver masgQasteret al 2007)
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1.2.3Factors Affecting the Rates ofDecompositionProcess

A multitude of factors can affect each stage of the decomposition process, either accelerating
the process or slowing it down, depending on the specific agentriat(idautartas, 2009)

The natural preservation of a cadaver is highly dependent on the surrounding environment, and
a numberof factorsthat play important roés in this phenomenon including temperature,
humidity, insects, and thativities of micr@rganismsuch adacteriaqJordan and Tomberlin,

2017) It is well known that various stages @écompositiorcanattract different species of
insectsthat alsodepend on other factors such as temperature, weather and season. When the
body is fresh, blowflyand flesh fly and their first instar larvagll most likely be found on the

body as well as adult burying beetles. Several factors can affect the rate of a body decomposition
and at which insects can colonis€dampobasset al 2001) Thus, the environment is a major
determinant of the process of decompositibix and Graham, 1999}t is reported thathte
presence of insecticides on, in or near the body may also serve to delay the onset of insect
activity for a period of timéGoff, 2009) In addition, if the carcass has any open woutiasy

can alsa@ffectthe rate of the decomposition according to the Anthropological Research Facility
(ARF) at the University of Tennessé@itheyhavesuggested that penetrating injury impacts on

the decomposition because an open wound can provide easy access for imsbeisteara

(Cross and Simmons, 2010, Mann et al., 1990)

Further, he age of the persantheir physical build, and their previous activit@$ect the
decomposition rate. For exampleetfatty bodies decompose fast because bacteria have access
to tissue with a good supply of water. People who have a low level of muscle tissue or who are
very weakshowa faser rate of the active decay and a faster rate of decomposition. Active
decay ismuch slower in elderly people and in babies; so overall decomposition will be
correspondingly slowGennard, 2012)Thus, the complexity of decomposition demonstrates
the impact multiple variables have on each other. Given the interrelation among all of those
factors, one must be carefir,collecting data on all relevant variables, especially temperature,
or else risk inaccuracies in estimating P(@uerra, 2014)The most important factors can be

sumnarised as follows:
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1.2.3.1Temperature

Temperature is influenced by seasons, altitude, latitude, burial depth, the presence of water, air
movement, vegetation, wrappings or clothing, etc. Temperataréhe rate of decomposition

linked by 9 D QHp¥s Law that also called the law of 10 or Q10. It states that the speed of
chemical reactions (enzymatic or catalytic decomposition, etc.) increases two or more times
with each 10 °C rise in temperatykass, 2011)Johnson and colleagu€2013) state that the
temperature can accelerate the rate of the decomposition; irastohbww temperatures can
reduce the rate of the decomposit{dohnsoret al. 2013) Temperature determines the speed

of many of the processes on which minimum puostteminterval estimations arkasedon
bothPathologies and in Entomolog€ampobasset al. 2001) Temperature has a direct impact

on the deomposition processes; very low or very high temperatures slow down organic matter
decay, inhibit bacterial increase and preserving cadaver tissues longer. Temperature also
impacts directlyon the insect activity and in the rate of insect developni&uiff, 1993)
Decomposition that occsiin an environment with tempétaes betweerl5-35 °C is fast
because the bacterial growth and cell division occur best under these conditions. However, once
temperatures begin dropping under the optimal range for bacteria growth, reproduction of
bacteria becomes greatly retarded arhtstopping completely. As temperatures continue to

fall, the degree of desiccation required for preservation becomes rgtlicedzi, 1996, Sorg

and Haglund, 1996)n fact, in temperatures betwe@ °C, bacterial multiplication stop and

insect activity become grewgtletarded. In temperatures below freezing, insect activity stops
altogether. Flies are noted to &ficiently at a maximum and minimum temperature range,
visiting a carcass and laying eggs in conditions as cold as thé0sf& (Mannet al 1990)
Temperatures dropping below this, especially past the freezing point, can kill both fly eggs as
well as maggot larvae if left exposed to the environment. In fact, a study evaluating the most
effective PMI estimation techniques noted that the freezing point is the lowest developmental
threshold for insects, with PMI estimates decreasing in precision when the developmental
threshold was raisgVanlaerhoven, 2008)

Warm temperature aids in accelerating the decomposition process of the corpse because it can
provide the suitable conditiomghich can help the elevation of insect activity and increase in
insects numberand the micromanisms and their relatemergyproducing chemical reactions
produce faster degradatig@ampobasset al 2001, Carteet al 2015) Although chims have

been made that insect activity is the most important variable in regards to the rate of
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decomposition. However, without the best conditions guided by temperature, insect activity can

be greatly retarded or stop altoget(@arteret al. 2015)

In addition the hot and dry climates can prevent bacterial growth, limiting the bacterial decay
and further preserving the body. Under such conditions, moisture can evaporate from the skin
and mummificéion can occur faster. The internal organs may be preserved, though they will
typically undergo a small level of decompositiQltordan and Tomberlin, 2017)herefore,

without knowledge of the temperatures and environmental factors to which a corpse has been
exposed, not much can be said regarding time since death. Importantly, the temperature has
been demonstrated to be related to a number of factors known to change decomposition, in the
end, to guide the speed at which the decay process progi®ssemnset al. 2010)

In summary, recognising how temperature affects decomposition on its own, but by
standardisingime and temperature and making accumulategreedaysthe variable to be
predicted, insect actity is left as the primary factor in decomposition, whose effects are
reflected in the total body score. This new approach removes temperature as a variable used to
explain the decomposition changes observed in relation to time and instead combines it with
time to become the unit to be predicted, i.e. ADD. Thus, overall temperature is still the guiding
force in decomposition, but when standardised to become the dependent variable, insect activity

is shown to play the central role in the rate of ddGyerra, 2014)

1.2.3.2Humidity

Humidity is an important environmental factor that can medihaésbiological activities
(Metcalf et al 2016) Bacterial growth occurs more rapidly, with the outcome depending on the
relative humidity. Microbial and biochemical acties results in a series of decomposition
stages that are associated with a reproducible microbial successiss @auimals, and human
corpseqGuerra, 2014, Micozzi, 1996Jhe nost of the microorganisms require at least 60%
relative humidity (RH), though some microorganisms can survive and multiply in >20% RH.
Thus, reducing the relative humidity creates a less appropriate memend for
PLFURRUJD Q L OReingicatorimistebial response is their taxonomic classification.
For example, Gramegative bacteria are generally more sensitive to low water activities than
Grampositive bacteriéJordan and Tomberlin, 201Thsect activitys greatly retardeflecause

it requires moisture in order to oviposit eg@daskellet al 1997) Bacterial growth occurs more

rapidly depending on the relative humid{tyicozzi, 1996) Also, changes in the microbial
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communities structure under altered humidity conditions suggest differential sensitivity to
humidity (Jordan and Tomberlin, 2017)

Moreover, the surrounding humidity plays a vital role in the deposition of the eggs from the
IHPDOHVY IOLHVY RQ WKH FDGDYHU WLVVXHVY DQG WKHUH
degee and the egg deposition ability through the cadaver tissues. The eggs are usually present
near to the holes and wounds of the cadaver. In addition, the deposition variabilities are strongly
related to the seasonal surrounding aspects as reporteccenanedated study by Carteral,

(2015). Clear variation based on the seasonal aspect has been noticed throughout the carcases

decomposition proceg€arteret al. 2015)

1.2.3.3Rainfall

The presence of water that is supplied from rainfall, humidity, or the body itself also exert
profound effects on the rate of decomposition. The important attributes that are associated with
water include: (a) a high specific heat that stabilizes temperatujds;ffbring capacity that
moderates the effects of local pH changes; (c) sources of H+ required for numerous biochemical
reactions; (d) its effect as a diluent; and (e) its ability to act as a solvent for polar molecules. PH
(acidity/alkalinity) is yet anther parameter that affects intracellular chemical reactions and the
catalytic ability of enzymes. Proteolysis (aerobic surface decomposition) typically forms
alkaline environments (well over pH 9.0 on the surface) whereas anaerobic burials tend to be
acidc due to bacterial fermentation and the liberation of organic acids. These large changes in
pH affect not only the microbial flora but also the growth of vegetation as well as the chemical
reactiongVass, 2011)

Microorganisms, like all living organisms, require available water to grow and to function.
Different types ofungi and bacteria need varying amounts of water to reproduce and to grow,
and the production of enzymes and other metabolites may be sensitive to alt¢datidas

and Tomberlin, 2017)However, rainfall does not produce a considerably large effect on the
rate of decay. Since the large role of the humidity in the deterioration process, iecseexp

that rainfall can accelerata disturb thedecomposition process. According to Maginal,

(1990), rainfall does not even retard the activity of maggot. Most of the larvae can use the
cavities of the body as shelter from the rain and continuerfgexti the corpse. However, they

do point out that during moderate to heavy rainfall, fly activity and thus egg laying can be

reduced or stopped altogether. This can push time since death estimates back, allowing only
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minimum PMI determinations to be made as to accommodate the effects of unknown

confounding variable@Mannet al. 1990)

Since rainfall is not identified as a critical factor as with the most variables involved in the
decompaition process, it has the potential to affect the roles that are played by other important
factors including aridity, humidity, insect activity, adiopocere (grave wax) formation,
disarticulation, bone mineralization, and so forth. Because of its tigittoreship with aridity

and relative humidity, precipitation, in the form of rainfall is an important variable to capture,
especially if reliable sources regarding daily humidity rates are not available for the particular
area under studiGuerra, 2014)

1.2.3.4Clothing and Body Wrapping

Clothing and body wrappings are particularly interesting variables that can complicate scenes
and estimations of time since deathv€ang (Clothing) can have an effect on the rate of the
body decomposition as shown the investigationperformedby (Centenoet al 2002,
VanLaerhoven, 2008, Stuart and Ueland, 201iA) addition, Capobianco (2@) also
demonstrated that theothing generally slowed the rate of decompositohuman cadavers

placedon the samesite. (Capobianco and Christens&®17)

A studywasdoneby Sharanowsket al, (2008)demonstratethat the clothes protect the insects

from predators and also prevent the carcases from drying out as quickly as they otherwise would
(Sharanowskiet al 2008) Other study conducted using clothed, wrapped, unclothed, and
unwrapped bodies, demonstrated that the clothed and wrapped bodies had largesmasggot

and all of the wrappedaccases haveakenlonger to dry ou{Kelly et al 2009) Furthermore,
research regarding the relationship between insect activity and the presence of clothing
appeared to suggest that clothing affects the rate of decay by providing insects with suitable
environments within which to consume tissues. After laying eggs at thealnatles of the

body, once large numbers of flies colonised remains and thus crowded areas, they would begin
using folds in the clothing to lay their eggs. Then, the maggots could process the tissues and
thus speed up the rate of de¢annet al. 1990)

The clothing helps in increasing the number of insects feeding on the body, thus increasing the
rate of decomposition. Howevéhneclothing can slow the rate of decomposition in the cede

areagLoweet al 2013) Therefoe, the effects of types obverageas natural fibres, especially
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wool carpet and cotton clothing, followed by wool clothing and materials produced by synthetic
fibres. The main points from this study were the importance of the absorbing ability of natural
fibres compared to synthetic materials, removing decomposition products, retaining moisture,
and disrupt the decomposition process. However, the results also demonstrate that regardless
of material type, clothing, wrappings, and coverings function tepregemains more so than
unclothed bodie@Notter and Stuart, 2012)

On the other handhére is a statistically significant difference between the decotiposites

of clothed and unclothechdavers, whicis relatively faster. In general, the overall rate of the
decomposition is similar, and there is no need for different formulae to determine PMI.
Moreover, it has been suggested that clothing can praddgional colonisation locatiorier

the How flies (Cardet al. 2015)

1.2.3.550il Type

It is well known that the soil environment is an important factor that afteetomposition rates

in theundergroundTumeret al 2013) The soil is noted to exert an efficient barrier to solar
radiation and thus declined of temperatures with soil depth. There are amailespects of

soil environment that are known to affect the rates of decomposition; humidity content and the
presence of the organismstire soil both plant and animg@inley et al 2015) The presence

of groundwater oclay type soils that retain humidity produces an environment conducive to
adiopocere formation. It is important to know that the soil may be the main source of the
microbial decomposer community, although soil type is not impo(Matcalf et al 2016)
However, the change of the physical and chemical properties of soil leads to the change in the
structure of the microbial community is that the bacterial community facilitates the proliferation
of certain eukgyotes. A high level of moisture, alkalinity 8 pH), and an abundance of
anaerobic and facultative aerobic bacteria are characteristic of sadgs of carcass
decompositior{Carteret al. 2015)

In addition, the type and particle size of the ao#also the most important factors that affect
the decomposition rate of cadavers in géihley et al. 2015)
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1.2.3.6CarcassBody Size

The size of carcass doest ptay an important r@l in the rate of decompositionhere are no
sizerelated variations were observed between carcases with respect to the composition of the
arthropodfauna or patterns of successi@utherlandet al 2013) It is noted that a greater
number of arthropods are attracted to the large carcases, and the rate of decongpositien

rapid than the small size carcafidewadikaram and Goff, 19915 owever, Komar and Beattie
(1998) noted that the smaller carcases were decayed significantly faster than the medium and
large carcaseand reaching dry skeletal remains in as little as 13 d&ysnar and Beattie,

1998)

1237, QVHFWVY DFWLYLW\

1.2.3.7.1The Role of Arthropods in the Breakdown of Corpses

The effect of carrion insectatherthan that of large vertebratbgyhlights tke significant and
influential role of large numbers of small animals in the functioning of ecosygtanton,

2015) It is indicated that the access of insects to the decomposed body is the second most
important variable that affextthe decomposition rate after temperature which Semu
decaying matter (saprophago@&ampobasset al. 2001) The death of advanced decay body

can be easily dated seasonally using entomological data. A variable number of arthropods that
belong b various taxa can be colonising the cadaver, which provides altogether helpful tools
for forensic investigation. However, not all insects actually feed on decomposing tissues (the
so-called necrophagous species). Only a few species of insects can giegtittipate inthe
breakdown ofa cadaver and then accelerate the rate of decay. It is reported that Diptera and

Coleoptera are important two orders of insects of forensic in{&astpobasset al 2001)

Other insect orders such as Lepidoptera, Hymenoptera (e.g. ants), aingdewtrorders such
as Arachnida and Nematoda, can be simply cadaver hosts or more frequently predators of
necroagous species, whose number and distribution on body remains they somehow control.
All species associated with the body remains should be collected, identified and preserved
according to their time of arriv@Campobasset al 2001) The arrion decomposition is noted
for reintroduces important and essential nutrients such as nitrogen, potassium, calcium and

magnesium into an ecosystéRarmenter and MacMahon, 2009)
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A study performed by Vasconcelesal (2013)investigatedhe different kinds of insects and

their development on the body at different stages of decomposition, using a decomposing pig.
This study suggested that least 10 species completing their larval cycle on carrion in
rainforest fragments in Brazi/asconcelogt al 2013)

In addtion, a study by Pechat al, (2014) indicated that there were differences found between

the carcases allowed insect access decomposition compared to carcases with delayed insect
access. Forinstance,2010, the cadeers with insectaccess were close to the dry stage with
Calliphoridae larval presence on two cadavers (B and E), whereas the cadaver (F) demonstrated
a larval spread since the end of the fifth day.(Eig. Meantime, carcases with insect exclusion

(A, C, and D) were in the bloat stage of decomposition on the fifth dayXEjgin 2010, the
GHFRPSRVLWLRQ WR GU\ VWDJH IRU FDGDYHUV ZLWK LQV
and the seventh day of the decomposition. Whereas, the cadavers rbadtigdstage within

ILYH GD\V LQ wuLDOV ,Q JHQHUDO IRU ERWK DQ(
access approached the dry stage on the ninth day of decomposition, which matched with the
fourth day of posexclusion insect activity. Thisinding suggests that once insects were
allowed to colonise the carrion it had an accelerated decomposition pr{geetslet al

2014)

Figure11. Images of carcases on the fifth day of decomposition. Insect exclusion cages were removed from the
carcases on thiday. (a) Carcasses with insect access (B, E, and F) were at active or advanced decay while (b)
insect exclusion carcasgs, C, and D) were still at the bloat sta@@echalket al 2014)
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Further, Simmonet al (2010) noted the role of insect activitythre decomposition process.

The cadavers with no insect exposure were decomposed much slower than other cadavers that
were exposed to insect activity, coupled with the faster rate of decay seen in continuously
exposed remains versus those buried after exposure. They conclude frasgnce of insect

is the primary agent that affect the rate of decompodgiSanmonset al. 2010)

1.2.3.7.2ZThe Use ofForensicEntomology in Forensicl nvestigation

Forensic Entomology is the study of the application of insects and other arthropods in a criminal
investigation. Insects or arthropods are found in a decomposing vertebrate corpse or carrion.
These isect colonisers can be used to estimate the time of death. It is a time interval between
death and corpsestiovery that is also called PKlloucao, 2017)it is possible for the forensics

to use data that are based on insects and their larvae morphology, growth histories, species
distribution and toxic contesitin their tissue in a criminal investigation. The rate of
decomposition of the body and the interpretation of PMI is influenced by the arthropods,

including insects, that visit and colonise the decomposing (Bdiff, 1993)

It is important toknow that insects attracted to the bodyt@pther insects that are alrgaoin

the body can be collected astlided by an entomologist. The entomologist can identify the
various types of insects as well as their stages of development. Since each developmental stage
lasts for a reasonably predictable time, the entomologist @ianlate how long the various
insects have been on the body. If live larvae and pupae are available, the entomologist can then
let them develop in thédaboratory for more accurately defindor the length of their
developmental stages under prescribed dmmd. Potential effects of differences between
laboratory conditions and the conditiafehe bodywereexposed to in the environment on the
development of the insects must be taken into account during estimation of PMI. The time
frame developed by thentomologist represents the minimum time the body has been dead
because a body may have been dead for some period of time prior to insect infestation. The
entomologist is also able to determine what insects are active at particular times of the year and
how long it typically takegarticularinsects to invade the body. By identifying the insects on

the body that are not part of the local population, the entomologist can identify if the body has
been moved and, potentially, where it originaf@x and Graham, 1999)Taxonomic
identification of the insects found on corpses is essential to the reconstruction of events

surrounding criminatases involving death. In additideeding larvae can be collected for the
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potential use of insects as alternative samples for detecting drugs and toxins substances in or
on a dead bodyrhe drugs and toxins can also affect their rate of developiAergndtet al

2011, Byrd and Castner, 200%pr example, cocaine and heroin signifitamicrease the rate

of development of larvae and thereby affect the accuracy of PMI if not taken into a@yrant

and Castner, 2009)

1.2.3.7.3Indicators of Time of Death

Besides the changes involving the body, other information from the scene may help in
estimating the time of death. Some of this information involves the body and other details do
not (Dix and Graham, 1999Historically the determine time since a death was based on the
condition of the cadaver itself and its phydi@atures such dise decreas@a body temperature.

The medical information over 72 hours of the dead time is less available to correlate PMI.
However, forensic entomology can provide an estimate of the minimum PMI, using the life
cycle stages of partitar fly species recovered from the cadaver, or from the succession of
insects found on the body. This estimate can be used once the normal pathological features are
no longer working to determine time since dedtie postmortem interval is believed toast

when the first fly stagto lay their eggs on the body and to ends when the body is fohed.
summation of the time in the individual life stages taken to calculate the insect life stage, which
recovered from the body, the relation to its particatage of decay, gives a good estimation

of the probable length of time the person has been dead. Indeed, this may be the best estimate
of the time since death that is availaf@Bennard, 2012)

1.2.3.8Microbial Communities

Microbial communitiesand insectsre the major driving forceof the deomposition process

and progressver the timgMetcalf et al 2013)(Fig. 12). Few studies are performed in order

to study the microbiome decomposition actiitlydeet al 2013) However, American groups

have been working on this topic in the last yé@snn and Pitt, 2012{ydeet al 2013, Metcalf

et al 2013, Pechadt al 2013a) It is established that the breakdown of the tissues is primarily

a result of autolysis and bacterial de¢@pdriguez, 1996)Although the bacterial communities
associated with a decomposing cadaver have been found to be complex, it was found that

bacterial communitiediverse and varied considerably between individuals. Some resesarche
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indicate that the analysis of the microbiome has some potential to become a PMI estimation
tool (Parkinson, 2009)

The forensic ability of the microbial analysis is becoming increasingly strong as a consequence

of advances in molecular sciences and genomics, that increased the evidence that humans have
(microbiome) that could use to determine ethnicity, country of origin, em@h personal

identity (Gunn and Pitt, 2012)

Development of other forensic tools using baelecommunities is strong and helpful for
forensic investigators whicare could dramatically enhance forensic death investigations by
reducing the time and monetary costs requirBdrthermore,to determine whether a
decomposition process has occurred jpadicular place, also in cases where bodies have been
moved by perpetrators or by scavenging animals. There are specific organisms such as
Enterococcus that can also establish whether that decomposition event was caused by a human
body or another large ammal (Parkinson, 2009)Following death, the environmental
conditions affect the speed of microbial movement through the body; also, the presence of
wounds on the body will aid the entry of arobes In addition, if the body is immediately
frozen after death, then there is no movement of microorganisms and thereby, decomposition
does not occufGunn and Pitt, 2012)ordan and Tomberli(fR017)divided thefactors affect

the microbial activity andhat couldinfluence the arthropod activity associated withe
decomposing bodiyto abiotic factors, which include (nutrition, temperature, humidity, pH and
salinity), and biotic factors, which include (competition, predatjiocommensalism and

pathogens).
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Figure12. Biodiversity of microbe and arthropod communitiestinct cadaver decompositiéRechalet al
2014)
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1.2.3.8.1 The Role of Microbial Communities in the Decomposition Process and

Necrobiome Epinecrobiome and Thanatomicrobiome Communities

The forensic microbiology is considered recently as one of the ane@of forensicscience,

which concerns in thénclusive addressing of the role of the microbial communities and the

soil inhabitants in several aspects ooty restricted @ the cadaver decompositioA.dead
mammalian cadaver is theorised as a {gghlity elemental resource, such as carbon, nitrogen
and rich water content, which can liberate an intense and focused pulse of carbon and nutrients

into the sdiduring the decomposition procg&org and Haglund, 1996)

In spite ofthat,about 5000 kg of cadavers can be plaiced square kilometre of terrestrial
ecosystem every year, the cadaver decomposition processostiideredas a neglected
microsphere of forensicNumerous researchers having a concern regarding the cadaver
decomposition process are conducted undegtiee of forensic taphonomy, which is defined

as a branch of palaeontology that can connect the concerned analysipayinioetemto the
postmortem periods. Ipossessethe ability to describe and elaborate all events which affect
the organism fromhte preagony and death until the structural conservation and the subsequent
transfer from the biosphere to the lithosph@taglund and Sorg, 2001, Maggti al. 2008)

The forensic taphonomic studiaie focusing on the recovery and the collection of the protocols
reports which have documented various aspects such as investigations on the death causes,
interpretation of the events that led to the cadaver discovery, understanding tdegbost
alteratons which have conducted on the soft tissue, muscles, and (ddagsi et al. 2008)

This branch of science was developed aiming for obtaining a comprehensive understanding of
the decomposition site ecology, tackling the effect of the ecological changes upon introducing
the remains of plants and animabhddressing the factors that influence the decomposition
process of these natural materi@srteret al 2007)

Recently, these stated objectives were consolidated and merged within the &riemse, in

order to obtain the comprehensive understanding of the human cadaver deconmpostiss

Which can lead to the provision of the firm basis for estimating therpostem and the post

burial interval Furthermore, these outlined objectives easistin determining death causes

and its correspondingranner, whictcan then lead to the idgfication of the exact locations

and positions of clandestine gravéBese specified goals can be achieved through the extensive
study of the environmental factors that can affect the cadaver decomposition process, such as
temperature fluctuation, moistUH GHJUHH FKDQJHV LQVHFWVY DFWLYL
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microbial communities. \Mch have emerged from the peristing cadaver living flora, from

the human microbiome, and from the environmental microbial communities in the soil which
have diffised from the fallen carrion or have transported through the moving iSeactsret

al. 2007)

In fact, by theorising to the cadaver through the context of the ecosystem and from the
LOQFXEDWLRQ SHUFHSWLRQ RI EDFWHULDO 1XQJDO FRORQI
the cadaver tem to be far away from dead system considerations and definitions. The
decomposition stage is considered as a mgyatem, whictstructured with a close association
between biotic and abiotic factors with a specified function for each Amtdtionally, the
HFRV\VWHP DOWHUDWLRQV IRU H[DPSOH WKH dp€&MHFWYV {
patternof thedecomposition; consequently, make the potéfdiaobtainingirregular findings

Thus the complete understanding of these effective facsorempulsory and essential by the

concerned forensigqslydeet al 2013)

In forensicsciences, the bacterial communities are specified as a prime agent for the initiation
and the completion of the cadaver decomposition process along with the human remains
degradationFurthermore, e importance of the soil microbial biomass hasrbrecognised

DQG GHILQHG DV pWKH H\H RI WKH QHHGOHY ZKLFK DOQO
eventually(Jenkinson, 1977)Recent studies elucidated that the microb@minmunities are
following the succession pathways through imposing the modifications and the metabolism of
the natural resources through selecting their degree of the usability in comparison to other
colonising microorganism@enbowet al 2013)

Various termsave been exploited in the forensic in order to refer to decomposition organisms
and posimortem microbiome (Fig3) WR GHILQH DFFXUDWHO\ WKH FRUSVFE

Necrobiome from the ancient Greek terminology; nekro, which means the dead body, the
corpse, or the dead person. This term is referring to the various communities of species, whether
they were pro&ryotic or eukaryotic, also, if they were unicellular or multicellular. This term is
defining the correlation between the microbial species and the decomposition process of the
heterotrophic biomass remains, which includes the human cadaver amirttasfcorpses
(Benbowet al 2013)

Epinecrotic bacterial community, from the ancient Greek terminology, which is defined as

branch of thenecrobiomewhich includes the residing or moving microorganism on the
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decomposing remains surface, such as the skin or the mucous membrane of the mouth cavity
(Pechakt al 2013a)

Thanatomicrobiome, from the ancient Greek terminologhanatoswhich means death, was
initially introduced by Caret al,(2014) This term is defiing themicrobiomes, whichare
incubated at the surface of the cadaver. In addition, this terminology identified by the authors
for providing a description of microorganisms present within the internal organs of the host, for
instance, spleen, brain, anlkdeart. The difference between theecrobiome and the
thanatomicrobiome is that theecrobiomesFRPSULVH YDULRXV JURXSV RI
species, insects, arthropods, and largeganisms, whichhave devoted theifunction to
degrading corpses. While ttleanatomicrobiomes, referring to themicroorganisms, which can
conduct the decomposition process within and through the surface aidiéneec body and the

decomposingemaing(Fig. 13).

In fact, the majority of the internal organs, such adthe, hart, liver, and spleeare devoid

of microorganisms as a result of the eradicative function of the competent immune system of
the healthy adult. Conversely, in regards to the human bodydpast scenario, the immune
system loses its viability, which lesutb the proliferation of the microorganisms throughout the
whole body, initially from the ileocecal segment of the intestine and spreading to the vital
organs such as the spleen and liver, thftee, the brain and the hearhe spreading approach
followed by the bacteria for the purposes of body system invasion is through the microbial
diffusion exploit the lymphatic and the vascular capillagstemby the infestation through the

lining mucous membrane of the respiratory system track.ehligonmentabtmosphere and

the surrounding conditions do not critically affect the internal organs associated
microorganisms moreover, they exhibit a relative resistance to the gastric microorganism
proliferation postdeath influence, in comparison with the externajans corresponding
microorganisms, whichre usually incubated in the outer surface of the skin and the oral cavity
epithelial tissues. The monopolisation of the internal organ tissues for applying the
thanatomicrobiome operation is providing merits denances superior to other sampling
FDQGLGDWHVY VLWHYVY 'LDOHFWLFDOO\ DIWHU GHDWK Wtk
ZLWKLQ WKH WLVVXHV Rl WHadareaGDOMR)U TV LQWHUQDO RUJ
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Figure13. Human postnortem microbioméJavaret al 2016a)

From a forensic domain perspective, exploring these signalize microorganisms is an essential
manoeuvre, studying and screening the presence or abdesmcentain bacterial species can

be considered as an indicative tool for evaluating the¢eesth elapsed time duratidWhich,
denominagd as the posnortem interval (PMl)in relevance to the related studieglanted

in mouse and swingpeciegdMetcalf et al. 2013, Pechatt al 2013a) Referring to the related
studies, the yielded results from the autopsy microbiology, which is exploite@aBranatory

tool for the presence of a potenti@htemortem infection, identifying and indicating the
infection in the scenarios of the anonymous death causes, or assessing the antibiotic therapeutic

range of efficacy in inhibiting or eradicating the ictieus pathogen&anet al 2014)

Furthermore, the poshortem microbiome is utilised for providing a generalidescriptionof

WKH PLFURRUJDQLVPVY FRPPXQLWLH \sed Wit ihéicabve/terds Z L W K
including thenecrobiome the epinecrobiomeand the thanatomicrobiome. The pasirtem
microbiome terminology is utilised by the concerned authors in a context where they try to
address and e@state the posiortem interval PMIbased on the forensic microbiology

purposegJavaret al 2016a)

1.2.3.8.3The Use ofForensicMicrobiology in Forensiclnvestigation

Essentially, full recognition and examination of all dimensions of the crime scenes are
necessary. Otherwise, some evidence may not get discovered for a while such as the evidence
of physical assault, disease and their factor detection, and intentional incidents. There is a
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structural similarity between the forensic microbiological investigatand othestandardef

forensic investigations, involving crime scenes investigations. Which custody practices,
evidence collection, samples handling and their proper preservation, evidence transport,
evidence analysis, obtained results interpretatemd court comprehensive representation
(Budowleet al 2005) Microbes have been inracognisablgosition in the field of medicine,
fermentation science, and ecology, however, recently microbial science has been introduced in
the field of forensics. The continuesadvances in the molecular sequencing and computational
techniques have revolutionised the involvement of the microbial approach in the forensic field
(Gunn and Pitt, 2012)

The widespread and diversity of microbes can legalise confirmed their exploitation as a forensic
evidence. Consequently, the microbial forensics has mekcatedto illustrate the role of
microorganisms irassistinghe forensic investigations, in addition, the existence of microbes
could permit to identify the individuals, objects, organisongpcations. In fact, there is a strong
proofing that the human s carrier fora highly diverse microbiome, whiamight prove its
applicability in indicating personal characterisation, ethnicity, and country of origin. Moreover,
the human microbiome exhibit variations within body regions, a feature that can be exploited
for determiing the origin of stains which can be caused by different human fluids, such as
saliva and vaginal fluids. In addition, it provides a possibility of imposing a linkage between
the residual station and the correspagdperson responsible for iReferringto the same
concept, the microbiome composition present in the soil sample might act as an indicator of the
geographicabrigin or a specific locatio.he highspreadbility and diffusivity of the microbes
require the proper linkage of the accused anglduatiff toward a specific strain. Furthermore,

the preservation of microbial forensic samples is differing based on the microbial metabolism
diversity of the organic and inorgameaterials, whictcan be tilised as preservation media.

Not to mention, e human corpse can be a major source for transmitting infectious
microorganisms, therefore, requiring the cargandlingof minimising the risks of contagious

disease exposuf&unn and Pitt, 2012)

7KH DSSOLFDWLRQV RI PLFURELDO F BR&XMQd.imptade/ath dpe@ D O \ V
of forensic science domain, i.e. forensic microbiolofye microbial forensic attribution can

be stated as the comprehensive characterisation of microorganisms present in the collected
sample, and classify them on the basis of their species or strain level followed bycifie spe
isolation and culturingFurthermore, scientific attribution caxcludeother isolatedsuspects

or sources as much as possible, atsdpsinvestigations and leggdroceduresindeed, the
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microbial forensic practice requirements and standards exhibit lower defining borders than
other wellestablished human forensic domains. Nevertheless, the validity establishment of the
microbial forensic methods in terms of utilisation and interpretation contributes to several
factors including the admissibility, acceptance, confidence, value th@ndveight of the

obtained evidence in the investigation proced(iBeslowleet al 2014)

1.2.3.8.4Microbial Communities Variation in Human Body

Microorganisms are the most abundant and genetically diverse living organisms, which

ubiquitously inhabithie environment including many extremely adverse environments.

The microbial communities associated with human body have a high level of variability among
individuals ineverybodyand between the body regiansluding the gut, skin, and oral cavity,

and réative stability withinindividuals(Fig. 14)Costelloet d. 2009) On theothe hand, many
similarities of the microbial communitiégve beefound in the different body region;rapits

and foot soles also share similar bi(Barley, 2009)

Until a few years ago, the lack of populatiscale data detailing their composition and function
represented a big obstacle for the scientific community in investigating the microbes that inhabit

the human body, soils and elsewhere.

Since 2008, the US NIHunded Human Microbiome Project Consortium (HMP) has been
gathering a broad collection of scientific approaches and expertise to explore defined microbial
communities and their links to the corresponding human hosts. The developmenéaidlar
biology technologies coupled with new bioinformatic to@ee allowing this type of
investigations. Microbiome investigations from this cohort involved several complementary
analyses, including 16S ribosomal RNA (rRNA) gene sequencing and taxopoofiles,
whole.genome shotgun (WGS) or metagenomic sequencing of whole community DNA.
Researchers concerning in HMPC described the thousands of samples obtained from 15 or 18
distinct body sites from 242 donors (48 years old) over multiple time pdgnthat were
processed at two clinical cees, Baylor College of MedicindBCM) and Washington
University School of Medicine. A set of 5,298 samples were collected from 242 adults, from
which 16S and WGS data were generated for a total of 5,177 taxofignoitaracterized
communities. (16S) from a collection of 11,174 biological specimens and 681 WGS samples

describing the microbial communities from habitatshwitthe human body regions likeal
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cavity, skin, gut and vagina and the distribution as se@rg. 14) (Metheet al. 2012, Costello
et al. 2009, Huttenhoweet al 2012)
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Figure14. Phylum abundances per body region. (HMP, 2012). For each of the body sites studiedli®&gboth
ribosomal RNA (rRNA) gene sequenci(d) andWGSwhole genome shotgun sequencing (B), the ringest
abundant phyla arféirmicutes, Actinobacteria, BacteroidetBspteobacteria and Fusobacteria.

1.2.3.8.5 Ppinecrotic Communities in the Forensicl nvestigations Contexts

Numerous recent forensic studies have focused on finding a firm correlation between the human
bacterial communities, which came from a dead or alive body. Also, from the corresponding
crime scené¢Fiereret al 2010b, Hydeet al 2013) In order for researchers performthat aim,

several analytical methods have bempplied at different stages. In comparison with the
previous applications of the microbial community analysigdmensicpurposes, the attentions

were restricted towards identifying the microbe type obtained and cultured from the crime scene

understate@nvironmental circumstancésSunn and Pitt, 2012)

The forensic investigations are followingetformal procedures of exploratory process, starting

with the precise locating of the cadaver and the remains, followed by the sampling from the
buccal cavity and the skin, for example, by utilizing sterile cotton swabs. This procedure is to
provide key i'YHVWLJIJDWLRQDO IRU GHVFULELQJ DQG TXDQWLI\
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profile present on the cadaver or the remaining at the time of the forensic discovery. Samples
collected should be stored individually at a low temperature, approximiatelyf & LQ RUGHU
be applicable ahfertile for further analysisThereafter, the metagenomics sequencing analysis

is performed after the successful retrieving and processing of the extracted DNA from each
collected samples. Posteriorly, assess theatlvieacterial communities through the relative
determination of the taxon abundance at the preferred context of the taxonomic resolution using
a classification of the DNA sequences. The importance of these obtained data is arising from
their applicabilityin aiding the estimation the decomposition time and the physiological
interval. Subsequently, a comparison between the identified bacterial communities from the
collected samples and the identical reference data from the environment is conducted, the
compaison based on the taxon abundance and the relative richness, known ratios of the
dominant taxa during composition can be compared with the relative abundance of the
identified bacterial community. Afterwards, an estimation of the physiological time cange

be obtained based on the analysed bacterial communities which are calculated under the support
of the weather station relevant data (Fif) (Pechalket al. 2013a)

1. Use sterile cotton-tipped swabs
2. Place each sample in individual sterile
Swab R . P
container
3. Store at -20 °Cor 80 °C
Y
)
Metagenomic |.......y| 1. Extract DNA from each sample
Sequencing 2. Sequence samples
N’
Y . .
4 3 1. Classify pyrosequencing sequences
Bacterial -=======3 2. Determine taxon richness
classification 3. Determine taxon relative abundance
)

1. Compare the bacterial taxa community
relative abundance of the samples to the
known relative abundance data and
richness

2. Estimate a range of physiological time
(h °C) based on bacterial community
composition

3. Use weather station data to back-
calculate the number of days until the
estimated physiological time (h °C)
range is met based on bacterial
community classification

Figure15. Framework for utilizing bacterial communities to estim@adé (Pechalet al 2013a)
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The @inecrotic bacterial communities haurique shifting profilesrestricted to one day for

the decomposition process completion, this featmight be helpful in forensic where the
conclusive evidence is absent in the crime, for example, when the critical insects are not
colonised through the remains at the discovery time. As a future perspective, exploiting the
epinecroticbacterial communigs as a forensic analytical tool is takepatential spot for
simplifying the investigational measurements. Furthermore, these obtained data are
contributing majorly to the rising forensic knowledased orthe general dynamic of the
decomposition ecolagal science and th@ecrobiome The critical identification of the
FRPPXQLWLHVY LQWHUDFWLRQ FDQ EH Higdrbbioidtecs ED V|
decomposition ecology, in significance to the decomposition process, the attraction controlling
the mechanismof the nommicrobes tothe cadaver, also, the impact of the natural
decomposition process along with the forensic suitability and the appropriate applications
(Pechakt al 2013a)

1.2.3.8.6%0il Microbes asForensiclndicators

For many purposes, the soil microorganisms can be considered as a single group of living soll
organic matter (theoil microbial biomass(Brookes, 2001)The soil surrounding the cadaver
plays a crucial role in legal investigations as a tool for providing physical trace evidence that
might act as a critical key for linking the victim or suspect to the crime siadifying the
unknowncadaveranddeterminingwhetherthe cadaver has been moved from the actual crime
location or not. The traditional forensic analysis of soil is usually depemudirits physical
properties and chemical composition examining features such agpsgitolow, and particle
size.In addition,its elemental, mineral, and organic content, the fadtmascan cause the
limitation of this analyst procedure is the lack of the reasonable arobtimt materials and
substrates. &0, the lack of soil databas@deyers and Foran, 2008)

Soils are considered as a dense environment of various microbial communities. Considerably,
the soil microbes could exhibit a forensic significarpagticularly in the later stages of decays
when the abundance of the insects has been reddisedthe differences in the carcass quality
were found to affect the soil microbial communities anfibllowing decomposition processes
(Hawlenaet al 2012) Fromtheinvestigative and a perceptiah evidencethe acquisition of

more data has a direct relationship with the robustness of the forensic case. The microbial

communities present in the soil located in contact with the corpses are tending to undergo
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substantial biochemical shifting, as consequent results of the fluids, nutrient, microbe
movement into the grave soil. The potenttahngesn the soil microbial commuties are
providing an advantageous investigative tool that can be exploited for estimating the PMI or
identifying the clandestine grave exact sitBse effect of soil water content on the microbial
FRP P X Q tompoitiofi was most clearly in the floodeskes, as might be expected since

the prevailing electron acceptors stronglffect microbial community structure. Although
flooding changed microbial community composition, the response was most pronounced in the
organic carboramended samples. Withoutganic carbon inputs, the microbial community
PRVW OLNHO\ ODFNHG VXIILFLHQW RUJDQLF FDUERQ DQG
with a new community. Another potential impact of carbon additions may have been the
development of anoxic conditienn carboramended microcosms, in contrast to unamended
microcosms that more likely remain aerobic in the absence of a strong oxygen demand
(Drenovskyet al. 2004)

1.2.3.8.7ThetwopULPH DUHDV RI PLFURELDO FRPPXQLWLHVY DSS

x The dynamic analysis, defined as the exploitation of the microbial communities as a
biological clock for estimating the PMI in the forensic investigations.
x The static analysis, defined the utilisation of the microbial community as a fingerprint

during the forensic investigation at the crime scene.

1.2.3.8.8Research Mode$ of the Microbiome Characteristion

Many postmortem microbiological studies use animal models such as swaecbdPR Carter,
Crippen, Levran and Finye2016 Benbowet al 2015 Howardet al, 2010) or juvenile rodents,
Mouse corpsesMetcalf, and Jessic2016 Carteret al 2008. Pigs could be a suitable
alternative because of a high degree of similanityhe decomposition processesmparing to
human Whereas, other studied were performed(Hyde, Can, Pechal, Sing, Crippemda
Gulnaz T. Javan 2016&lyde et al 2013, 2015 Metcalf et al. 2016) usinghuman cadavers,
which they are frequently obtained throufield experiments using willed body donation or
autopsied cadavers in criminal cadasaddition,Salmoncarrions(Pechal and Benba2016)
Summary of some research studies about the analysing of the microorgamagrelonise

cadaver is listeth table 5.
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Table5. Summary of some research studies showing that the microorganisms can colonise the cadaver in an expeatsd! thetteran be used for forensic purposes.

Statistical and other

Article title Carrion used DNA analysis . Reference
analysis
Forensic identification using skin bacterial Human skin =~ Amplified 16S rRNA genes using primer
communities Individual 27 Fand 338 R ANOSIM (Fiereret al 2010a)
objects 454 pyrosequencing
The living dead: Bacterial Community Amplification of V3-5 regionsof 16S QIIME version 1.7.0, an
Structure of a Cadaver at the Onset and End Human rDNA gene opensource software (Hydeet al. 2013)
of the Bloat Stage of Decomposition cadavers Primers used: package
357 F, 926 R
454 FLX Pyrosequencing
The potential use of bacterial community Amplification of V1-3 regions of 16S
succession in forensics as described by high Swine rDNA PERMANOVA (Pechakt al 2013b)
throughput metagenomics sequencing carcasses  Primers use:

Gray 28 F, Gray 519 R
454 FLX Pyrosequencing
Biolog EcoPlate®’ for Microbial

Microbial Community Functional Change Swine community function PERMANOVA (Pechalket al 2013a)
during Vertebrate Carrion Decompaosition carcasses = Amplification of V1-3 regions of 16S
rDNA gene

Primers used:

Gray 28 F, Gray 519 R

454-FLX Pyroequencing
sequencedy100 base pairs of both 16S

A microbial clock provides an accurate Mouse and 18S amplicons at a depth of millions PERMANOVA
estimate of the postmortem interval in a of sequences using the lllumina HiSeq (Metcalfet al 2013)
mouse model system platform

16S rRNA variable region 4 (V4) usirsg

primerset 515F/806R

18Sprimers Euk391f/ EukBr
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Microbial communities associated with human
decomposition and their potential use apost
mortem clocks

Initial insights into bacterial succession during
human decomposition

Seasonal variation ofpostmortem microbial
communities

Evaluating variation in human gut microbiota
profiles due to DNA extraction method and
inter-subject differences

Microbial ecology of the salmon ®crobiome:
evidence salmon carrion decomposition
influences aquatic and terrestrial insect
microbiomes

Human Thanatomicrobiome
Succession and Time Since Death

Mice corpses

Human
cadavers

Swine
carcasses

human

Salmon
fish

Swine

Amplification of V1-9 regions of 16S
rDNA gene.

454 pyrosequencingf soil 16S rRNA
gene sequencing on the lllumina HiSeq
platform using prokaryotic 515 F and 80!
R primers.

454 pyrosequencing and analysis of
variable regions & of the bacterial 16S
ribosomal RNA (16S rRNA) gene.

Analysis of similarity
(ANOSIM) and nonmetric
multidimensional scaling

(MDS)
analyses

Non-parametric
t-tests using 99Monte
Carlo permutations

Amplification of V4 region 6 16S rRNA
gene using 515 F and 806 R primer set.
Amplification of 18S rRNA gene using
Euk139 F and EukBr primer set
Sequencing via lllumina HiSeq and MiSe¢
platform

V4 region of the 16S rRNA gene was
amplified

PERMANOVA

PERMANOVA

Amplification of variable region 4 of the
16SrRNA gene

Primers used: 515 F/ 806 R

lllumina MiSeq

PERMANOVA

ANOVA
measures of microbial
diversity differences using

ADONIS

16S rRNA genes were

amplified by universal primers for the V4
region (515 FB06R)

Microbial sequencing was performed on
the MiSegplatform (lllumina)
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(Hydeet al. 2015)

(Carteret al 2015)

(Mackenzieet al. 2015)

(Pechal and Benbow,
2016)

(Javaret al 2016b)



Microbial Signatures of Cadaver Grave soll
During Decomposition

The Thanatomicrobiome: A Missing Piece of
the Microbial Puzzle of Death

Microbial community assembly ard metabolic
function during mammalian corpse
decomposition

Dynamics of Necrophagous Insect Species anc
Bacteria from Swine Carcasses During the
Warm Season in

Conference Paper

Dynamics of Necrophagous Insect and Tissue
Bacteria for Postmortem Interval Estimation
During the Warm

Season in Romania

Postmortem succession of gut microbial
communities in human cadavers

Human
cadavers

Swine

Mouse and
human corpses

swine
carcasses

swine
carcasses

Human Gut
Microflora

The V4 region of 16S rRNA geravas
amplified with regiorspecific 515 F/806
R primers

European Bioinformatics Institute

Sequence Read Archive (PRJEB9166).

16S rRNA gene amplicebased
sequencing approachkavemade
significant progress in opég up new
lines of inquiry

ampliconbased sequencing of
16Sribosomal RNA (rRNA) genes
(archaeal and bacterial community)

Denaturing Gradient Gel Electrophoresis

(DGGE) analysis of the 16S ribosomal
RNA (rRNA) gene fragments.

Amplification of Bacterial 16S rRNA gen

using primer: 357 and R 518

16S rRNA gene libraries (V4 region)
amplicon sequencing
lllumina MiSeq platform
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ShannorAWiener Diversity
nonparametric onavay
analysis of variance
KruskalWallis tests using
Prism 5 (GraphPad
Software)

(Finleyetal. 2016)

PERMANOVA and
ANOSIM

(Javaret al 2016a)

Excel and ANOVA (Metcalfet al 2016)

(lancuet al 2016)
Comparing theesultin
Excel

MS Excel
principal component
analysis (PCA)

(lancuet al 2016)

SIMPER analysis
NMDS analysis of Bray

(DeBruyn and Hauther
2017)



1.2.4Estimation of Post Mortem Interval (PMI)

In terms of the physical evidendbe establishment of the approximate time estimation of death
until the cadaver discovery moment can exhibit a major source of difficulties in forensic
investigations, precisely, speculation of the time period where the cegssexposed to the
surroundghg environment, which is known as the postrtem interval (PMI). It belongs to one

of the thanatocronologicalparameters whit used for analysing death timén death
investigations, the accurate assessment of PMI is critically important becauseaititaie

the conclusive identification of suspects and victims, also, it can simplify the acceptance or
rejection of alibis against the suspects, the death certificates distribution, and the allocation
confirmation of assets stated in wills. The detertiomeof the PMI time ranges and indicating

the precise time window and locations of both the witness and the decedent are substantial

inclusion and exclusion parameters of suspects aiding in defining the assaulting circumstances.

As previously addressedMP has exhibited some establishment difficulties, attributed to the
relatively limited understanding of the gradual decomposition of the corpse which majorly
affected by several surrounding variables. In the early period of thenaottm, which is the

first 4880 hours after death, the estimation of PMI through the precise measuring of the
temperature is considered as the duty of the medical examiner, forensic pathologist, or the
coroner. Therefore, this estimation is prone to be affected by severadblesriand the
investigational evaluation is compromised by the thanatological events. However, the
applicability of PMI time might be limited in some extremes assaulting cases, for instance,
corpse dismemberment, concealment, explosions, and burning, thereds nstandardised

approach for deriving the exact death time in these forensics sceivaios et al 2013)

Taking nWR FRQVLGHUDWLRQ WKH YDULDELOLW\ RI FDGDYF
specific factors thatcan dependently affect these pathways including biotic, abiotic, or
microenvironmentdiactors. Theséactors, which initiate the decomposition procelsuld be
extensively studied in order to obtain an approximate estimation of PMI, examples of these
decomposition methods including concentrating of potassium in the vitreous humour, livor
mortis, and forensic entomology. Unfortunately, the low applidglmfithese methods in many
conventional forensic scenarios and the limited accuracy in measuring the PMI have provoked
the need for seeking better alternatives. Considerably, the entomological discipline is an
approach, whiclFRQFHUQHG LQ Lg® &d F/epplicaiicpRiZ dcEil procasgs

and criminal trials fieldsThe estimation of thdeadtime is well known as the cadaveric fauna,
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which is widely accepted method for supporting the histological and chemical analysis and aid

in police invesigational procedures. This method studies the decomposition processas a
specific function for estimating the PMI belongs to the vertebrate remains, utilising the biotic
signatures which are associated with different decomposition stages, for ensthac
development rate dflowfly larvae succession correlated with insects which induce changes in
WKH ELRFKHPLVWU\ RI FRUSVH pJUDYH VRLOY 7KH LQVHF
fauna which can be found in the corpses, particularly, dshfiies and beetles which named

as the Diptera and Coleoptera respectively. These are known to be selectively attracted the
corpse decomposition status and are able to far@V Hé&WhuUrities within necrophagous

and their parasites, predators, parag#rurchetto and Vanin, 2004)

The insecs viability and their proliferation capacity throughout the cadaver depend on several
factors including the ambient temperature of the environment and the contact degree with the

corpse (e.g. presence or lack of clothes).

The Period of Insect Activity (R), which is the period of time when the depositions of the
eggs or larva occur until the discovery of the corpse, is caesidiifferent than the term PMI.
While, minimum Post Mortem Intervair(PMI) is defined as the eggs elapsing time by Diptera
and Cotoptera and the cadaver discov@tig. 16) (Lewis and Benbow, 2011Unfortunately,

there are lacks in methodologies for the real experimental measurement &hBMhgly; the
shorter the time otadaver findingoy theflies will eventually lead to a shortetfifference
between the PMI anthPMI. Colonrsation Interval (Cl) is a term suggested by Benecke, in
order to minimise theonfusion between the PMI amdPMI terms.Cl is majorly related to
mPMlI, and it exhibits more appropriateness for describing entomological forensic purposes
(Magniet al 2008)

Real PMI

Death

Cadaver Discovery

MPMI = CI

Eggs/Larva
Deposition

Figurel16. Shown the real period tffie postmorteminterval (Magni et al. 2008).
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The cadaver accessibility degree will determine the rurabflies attracted and consequently
prolonging the egg deposition time. Toarrounding barriers and the cadaver location could
GHILQLWHO\ DIIHFW WKH LQVHFWVY{ $BFRHGLIQQD\W MPKH W
detectability by the insects is afted by the degree of odour diffusion, and the inherent

difficulty in reaching the concealed corpses.

7KH L Quaoldrksatihiyrocess is influenced by two overlapping parameters including gases
escaping andhe cadaver surface approachsd the insects. bwever, the entomological
strategy for estimating PMI is encountering some limitations due to the persistent uncertainty
in measuring the time interval between death and insects egg deposition on the cadaver. On the
other hand, the entomological approarhikiting a prime advantage versus the other standard
methods in determining the early PMI, the arthropods have the ability to produce a precise
measurement in the later phases when the other classical forensics patholbgitohogt

reach a failure stag®n the other hand chemical analysis afarious components of blood,
cerebrospinal fluid, and vitreous have been studied as a means to determine the time of death.
Unfortunately, none of these studiess yielded conclusive means to identify when sonmeo

died. The concentration and rate of potassium in the vitreous fluid have received the most

attention over the years. Its use is limited beeafsvide individual variation.

1.2.4.1An accurate Estimating of PMI using the Microbial Clock

The ecologial perspective has been combined into the forensic science in oofé¢imasethe

ability to estimate the PMI associated with the terrestrial ecosy#detcalfet al 2013)

The ubiquitous microorganisms tihe environment are associateih antemortemand pos
tmortemmanifestations of human beings, as a point of the defect; microorganisms have been
underexploited and underutilised as biological indicators for estimating the length of death time.
Until now, there is a limited knowledge of understang the postnortem microbiology and its
LQYROYHPHQW LQ WKH KXPDQ FDGPetliaetdPBRE))FURELRORJLI

The corpse decomposition follows several defined forensic phases depending on the nutrients
UHF\FOLQJ SURFHVYV SHUIRUPHG E\ WKH PLFURJIRMSJDOLVPV
phases are including the pdecomposition fresh phase, the active decay phase which

constitutes of bloating and rupturing, and the advanced decay (hheisalfet al 2013)
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Finleyat al., (2014) demonstrated that theiecnobial communiesmightoffer a novel and more

precise means of estimating the PMI. Because of this more continuous rather than separate
processes$FFRUGLQJ WR WKH UHFHQW VWXGLHV WKH PLFURF
dynamic nature during the peastortem plase in the screened microbial models, in particular,

the indigenous residing of the microbial succession in the hubwy during the
decompositior{Pechalet al 2015)

Considerably, the rapid modifications of the -apcrotic microbial communities can be
LQYHVWHG DV D 3PL FtaREeluBed af OHaStINOr th&dppriximate estimation of

the postmortem interval (PMI), having the ability to overcome the typical atssaof the

forensic entomologyRecently, collaborative forensics researshéave been conducted
towards establishid DQLPDOVY VXUURJDWHV LQVWHDG RI KXPDQ F
accurately estimating th@PMI ranges followed by the statistical extrapolation to the human
mPMI, examples of these animals are swine and mouse. The forensic microbiology prime
objective concerning this research domain is reaching the optimum description for the
decomposition process as a function of the temperature, taking into the consideration the
cadaver exposing factors duringpariod rather than concerning the time as an vidiial
predisposing factor. The metagenomics andrteerobiomic FRPPXQLW\fV DQDO\VL
fundamental basis for proking these forensics studieReferring to a recent study, pigs have

been used as surrogates for human cadavers, aiding in theeglesseintation of the bacterial

F R P P X Q heardbibmifinduced changes during the decompositiorspeaamong different
seasons. fie assessed cascades of the obvious decomposition changes can be utilized in
designing a map for estimating death time to ppliad feasibly in forensic investigations
(Metcalfet al 2013)

Hydeet al, (2013)have conducted one of the initial exploratory investigatiottsthe internal
microbiome of the human cadavetsa this study, two human cadavers have been placed
intentionally in outdoor in order to induce the natural environmental decomposition; the
decomposition process has been observed and studied carefully followed by an establishment
of metagenomics techniques catalogue of microbiological species involved thei human
decomposition bloat stage. The overakultof this studyis the successful demonstration of

the microbial signature variabilities among tbempletehuman bodyand samplespecifc

regions within the human bodyn hddition, it produced a peesentation of the bacterial shift

from the aerobic téhe anaerobic state during the interval time between the initial points and
theendoints of the bloat phase with the tested sartijele et al 2013)
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Several relevant studies have succeeded in generating an investigational model based on the
microbial sequence changing patie which can be implemented for the posirtem intervals
estimation. Accordingly, Pechet al, (2013) demonstrated that the bacterial communities
incubated in the skin and mouth can undergo some drastic changes the decomposition
processThe microbial community changes during the decomposition process in a mouse model

confirmedto be measurable, repeatable, and dranfiskatcalfet al. 2013)

1.2.5Techniquesof Microbial CR P P X Q LAWialy$i¥ 1

The analyss of the microbial forensits conducted in the context of a criminal investigation,
which shapes the differences between its technologies and best practices that used for clinical
examination and public healtfihe analytical differences factors between microbial forensics
and other sdors are legal requirements that must meet regarding (1) sayme, (2) level of

characteriation, and (3) interpretation and report{i@garland and Mills, 1991)

Investigators must have confidence in their results and the procedures theysédwehen
reporting to a court.In addition Investigators must consider reasonable rdtive
explanations. Furthermore, they must provide known error rates and detection limits when
possible for judges. These factors inform the choice of analytical techniques to be used.
Traditional microbiology and culture is the current standard in @ini@gnostics, but it is not

always possible or practical to culture microbes in a forensic investig@amcil, 2014)

In every ecosystem the microbialplay an important role in the decomposition of organic
matter, however, there is no complete information about the functional activity of the microbial
communities associated with carrion, and little is known aboMidobial communities are
existing in al environments and they are usually the first organisms to respond to the physical
and chemical changes in the environme&fitrobial communities provide valuable information
about environmental changehe microbial F R P P X Q thahgé$ A% often a sighalanges

in the health and viability of the environment as a whbhe changes ithe cadaver microbial
community functional profiles during the decompositiprocessand the effects ofthe
environmental conditions, season and the presence of wseetexamined usingiolog
EcoPlatesUtilising 31 different carbon sources during tbadaverdecomposition process
(Pechakt al 2013a)
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The information about which microbial species may play a role in the decomposition process
is limited. There have been no comprehensive studies of the microbial ecology of human
decomposition. This could beofn the restrictions of classical microbiological methods and the
number of microbial species expected to be involved in the decomposition fiféadssson,

2009)

1.2.5.1Analysis of theMicrobial Communities Evolution

The evolution of the microbial communities on a dead body can be analysed from an ecological
point of view studying the carbon sources used by the different bacterial communities that
develop during the decomposition on andtlie body. This approach has been mainly
investigated using the EcoPlate.

EcoPlates were created with recommendations of microbial ecologists specifically for
community analysis and microbial ecological studies, to provide a sensitive and reliable index
of spatial and temporal environmental change in microbial commu(imog, 2012)

X Measure the metabolisaf 31 carbon sources per test.

x

Each tespanel tests in triplicate.

x

Simplecolourimetric readout.

x Readable with any microplate reader.

The other approach to study the microbiome is based on the DNA sequencing. DNA can be

used to identify the organism in what is called moleculantification.

Genomic DNA is extracted directly from dead or alive bacterial colonies grown under any
conditions. The 16S rRNA gene (for bacterial identifications) isli&iegb using universal
primers (Microbe Inotech Laboratories, 2009} may even be possible to use stored DNA
extracts from old or cold cases for microbial analyd@snschopet al 2012) Molecular
analysis is often used for studying bacterial phylogeny and taxonomy by using 16S rRNA gene
sequences fodentification and classification of microbes within complex biological mixture
samples.The 16S rRNA gene is a tremendously protected element of the transcriptional
machinery of all DNAbased life formgPatel, 2001)thusly it is the most targeted gene for
DNA sequencing in the complexregles containing a huge number of species. The ability to
design universal PCR primers, which conserve the regions of 16S gene, makes amplifying the
gene easier for a sample containing the variety of microorganisms. Conveniently, the 16S
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rRNA gene consis of both conserved and variable regions. Since the conserved regions
facilitate the universal amplifying, the variable regions sequencing discriminates between
different organisms like archaea and eukaryotic microorga(igmtzingerodeet al 1997)
Pyrosequencing used to describe the bacterial communities structure and identify the associated

taxa with community functional chang@echalet al 2013a)

1.2.52 Functional Characterisation of Microbial Communities

Referring to the related studies, BIOLOG Micrdpkwere basicallgptimisedfor performing

a high through output identification of the isolated bacteria through utilising the sole carbon
resource in the analysis, by the means of inoculating 95 singular carbon source additionally
with water as a referee control on the 96th watlate. The plates were screened in a specific
WLPH LQWHUYDO EHW ZH-hegulaiob GBiBg a pkgRoXiJiSofat&AR o Msult

of the substrates metabolism in each wérmazanwas producedwhich induce the cobur

shifting in the tetrazolium dyedence this methodprovides a metabolicfingerprint, which

might identify the individual speciedy observing thecolour alteration on each plate.
8QIRUWXQDWHO\ WKH SODWHTTV WHFK&dompréhehsive®&ts-dd L Q J
results that can be generalised, this is due to the limited uniformity of the bacteria and fungi
specious in reducing the tetrazolium dye which has introduced bias to this technique. The
BIOLOG Microplates are available in differergnge of types containing variable substrates,

for allowing the simple and direct comparig&restoAMafhamet al. 2002)

Functional diversity is the most imaggant pareneter for charactergion and exploitation of
microbial cultures. Depending upon the target use of the organism, they have been given
different names which indicate their major functions in nature or under defined conditions
(Ahmadet al 2011) Microorganisns areconsidered as the firgirganisms, wiah exhibit
physicochemical alterations in correspondence to the environmental interactions, hence, the
microbes, whichpresent virtually in the environment are the prime source of information
reflecting the positive and the negative environmental changgsH % LRORJ (FR3ODW
designed specifically for analysing the microbial community and for conducting the microbial
ecological studies. Originally, the invention of this system was started by the request of the
microbial ecologists' group, which they warsing WKH %LRORJ *1 OLFUR3ODWI
panel, which can provide sets of replicate t&stgland and Mills initially addressed the Biolog
Microplates for the microbial community analysis in 19%kcording to this study, the
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inoculation of a mixed cture of microorganisms in the Biolog GN Microplates system,
followed by timespecific measurements of fingerprints produced in corresponderite
microbial communities could assure and confirm the proposed characteristic of each scanned
communitiegGarland and Mills, 1991)

This technique, which named as the commu#gtyel physological profiling, has been
elucidated to be applicable aiming for spotting the-twvoensional temporal and spatial
changes in the microbial communitids. the ecological aspect, the Microplates has two
research functions which include providing an ekation of the normal population stability

and for detecting and evaluating the chargesedy the environmentalhangesThe Biolog

7KH %,2/2* (FR3ODWHVE FRQWDLQV .13). (Tabl B)@NicheanU ER Q
be utilised by microbial commmities depending on their metabolic abilities as growth sources.
The set of substrates were chosen similar to many nutrients found in natural environments so
that the microbial functional diversity can be evaluated. Each one of the 31 carbon sources is
present in triplicate in a 96 well plate. In addition, three blaeKs of water acting as a negative
control. Which is provide a representative approach to acting as surrogate metabolic signatures
for allowing the functional diversity of the evacuated comities. The triplet repetitions of

these 31 carbons assure accuracy by performing scientific replications of the resultant data
(Chojniak et al. 2015) The obtainedf metabolic fingerprint profiles, lich named as the
microbial community level physiological profiles (MCLPPSs), can act as a source of ecological
data upon temperature and genomic sequencing calibration which enable the prediction of the
duration needed to initiate and cplete the corpseetomposition The advantage of CLPP

over both classic cell culturing and molecular level RNA/DNA amplificabased techniques

is its relatively simple protocol and ease of (Weber and Legge, 2010)he communitylevel
physiological profile is assessed by the formation of purpleur occurring when the isala
microbes are able to use the specific carbon source contained in the well and begin to.respire it
The colour development is directly proportional to the metabolism of each carbon source so the
development of formazan can be followed over timiee @mmunity-level physiological
profiling (CLPP) is considered a functional indicator for the evaluation of microbial community
function as well as the functional diversity in the aguahd terrestrial environmentButton

et al 2016)
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FIGURE 1. Carbon Sources in EcoPlate

Figurel7. Carbon sources triplicate distribution in 96 wells Ecoplates BLBIG.

The reaction cascades of the microbial communities are subjected to a standard analytical
procedure through a specific time interval between two to five days. The pattern alterations
have undergone statistical analysis and comparison through seetsdftwareThePrincipal
Components Analysis (PCA) is considered the rdostinaat methodfor data analysis ahe
average well colour developmedata (AWCD); however, an alternative technique may
provide superior advantages. The observed alterafiagheofingerprint pattern can offer a
valuable source of data concerning the chaosgeased ouin the microbial ppulations diring

a specific time intervgButtonet al 2016)

The Biolog Microplates have been exposed to a set of comparisons against other approaches,
for instance, the phospholipid fatagid analysis devised for maoiing the ecological
alterations in the microbial communitie¥he Microplates featured with high sensitivity
towards environmental changes and particularly in more determinants changes in water and

surrounding temperatuf@/eber and Legge, 2010)
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Table6. The 31 individual carbon soucetilisation on the Biolog EcoPlate

Well Number
Al
B1
C1
D1
El
F1
Gl
H1
A2
B2
Cc2
D2
E2
F2
G2
H2
A3
B3
C3
D3
E3
F3
G3
H3
A4
B4
C4
D4
E4
F4
G4
H4

Carbon Source

Water

Pyruvicacid methyl ester

Tween 40

Tween 80
.-Cyclodextrin

Glycogen

D-Cellobiose
.-D-Lactose
-Methyl-D-glucoside

D-Xylose

i-Erythritol

D-Mannitol

N-Acetyl-D-glucosamine

D-Glucosaminic acid

Glucosel-phosphate

D, L- .-Glycerol phosphate

D-Galactonic acid -lactone

D-Galacturonic acid

2-Hydroxybenzoic acid

4-Hydroxybenzoic acid
-Hydroxybutyric acid

Itaconic acid
.-Ketobutyric acid

D-Malic acid

L-Arginine

L-Asparagine

L-Phenylalanine

L-Serine

L-Threonine

Glycyl-L-glutamic acid

Phenylethylamine

Putrescine
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Compound Group

Carbohydrates

Polymers

Polymers

Polymers

Polymers

Carbohydrges
Carbohydrates
Carbohydrates
Carbohydrates
Carbohydrates
Carbohydrates
Carbohydrates

Carboxylic and ketonic acids
Carbohydrates
Carbohydrates

Carboxylic and ketonic acids
Carboxylic and ketonic acids
Carboxylic and ketonic acids
Carboxylic and ketonic acids
Carboxylic and ketonic acids
Carboxylic and ketonic acids
Carboxylic and ketonic acids
Carboxylic and ketonic acids
Amino acids

Amino acids

Amino acids

Amino acids

Amino acids

Amino acids

Amines/amides

Amines/amides



1.2.6Microbial Community Molecular Analysis

Most of the microbial communities in nature have not been cultured in the laboratory.
Therefore, the primary source of information for these uncultured but viable organisms is their
biomoleculesincluding nucleic acids, lipidsand proteins. Culturemdependentucleic acid
approaches includanalyses of whole genomes or selected genes such as 16S and 18S rRNA
(ribosomal RNA) for prokaryotes and eukaryotes, respectiyagordingto the comparative
analyss of rRNA signaturescellular life has been classified into three primary domains: one

eukaryotic (Eukarya) and two prokaryotic (Bacteria and Arch@éajenholtz, 2002)

Over the last few decades, the microbial ecology field has seen great improvement and massive
development in molecular techniques in order to describe and chaestteylogenetiand
functional diversity of the microorganismshese techniques have been classified into two
major categories depending on their capability of revedhagnicrobial diversity structure and
function: (1) partial community analysis appches and (2) wholeommunity analysis
approachesThroughout the forensic history, the utilisation of the microbial communities,
responsible for the cadaver decomposition, for estimating thedpati elapsed time has been
ignored the difficulty in identifying each microbe associated with the decomposgimeferred

to thescientific lack of attentionlhe conventionalvay of the microbial culturing is associated

with the high selectivity and the elevated restrictiveness to a limited class and eontspoin

the miaobial communities. In additignthe other common microbial culturedependent
methodscan investigate the overall microbial communities, for instance, the microbial fatty
acid analysisis providing a limitedperceptionof the taxonomy of nerobial communities.
Consequently, the positive lab experimentation is only restricted to the microbes that can be
cultured, or forachievingthe purpose of identifying changes in the microbial community

structure wihout knowing the taxa involved

The importance of theisageof the microorganissas a physical evidence has been elevated,
as a result of the developmentaivel technologies and methods tban facilitate quantifying
and describing the generalise posirtem microorganism Recently, the Igh throughput
screening and the sequencing methodology can permiinttestigationof the microbial
communitiesthat present in thegeened samplesh& microorganism can now be collected
from the death scene and identifissedRNA genes, 16S and 18Srtaularly.

This specified microorganismman be classifiethto phylum and familylevel; however, it is
applicable to identify the microbial overall species with elevated availabilities, which can reach
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up to 97%. The progression in understandingftimetion and structure of microbesder the

context of the overall ecosystem, such as the identified human remains in nature, can be
furtherly investigated, manipulated, validated, and then positively exploited through the
forensic investigations. Predominantthe recent approach@3arling et al. 2014, Thomaset

al. 2012, Rastogi and Sani, 2011, Laichl 2015)utilisedin the microbial analysis are derived

from the metagenomics term context, which is definedeagehomic DNA sequencing directl

isolated from the environmenthis approach has been itemented routinely throughout a

wide range of applicationsRegardng WKH PLFURRUJDQLVPVY VWXGLHV
sequencing has been applied to several envirotahsrenarios, where the microbes have been
identified from the plants, animals, and every entity of natural or syntheticoament
throughout the globélhe analytical approach of the metagenomics sequencing has assisted in
focusonthe diversity of thenicrobes and their roles among the ecosystémttie beginning

exploiting the known culturing techniques, the utilisation of the metagenomidswitas only

to the area of providing the genomic informative data for the corresponding screened
microorganism. Following the scientific progression, the cost and the complexity of the
metagenomics sequencing have been reduited, has resulted in the rise of using this
analytical technique for exploring a broad range of microbial commurgtyardless of its
cultivability intrinsic feature. One of the significant features of the metagenomics sequencing
technique has been perceived from the applicability of sampling the orggemymedo an
approximately uniform environemtal condition. This impact sbtainHG ITURP WKH 3VKR
randomise sequencing methodhich is usedin the de novo genome sequencing of
individualisingmicroorganismsA random DNA shotgun sequence data, which is isolated from

the environmental collected sampleskesthe identification ofthe organisnpresentin the

sample igpossible additionally, their functiong-urthermorethroughimposing a comparison

based on the shotgun metagenomics obtained data across the tested samples, a larger range
issues can bsolved such ashe ecolog and the biogeographyn kddition, linking a specific
RUJDQLVP RU D IXQFWLRQ ZLWK WKH 3SPHWDGDWD” UHOHY
nutrient cycling ratesA furtheradvantage is the minimization of the inherent errors that can be
introduced during culturingncludingthe contamination, population, population bottlenecks,

and taxonomic biag'hus the metagenomics sequencing can be perceived as an extenuation of
WKH ULERVRPDO 51 GHHGEHH @FXHIMX UMHX U Y H \ality of tkd-hadeD HY D W
perception towards the microbial communities has provoked applying the metagenomics
approaches into the concerned researcher's fields, such as the agriculture, the law enforcement,
the biodefense, the ecology, the evolution, and thasing(Darling et al. 2014)
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Traditional microbiological techniqudasvolved in laboratory culturingsystems are highly
selective andimited to a small component of the microbial communities. Only 1% of bacteria
are actually cultivable. The inability to identidy detecthe microorganisms associated with a
specific environment had also a negatimpactonseverafieldssuch agorensic microbiology.
Historically importance of microorganisms has been ignaredecomposition ecology and
their application in estimating the time since the death of human rechaéntothe lack of
effectivetechniques and protocols. thelastyears, molecular techniques have been developed
andusedto study thenecrobiomen a qualitative and quantitativeay. These technologies have
enhanced the importance of microbes as physical evidéadaymicrobialcommunities can

be investigatednonitored, potentially modelled, validated and then used for forensic purposes.
Identification of the collected microorganisms from a death scene bythmghghput and
sequencing techniques is now possibelecular targets such as 16S and 18S RNA gdoes
bacteria and eukaryotes respectively, are commonly 0hdiedoorganisms can be typically
identified at phylum and family levelandthe identification of microbial species with a high
degree of reliability imlsopossible.The critical change in thikind of investigatiomas been
provided by the development of Next Gettiena Sequencing (NGS) method$ie analysis of

the microbiome for the forensic purpdsecome importarfor various research groups around
the world(Landet al 2015)

The mainpurposesf these studieare associated with thestimation of the time since death

30, WKH pPLFURELDO ILQJHUSULQWYT DQG WKH SRVVLELC
suspetor of the primary crime scene. In addition to research performed in the USA human
death facilites¢.g. 7T HQQHVVHH 8QLYHUVLW\ HERG\ IDUPY a®QLPDC(
alternativeto human adavers for this kind of stuqteussyet al. 2015)

However, any consideration wasver done before on the role of the fur ondeeomposition

process, insecand microorganisnsolonisation
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1.2.6.1Microbial Community Characterisation Using Bacterial 16S rRNA Gene

Utilising the 16S rRNA gene sequences in studying the bacterial phylogeny and taxonomy is
the most frequent haekeeping genetic marker for several reasons: Firstly, 16S rRNA gene
exists in all bacteria, as either a multigene family or operons. Secondly, its unchanging function
over time, thereby random sequence changes are a precise measurement of time (evolution)
Finally, its large sequence around 1,500 base pairs (bp) makes it suitable for informatics
resolution.The most attractive potential uses of 16S rRNA gene analysis are to provide genus
and species identification for isolates that do not fit any recagjiigehemical profiles, for
VWUDLQYVY JHQHUDWLQJ RQO\ D pORZ OLNHOLKRRGY RU
commercial systems. It is also used for taxa that are rarely associated with human infectious
diseasegJanda and Abbott, 2007Carl Richard was the firsesearcher to definenportant
properties of 16S rRNA gene. After observing its behaviour as a molecular chronometer and
noticed the conservation degree resulting from the importance b68&RNA as an essential
constituent of the cell functioespite many cellular enzymes whose mutation can be more
tolerated by the cells replacing them with other forms, 16S rRNA as part of the ribosomal
complex had to keep at a high degree of conservatioause of the impossibility to replace it
according to an evolutionary point of vieDespite that the precise rate of change in the
sequence of 16S rRNA gene is unknown, it is evident that it marks both the evolutionary

distance and the relatedness ofamigmg(Clarridge, 2004)

Thel6S rRNA gene sequence is about 1,550 bp long and is composed of both highly conserved
regions and nine hypervariable regions {¥A) that constitute the most informative portions

of the gene sequence for use taxonomic classification providing distinguishing and
statistically valid measurements. Universal primers are usually designed to be comigtgme

to the conserverkgions. Thisllows for the amplification and sequencing of the hypervariable
regions inorder to provide the taxonomic informatiorhe sequences in the database might
comprise a variety of length, however, 500 and 1500 bp are the most popular length for

sequencing and comparisPralde. 7) (Singh and Crippen, 201&larridge, 2004)

According to Human Microbiome Project Consortium (HMP), three to five variable regions
(V35) of the 16S rRNA gene were selected as the target for 4,879 samples. The sequence of the
V13 included aswvell asa subset of 2,971 samples agto get a complete picture of the

taxonomic profilegConsortium, 2012)The majority of the sample collection was targeted for
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16S sequencing using the Roetet FLX Titanium basedechnology, whichfurther and

precise information wilbe given in trs dissertation.

Table7. 16S rRNA gene PCR primemBifferent primers combination can be used in order to amplify specific
16S rRNA gene regions and sequencing them via.NGS

Covered = Region

Pyrosequencing PCR Primers . References
region Length
28 FW 5"TTTGATCNTGGCTCAG 3° Benbowet al 2014 Pechakt al 2014
. . V1-V3 &00 bp : .
519 RV 5 GTNTTACNGCGGCKGCTG 3 Crippenet al 2014 Singet al. 2014
357 FW 5’°CCTACGGGAGGCAGCAG 3 Canet al 2014
V3-V5 &70 bp
926 RV 5’ ACTRAAAMGAATTGACGG 3°
): N$*$*777*$7&07**&T7&%$* Hydeet al 2013 ; Hydeet al. 2014

V1-V8 a460 bp
59 N173$&&77* 7T7$&*$&77

The clinical investigations based on the 16S rRNA bacterial gene and 18S rRNA gene suggest

a shift in both the miabial taxonomic and the functional profiles or identifying a species that
was not appearing in healthy groups but present in the illness conditibits the roles played

by many of these microorganisms have yet to be identified, it is known that thepatento

the health and welbeing of their host by metabolising indigestible compounds, producing
essential vitamins, and preventing the groafiharmful bacteria. ie importance of healthy
microbiota and the association between human microbiome sedséis were shown in colon
cancer obesity and type |l diabetes (Find¢yal 2014). Findings of the HMP also reveal that
human bacterial community structure often displays only minor variability during an adult
lifespan. By the way, it does vary signifitly among individuals giving the possibility to use
microbes as a potential marof identificationnot only for human health purposes. One of the

innovative applications actually involvegémsic criminal investigations.

1.2.7SequencingT echnology

The recent developments in the sequencing methodologies opened the door for several

applications; such as population genetics based on the complete genomic seofuerveest
group of individualgTable 8) In addition sequencing of complete genomes fisamples with
a high level of contamination, for exampBNA samples of ancient human beings or other

speciesThe current SGS systems development is increasing without any pauses, the essential
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improvements were in 20frbm lllumina and SOLID platformsSGS is not commonly implied

in forensic genetics, although several studies highlight the arising opportunities. The lower
VHTXHQFLQJ FRVWYVY DQG WKH FRPSDFW HTXLSPHQWTYV IDF
genome sequencing easily for any samglee by any research group on a bench scale

instrumentgBerglundet al 2011)

Determining the DNA sequence is one of the most comprehensive methods of obtaining
information about the genome of any figi organism. By utilising the fluorescence labelling

of terminating nucleotides and electrophoresis, Sanger has been considered the best standard
sequencing methodh fact, Sanger early impact ithe microbial genomic field was the novel
complete bacteridHaemophilus influenzim 1995.

In terms of applications, there are two major types of projects, de novo sequencing, and
resequencing. The de novo sequencing is for the sequencing of orggmsemefor the first

time. Whereas, resequencing requires ailavlie sequence reference for the genome or parts

of it. The difference between the two applications should be considered when choosing
sequencing strategy. The resequencing approach is widely used in human forensics and
population genetics, while both devo sequencing and resequencing are required in microbial
forensicygBerglundet al. 2011)

1.2.7.1SecondGeneration of SequencingTechnologies

Commonly, there are three major SGS systems used my fa@oratoriesthe first one is
Genome Sequencer from 454 Life Sciences (Branford, CT, USA) (acquired by Roche in 2005)
Dr James D. Watsosuccessfullysequenced a complete human genome for the first time using
this sequencer. The second systerthes Gamome Analyser (launched in 2006), which was
firstly designed by Solexa and enhanced by lllumina (San Diego, CA, USA). The third system
is the SOLID system (launched in 2007), which was conceived by ApBiaslystemsavhich

is part of Life Technologies (Clabad, CA, USA). The three systems share the same steps of
sequencing; preparing and amplifying of template DNA, distributing the templates on a solid
support, sequencing and imaging, base callinglityucontrol and data analys{&ig. 18)
(Berglundet al. 2011, Heather and Chain, 2016)
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Figure18. The common steps between all the SGS technigreedravn in black arrows, whereas steps of
illumine system are in blue arrows and the Roche 454 and SOLID systemgliteagker and Chain, 2016

1.2.7.2Next Generation Sequencing (NGS)

The fast development and wide applications of the -gereration sequencing (NGS)
technologies, genomic sequenioformation became within reach to be used in some fields.
SOLiD/lon Torrent PGM typically represents NGS systems from Life Sciences, Genome
Analyser/HiSeq 2000/MiSeq from lllumina, and GS FLX Titanium/GS Junior from Roche.
Beijing Genomics Institute (BG ZKLFK SRVVHVVHV WKH ZRUOG(YV ELJ
has multiple NGS systems including 137 HiSeq 2000, 27 SOLID, one lon Torrent PGM, one
MiSeq, and one 454 sequencif@uermans and Den Dunnen, 2014)

The MaxamGilbert and Sanger sequencing are comprehensively understood as the first
generation sequencing. Recently, the newly evolved sequeagiproaches have found a
foothold among the old strategies, thusly, named as the next generation sequencing (NGS)

approachegFig. 19). The main key merit of NGS approach is the capability of producing high
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throughputs of numerous sequencing simultango@ginsequently, the microbial taxa can be
identified by exploiting the resultant sequencing, these microbial taxa including the
uncultivable organisms and those exist in small numdrs.NGS possess tlwapabilityto
providean optimum storage capacfty all of the microbial operons and genes expressed under
variableanalytical conditions through specific range o&pplicationgNikolaki and Tsiamis,

2013) The microbial ecology has been revolutionising through smmpthe NGSpproaches

and recentlexploited for screening several ecosystelhsteover, the NGS approaches have
eased the initiation of more optimisation and the introductiomes high throughpus
technologies, such as the metagenomics, the genothestranscriptomics, and the met
transcriptomicsln comparison to the basic cultdrelependent approaches, the NGS strategies
are capable of conducting a comprehensive anabysasiumerous numbesf the sequenced
nucleic acid, allowing the complete deption and demonstration of the ecosystems microbial
constituents. Theseew techniques can be implemented in two distinct ways, the shotgun
sequencing, which is the overall microbial nucleic acids sequencing, and the targeted
sequencing, concerned iretigenespecific sequencing. In regards to the targeted sequencing
pathway, the polymerase chain reaction (PCR) has been utilised in amplifying segments of the
conserved DNA or cDNA sequences with éxploitmentof universal primersConcerning the
phylogenetic compositiona massive generation of information can be obtained as a result of
Shotgun sequencirgpproach, aiding the provision of firm concepts in regards to the numbers

of potential genes functions within the communities

Under the platform oNGS, the generation of a vagtnomescale datasetan be obtained as a
result of performing relevartechnologies However, minorsubstantial differencesan be
expressed associated wéhgineering, chemical sequencing, accuracy;effsttiveness, and

theoutput, including thsequence@umber and the read length.

Furthermoremore examples of the third generation approach has been effectively listed, such
as theheliscopesingle molecule sequenciipe DNA nanoball sequencingequencing of the
Nangore DNA, tunnelling current DNA sequencingmicroscopic techniquesand
spectrometribased mass sequencirage all exposed to the expected ongoing revolution and

developmen{Buermans and Den Dunnen, 2014, Nikolaki and Tsiamis, 2013)
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Figure19. Next Generation Sequencing method (N@8)ermans and Den Dunnen, 2014)

1.2.7.3The Roche 454 Pyrosequencing

The first array ofthe 454pyrosequencingystem, constructed by Roche in 2004, was the
initiative core of the new ear of the NGBiroughimplementing this approach, douldgande

DNA fragments are linked to a specialised adagiimted and occupiednto small beads, @n
molecule per bead. The ligated DNA is cloned through PCR into millions of copies exploiting
different primers such as the biotinylated in the oil/water emulsitve storage of the
formulated beads has been accomplished in sepacatitgrsize wells, for the allowances of

the nonbiotinylated strands to be denatured and washed away. The structure of the plate array
is composed of around one million wells, and independent type of reactions, which can result
in sequencing, which caneparately occur within each well. Post primer addition the
pyrosequencing reaction has complebgdhe DNA synthesis exploiting the singdé&randed

DNA molecules as kadingtemplate. Sequencing of the reaction is monitored by a detecting
light, which isgenerated through luciferaseediated conversion of luciferin to oxyluciferin

upon primer extension. Currently, the 454 pyrosequencing can provide reads which are longer
than 1000 bp, along with a high sequence output, arounchegabaséVb) in the casef the
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454 GS FLX+ system. Thdefined drawback®f the 454 platform, ighe homopolymer
stretching complexity in sequencing and the higher cost pefBdiglundet al. 2011, Liu et
al. 2012, Quincest al 2009)

1.2.7.4Pyrosequencing

Pyrosequencing typd sequencing is generated based on the sequebgiagnthesigheory;

it is considered as the first substitution to the classic Sanger technique the Novo DNA
sequencinglt depends on the pyrophosphate lunmatric detection, whichhas liberated

during the primedirected DNA polymeraseeaction, whichis facilitated by the nucleotide
involvement. The Pyrosequencing technique has built on the theory of sequapsyrghesis
fundamentals and based on theaséxl detection of the Pyrophosphate (PPi) through the DNA
synthesis. It can recruit four enzymes series in order to accuracy impose the nucleic acid
detection sequencing throughout the synthesis. In particular, during the pyrosequencing, the
sequencing pmer is hybridisedto a singlestranded DNA following the biotin labelled
template. Thigs treated with several enzymes such as DNA polymerase, ATP sulfurylase,
OXFLIHUDVH DS\UDVH WKH VXEVWUDWHY DGHQRVLQH ¢
deoxynucleotide triphosphates (ANTPs) cycles are introduced to the parts of the reaction
medium in replicates. The cascades are triggered along with the initiation of the nucleic acid
polymerization reaction in which an inorganic Pyrophospligf) is liberated as a yield
product of the nucleotide incorporated through the polymehadact, eactevent involving

the incorporation of the nucleotide is leading to the liberation d?Bign a quantity equivalent

to the incorporated nucleotide. Consideralthe liberatedPPiis exposed to a quantitative
conversion to ATP under the effect of the sulfurylase and the presence ¢AARSdianet

al. 2006, Fakruddiret al. 2012)

The generated ATP is able to facilitate theiferin (luciferasemediated) transforming into
oxyluciferin, which in turn helps the emission of visible light (of S&hometer wavelength)

with correlated intensity to the amount of ATPs. Then, the emitted light can be detected and
measured photon detection desgisuch as the A Charge Coupled Device (CCD) camera or the
photomultiplier. The Apyrase is considered as a nucleategaling enzyme which can
persistently degrade the ATP and the4nmorporated dNTPs in the reaction media. Usually,
the time intervabetween each nucleotide neglected is 65 seconds, which facilitate an optimum
degrading proces3he dNTP addition is implanted once dirae since the added nucleotide
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is well known; therefore, the sequencing of the template can be determined. Thopgtoth

gram the generated light has been observed as a peak signal, in correspondence to the
electropherogram in dideoxy sequencing, and proportional to the number of the incorporated
nucleotides, accordingly, triple dGTP incorporation can produce é&e thphher peak.
Throughout the synthesis cascades, the DNA strand is extended by the integral nucleotides, and
then the DNA sequence is demonstrated by the p08. The stranded pyrosequencing is utilising
the Klenow fragrent of Escherichia coli DNA P¢Fakruddinet al 2012)

The sequencing is initially started with the nitrogen base located near to the annealed primer,
which can facilitate the flexibldesign ofthe methodology. Sampling and preparing the single
strand DNA process is considered as a fast operation, needs around 15 minutes approximately.
For the Sanger sequencing, the sample preparation usually performed in 4 hours, namely; PCR
cleaning up takes af@inutes, cyclic amplification takes abou#tdours and about 15 minutes

for cleaning up the dye. The sequencing of short stretches of DNA costs relatively less than the
currently available methods'he pyrosequencing technique has numerous key merits in
comparison to the other DNA sequencing technologies. As an example of these advantages, the
order of the dispensed nucleotide can simply be organised and modificationpynctiggam

scheme can reveal mutations, removal, and insertion. Furthermoreyphoseh is conducted

in the realtime, for each sample, the nucleotide incorporations and the base callings can all be
observed persistently. Additionally, the Pyrosequencing strategy can be implanted in

automation for the large scaling screenfRgkruddin and Chowdhury, 2012)

The Pyrosequencing approach can allow the profound exploring of the living microbiome
incubated normally in the humans, and providing a demonstration that the human can hold a
high degree of taxon variability and richness. For instance, the microbial samples
pyrosequencing, which has been collected from several body regions, around 27 parts such as
the forehead, the foot sole, the oral cavity and the gut, resulting in producing 4949 species
grades phylotypes out of an overall of 250000 16S rRNA sequéPeelkaket al. 2013b)

1.2.7.5The lllumina Platform

In this method, prime with specific adaptor integral to those presented in the DNA are
connected to the primers through the slide building a bridge like struafteethe sequencing
processcomplementary primers for impesadaptation during the synthesmopreovey four

kinds of reversibly blocked terminating nucleotid€sT (nucleotidey Thereafter, the nen
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incorporated RT nucleotides are washed away, chemical displacement of the pigment and the
WHUPLQDO Y EORFNHU IURP WKH '1$ ZKL F&dEhe @Gitiod WKH
of the next sequencing cycléontrariwise, an extra nucleotide is added to the DNA chains in

the pyrosequencing for an extra nucleotide at a time.

The technology is requiring tlexploitmentof the DNA polymerase as an opposed totipid,
expensive enzymes are required to be available to perform these strategies. Furthermore, a delay
in accruing images caronsideras associated consequences of the nucleotide incorporation,
which might be a consecutive result of the presence ofge larray of DNA groups to be
demonstrated in the sequential images when utilised a single camera. Recently, the Illlumina
approach is capable of producing standard reads e8a8mp; this can be elevated to 3800

ES E\ XVLQ-HESIDLVYHTGXH erdé qf IhecedamékDNA cluster. The major prime
feature of this new technology is the relatoasteffectivenes®f the high output sequencing

per run (up to 3000 Mb for the HiSe@3euteret al 2015, Sinclaiet al 2015)

Table8. Comparison of sequencing techniquganger sequencing to Roche 454 GS FLX, Illumina MiSeq, and
lon Torrent Personal Genome Machine (PMG) platforms adggteéédnd Arikan, 2016, Goodwiet al. 2016)

Methodology = SangerChain = Roche 454 GS lllumina MiSeq @ lon Torrent PGM (318

termination FLX Sequence by chip)
Pyrosequencing Synthesis lon semiconductr
sequencing
Accuracy 99.9 % 99.9 % 99.9 % 98.3 %
Read length y1,000 bp 700 bp 2.1-:2.4 Gb 600Mb-1Gb
Reads per run 1 1 million 14-16 million 4- 5.5 million
Runtime Upto3h 23 h 17 h 4 h
US $/1 million $2,400 $9.50 $200300 $450800
bases
Error profile 1% 1% 1%
Advantages Long Long read size  High sequence  High sequence yield.
individual Relatively fast. yield. Relatively fast.
reads.
Disadvantages Unfeasible and Expensive. Equipment can be Homopolymer errors.
very expensive Homopolymer @ very expensive.
for larger errors. Requires high
microbial concentréons of
diversity DNA.

determination.
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1.3 Aims

The documentation of the crime scene is one of the most important aspects of any crime scene
investigation. The documentation process provides the accurate record of the evidence found at
the scene and all tlwbservations of the scene itself at the time of discovery by using more than

one method of documentation: like notes, photographs and sketches.

The quality of the scene documentation is an essential and extremely valuable aspect of the

entire investigabn and care must be exercised to procure the best documents and photographs.

Occasionally, the crime scene photographer may have to work quickly, due to the circumstance
of crime, weather, or oncoming darkness. Thus, the inaccurate documentation cém lead
inadmissible evidence in a court of law or missed evidence that may allow a guilty party to get

away with a crime against persons or property.

Threedimensional documentation of the crime scene is believed to be an effective means to
provide a deeper aerstanding of the details of the crime and to improve the quality of the
crime scene investigations. Especially for communicating complicated scenarios to the jury and
keep clearer descriptions and detail. In addition, 3D crime scene reconstructiotinsa\asd

money by eliminating further site visits.

At the moment, there is a lack of a tool able to integrate from a visual point of view the cadaver
transformation with all the biological organism responsible for the transformation (e.g. Bacteria
and Insets). This tool would provide a further level of knowledge to understand the body

transformations, but as well to reconstruct the body decomposition. In order to try developing

this tool, we operate in two phases.

Therefore, the aim of the first part oighresearch was to explore the use of mod@racost
technologies to provide a forensic tool for the 3D documentation of crime scene. This method
would deliver a high quality and cesffective technique to create accurate records afrihee

scene in tree dimensions, measuremeatsild be taken fronthe 3D model using Autodesk

123Dcatch software as a relatively cheap and ¢asise.

One of the most difficult elements of a crime scene to be documented is the cadaver and its
transformation during the demposition process. The possibility of linking the parameters and

elements that affect the body transformation with a specific case is fundamental both in the
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investigative and trial phases. In the last one, the possibility to present the decompasitisn ev

in an effective way can play a very important role in the judgement process.

Among the factors affecting the cadaver decomposition, the microbiome plays a critical role

contributing to the transformation of it in energy and nutrient for the ecosystem

Several studies have been performed in the last years on this topic especially in the United State.
Humans and animals (mice, rats and pig, etc.) were used to follow the microbe variations on
the body during the time. In this research, rabbits wereasadnodel foeconomical spatial

and ethical reasons. However, this maaliws forfurther investigations.

To date, there is a lack in the literature about the effect of fur on the functional activity of
epinecrotic microbial communities associatedhwaarrion and on the taxonomy of bacterial
FRPPXQLWLHVY FKDQJLQJ GXULQJ WKH GHFRPSRVLWLRQ V

Therefore, the aim of the second part of the research was to investigate the microbial
communities associated with exposed decomposing rabbit carcasses amsgs® whether
changes in this community have the potential to be used in the estimating of a time since death
in forensic investigations. In addition, to use the characterization of the microbial communities
developed on decomposing carrion in order tiovjgle a geographic and seasonal microbial
database as a forensic tool. Moreover, to study the effect of fur on the decomposition process
and on the insect and microbial colonisatibarthermore, data obtained in this work can be

applied not only on cringagainst people but also on the Forensic Veterinary field.
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2. Materials and Methods

2.1 3D Crime SceneReconstruction Experimental Setup

In order to obtain good quality pictures and to validate 3D reconstruction methddsn

D3100 digital camera wassed in auto mode during the acquisit(®ing. 20, Table 9). To

create a 3D model out of an object using 123D Caoftware a computer withthe

specificationsreportedin table 10 was used123D Catch software can assemble up to 70

individual photosmnto one 3D model.

Differentobjedswere used for this study. Objects wilifferent shapg sizes, and colouswere

usedto evaluate howhe softwaravorksunderdifferent conditions. The size of the objects was

<50 cm for small scenes and >50cm for lasgenesPictures were collecteat outdoorand

indoorconditions.

Table9. Nikon D3100 camera specifications

Full model name

Resolution
Sensor size

Kit Lens

Viewfinder
Native 1SO
Extended ISO
Shutter

Max Aperture
Dimensions

Weight

Manufacturer
Full specs

Nikon D3100

14.20 Megapixels
APSC

(23.1mm x 15.4mm)
3.00 x zoom
18-55mm

(27-83mm eq.)
Optical / LCD

100- 3200

100- 12,800
1/4000- 30 seconds
3.5 (kit lens)
49x3.8x29in.
(125 x 97 x 74 mm)
27.4 0z (777 Q)
includes battries, kit lens
Nikon

Nikon D3100
specifications
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http://www.imaging-resource.com/PRODS/D3100/D3100DAT.HTM
http://www.imaging-resource.com/PRODS/D3100/D3100DAT.HTM

Table10. Minimum and recommended hardware and software specifications for Windows platforms

System component Recommended
CPU speed 2 GHz
Main memory (RAM) 4 GB
Virtual memory 4 GB
Web browser Internet Explorer
Video viewer Adobe Flash Player
Disk space Atleasl1.0+2.0 GB free disk space fc
installation

Operating System Windows 7 (64bit edition)

Autodesk 123D Catch is a free service offered by Autodesk that uses cloud computing for the
reconstruction of 3D objects from digital images (Chandiet Fryer, 2013) the software is

available for downloaded fromww.123dapp.com/catctAutodesk 123D Catch is an App for

Android and Windows operating systems. Photos taken from different angles and posgtions a
combined in order to virtualize an object. Photos should shoot in a circular ring from another
angle that is at least 50 degrees lower or higher than the previous circular ring. The management
of data is made through a standalone software applicatstalled on the PC ahroughan

online service. This application allows uploading images, downloading the results, and
exporting the redtiusing several 3D formats (DWGBX, OBJ, IPM, LAS). Theresultof the
reconstruction process can be achieved inetitfiéferent resolutions: mobile (fast medium
resolution mesh), standard (higesolution texture mesh) and maximum (very higmsity

mesh).

2.1.1Methodological Approach

The basic idea behind Autodesk 123D Catch is that by taking a series of phatoslgéct

from different positions and angles, 3D modelling software located in the cloud identifies
unique points on the surface of the object. The software uses photogrammetry to reconstruct
the relative pasons from which the pho®were taken, anddm the information thatvas
obtained.Also, to triangulate measurements within 3D space by finding common points of

referene amongst a series of phstof the objecfAutodesk, 2012, Butnariet al. 2013).
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The softwaregenerates a 3D mesh of points for thigect from the images to create a
photorealistic rendering of the model in 3D, which can then be manipulated in a computer
graphics program like AutoCAD @DS Max The model can be exported in@BJ or IPM
format to be used with CAD software, Maya or Autodesk 123D for further asadysi

measurement if requirdVenkatestet al 2012)

2.1.1.1Creating a New M odel

To create a 3D model out thfeobject Autodesk 123D Catch software was downloaded on the
computerhowever as well the onlingervice can be useAutodesk 123D Catch application
requires mternet access to connect to the Autodeskes andstartup Once the application is
started, it can be created a new model by clickingoreate a new photo scenieon on the

main face of the application.

Stepl: photos shooting and collection

Autodesk 123DCatch requires 2680 phot®, should béaken from various angles, to create a
3D model ofthe object. A digital cameridikon D3100wasused totake the photographs. All
photcs were taken in Auto modealkingaround the objedb take phats at all possible angles.
Special carewastaken to ensgre good eposure and good focus depending on liglkting
conditions The pictures were taken randomly from any angle to obtain a full capture of the
object surfaces, but it should be ensured to get adeguatiap between adjacent pho{é.

21).

Thefollowing attentionsverepaidto the photos collectian

x Picturescapturedall sides of the target object, both all the way around and top and
bottom.

X The object did not move during capture, and lighting reedgonsistent.

X The target object was taken wvmost of the frame by getting close to the object or
zooming in.

x Consistent diffuse lighting all around the object was prepared.

X The accurate focus was important to remove any out of focus shots.

X Measuring lhe dstance from the object during the captur@lodtos was not necessary

x Photos were stored in aesgpfic folder with a label.
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Figure21. Autodesk 123D Catch softwaaed a collection of photassed to create a 3D modeltboe skull.

Step 2: Create photo scene irBD2Catch(Fig. 22)

The images were imported onto to the desktop application without any need of manually
calibrating or tagging the images with each other. This is one of the biggest advantages of the
123D Catch when comparesith other modelling softwargvhich they require the use of

manual calibration or another method to determine the camera orientation and position.
The software computed the images and ugdatiem to the Autodesk server.

x Photos were uploaded to the 123D Catch software, to createaguene.
x A 123D Catch applicatiowasopened and creates a new photo scene as it used new
capture tool, and then images file selected.

X The scene loading took some timepagximately 15 to 20 minutes.
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Figure22. Exampleof submisson of the photos to the 123D Catch service, to create a photo scene.

Step 3:.Download, reviewand clean uphescengFig. 23)

When the model was finished, it came straight away on the main face of the softwanesent
better of 3D model ahe scensome elements were erased by selecting them with the lasso or
square tools. The 3D model that was obtained can rotate, viewed and analysed from any side.

; RRNR e oI 2w o e =
G
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Figure23. Downloading and 3D presentation of the reconstaiobject

2.1.2Validation Method

It is essential that the precision and accuracy of 3D models reconstructgdutidesk 123D
Catch isevaluatedf those models are going to be used in any practical applications especially

in theforensiccontext(Boisvertet al. 2013)

In orde to use the proposed methimdthe forensic context, it is essealtto make sure of the
quality of the reconstruction methéallowed. Additionally, measurinthe 3D errorbetween
therealand theobtainedmeasurementsndhow the errorsnight affect the quality of the 3D

reconstructed models.
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The Autodesk 123D &ichis a highquality software thagllows the creationof models in
different conditions,and it allows measuring them within a few minutes. To evaluate the
accuracy of the reconstttedmodesk, significant experiments/ererun out to investigat the
validity of the software.

The first experiments wengeiformedto identify theminimum number of photos needed for
good and complete model start with 5,10,15,20 and 30 phdtbex was used aa standard
object with the straight egs.

Another experiment was germed to evaluate the accuracy of the models, which is
reconstructed by the 123D Catch, serving the purposes of investigating the suitability of the
already specified numbers of photos in the previous experiment with different objects under
investigationcore. In addition, the possibility to collect accurate measurements directly from
the 3D recastruction models was explorethe experiment was run and a skull was selected

to be reconstructed and three areas on the skull were identified to be measute@t{ivand

nose bone)lhe measurements of these areas were taken and compared with the real dimensions

to investigate the error rate and the validity of the software 82ig

Furthermore, significant experiments were performed specifically for swd#l scenes <50

cm and largescale scenes >50 cm. The measurements of the objectives at the scene and the
distances between specific points were taken to compute the difference between the same
measurements on the models obtained using 123D Catch softweediines. All objects had

a different shape, size, and colouet@luate how the method wonksderdifferent conditions.

In addition, the experiments were performed outdoor and indoor in the University crime scene
facility. After this step was positely performed, the difference between real measurements
and estimated measurements from the 3D models were statistically evaluate@9F&f3),

(Tade. 30).

2.1.3Comparison with other Software Packages

The validation was performed by comparing ther@bdel of a skull; generated using 123D
Catch to the model of the same skull generated using: 1) Agisoft Photoscan; and 2) Photosynth.
The comparison to Agisoft Photoscamd Photosynth survey methodology were selected, as
they are both standalone applioatsoftware and widely accepted in the field of reconstruction.

The comparison took into account the level of accuracy and the processing time. Experiments
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were performed on four datasetack dataset is a sequence of (10, 20, 35, and 50) images of
the @ame object (skull) captured using digital Nikon D3100 camera. The geometry of this object

allows evaluating the quality of reconstructing at surfaces and angles.

Photosynth

Photosynth Technology Preview released by Microsoft Live Labs, is s&rglre,whichis
accessible through a Windows Live account on the Photosynth website

https://photosynth.en.softonic.catb/requires the installation of an application to allow the

uploading of the images to tilserver. Photosynth enables to create two kinds of 3D products:
panoramas and synths. The former stitch a set of images together taken from the same point to
create a seamlessly panoramic picture. The latter creates a view that allows browsing from
photo b another photo by using a set of overlapping images. However, it is also able to create
a point cloud of the object. The images exterior orientation parameters and the point cloud can
be exported through Synth Export applications (http://synthexport.leodepm) in different
formats(Brutto and Meli, 2012)Photosynths a photo visualisation tool that uses the same

underlying data (camera positions andnp®)j(Snavelyet al 2008)
There are different steps to create a new 3D modblRibtosynth software

x After installing thePhotosynthsoftware and logged into Photosynth click the "Upload"
button up top and then the "Create Syrthtton on the next page.

x Drag the photos into the Photosynth window, andbsb@ name your new Photosynth.

x Click "Synth" in the bottom right corner, which may take a long time

x Export results and save.
Minimum hardware specificationequirement$or Phobsynth

x 1.4 GHz 64bit processor

X Windows XP or later

x 512 MB of RAM

x Storagedisk space requiremeri32 GB
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Agisoft PhotoScan

Agisoft PhotoScan is low-cost commercial 3Deconstruction software frorAgisoft LLC

(www.agisoft.r). The software is based on Multiview 3D Reconstructemhnology, which

automatically builds precise textured 3D models using digital photos. The model can be
exported for editing in external software. PhotoScan can be purchased for $SD78sla
standard edition (loveost) or as a professional version for $ 3,499 USD. All the processes can
be performedht different levels of accuracy and many parameters can be set to improve the
final result(Brutto and Meli, 2012)Furthermore, this software is executable under Windows
operating systemd hus,all data remains with the user on the local personal computer, where
this software can be operatéthr the computation of large projects (100 images and more) a
64bit operating system with at least 6 GB RAM is recommeijdgiboft, 2012, Kersten and
Lindstaedt, 2012)

Processing oimages with PhotoScan includes the following main steps:

X Load photos into PhotoScan,;

X Inspect loaded images, removing unnecessary images;
x Align photos;

X Build dense point cloud;

X Build mesh;

x Generate texture;

x Export resultsn adifferent format

The listin table 11representsheall thesystem requirements and recommended configuration
needed for theonstruction of a textured 3D model from phogagisoft, 2014).

Table11. Minimum and recommended hardware specificatfon#\gisoft PhotoScan

Minimum configuration Recommended configuration

Windows XP or later (32 or 64 bit} Windows XP or later (64 bit),
Mac OS X Snow Leopard or later, Mac OS X Snow Leopard or

Debian / Ubuntu (64 bit). later, Debian / Ubuntu (64 bit)
Intel Core 2 Duo processor or Intel Core i7 processor
equivalent.

2GB of RAM. 12GB of RAM
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2.1.4Statistical Analysis

Statistical analysis was performed usiBiyl SPSS 22 software. Correlation aineéquency of
the number of occurrences of repeating the measemtswere analysed in groupof 20 cm
e.g. (620), (2040)for the total, and in groups of 5 cm for the small scer®) ((5-10). For the
large scene was in groups of 15 crl@), (15-30) (Figs. 35-38), (Appendix, Table 52).
Descriptive statistics va been performed for all the samptdssteredas a general, small and
large (Table 30). Intraclass Correlation Coefficient between the real and obtained
measuremesf the skull wasalculated Table 29). In additionjnearregression was used to
analse the observed and reconstructed measurements of different models (F¢s B9
addition the reliability of measurements was used to analyse the measurements ¢btased
timesone of thenwasobtainedby another operator (S.Vanin) (F&R).
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2.2 Carrion DecompositionExperimental Setup

The aim of these experiments was to document the carrion decomposition, focusing on the
morphological transformations with a 3D reconstructargon the insect colonization and the
bacterial communitieassociedd with WKH FDUULRQ 6L[ UDEELWYV FDUFD
three without fur (NF) were exposed and their decomposition was studied in 2014 and in 2015
(Fig. 26). This allowed the comparison of the results between seasons and the evaluation of the
effect of the fur on the decomposition proce3fie reconstruction of all the stages of

decomposition using a new 3D reconstruction method was used to document the experiments.

2.2.1Site Description and Experimental Design

5 D E Edakidh\decompositiowas studied in Huddersfield, West Yorkshire, United Kingdom
f 1 79f1 9 19: &DUFDVHV ZHUH VDPSOHG GXULQJ W
June 2014 until 27 October 2014, aptingseason from 18 March 2015 until 15 July 2015.

The location wasa suitable site identified within the Universityldfiddersfieldon the roof of

the School of Applied Scienced-ig. 24). This site was with special entrance &ece m two

sides. This site allows following the transformation of six carcasses locatddeirsame
environment and to allowing exposed to the same condition because the aims of this experiment
were mainly the possibility to reconstruct and follow the decomposition. For this reason, a
reduction of the variables, (e.g. sand instead of soiltiplaex instead of an open field, and

the effect of the location (roof instead of ground) did not affect the projedioratory work

was performed at the University of Huddersfield, except the sequencing samplssanaly

In each yearexperiment 2014 ad 2019, rabbit carcases ranging from 2.20 ta2@.kg
(Tades12, 13), were purchased from a pet food compan{Kiezebrink

https://www.kiezebrink.co.uk/category4dbbit). Because animalsvere sold for animal

consumptionno ethical aproval was requiredCarcases were transported to the fiedthg
special delivery Carcasewererandomlyplaced at a minimum of 7m between each other (Fig
25). Furwas removed using a specific animal hammer (WAHL, 870/679). Eachrabbit

was placed in a plastic bd¥0cm length, 25cm height, and 40cm widtith lid. Boxes
contained holes along the sides to allow insects and air to entry normally, and to prevent
disturbance by large vertebratmagenges. Small holes were created on the bottom side of the

box to allow water to leak out. All carcases were placed on a 4cnf bexho and sterile sand
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purchased froma children toys shopCarcased®oxeswerenumbered andoveedby the boxes
lids to protectthe specimens from the direct rdfig. 25).

Figure24. Experiments location. University of Huddersfield (UK) and placement of carcases in plastic boxes to
start decomposing at day zefoutside of the location was capdd in the photograph

O
~

Box 4 ﬁ

Box 3

éBoxS Box2ﬁ

[]
\
Box 6 ﬁ' L Box1

Figure25. The position of the carcases at the location for the duration of the reg&airohls in oxes 1, 3 and
5 wererabbits without fur (NF), boxes 2, 4 andv@rerabbits with fur (F)
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Figure26. Example of abbits with and without fuwereexposed at day 0 in summer 2014 and spring 201

Tablel2. Starting weight of rabbits, Exp.2014+  Table13. Stating weight of rabbits, Exp-2015

Average (2.34kg) Average (3.18kg)
Weight (Kg) Carcass Weight (KQg) Carcass
BOX1 2.40 with fur (F) BOX1 3.10 with fur (F)
BOX2 2.60 without fur (NF) BOX2 3.45 without fur (NF)
BOX3 2.15 with fur (F) BOX3 2.75 with fur (F)
BOX4 1.95 without fur (NF) BOX4 3.50 without fur (NF)
BOX5 2.60 with fur (F) BOX5 2.85 with fur (F)
BOX6 2.35 without fur (NF) BOX6 3.45 without fur (NF)

2.2.2 MeteorologicalData Collection

Data loggers (DS1922L iButton® temperature logger frashMeasurement System Ltd) were
LQVHUWHG LQWR WKH UDEELWYV PRXWK LQ R&absokidledV R UH
over the period of the experimentone hourintervals.Whereas, mvironmental temperature

was obtained from theneteorologial weather stations placed on teameroof of the
experiment Temperature data were later converted into the Accumulated Degree Dayy (ADD
appendix2 (Tables. 55, 56). Thermal summation models were used with a base temperature of

0 °C, which accounts faemperature variation over decomposit{pfegyesiet al 2005) This

measure is commonly used in forensic applications when extrapolations are made from
experimental (i.e., lab) to field data of carrion under different or highly Jarititermal
environmental conditiongechalet al 2013a)
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2.2.3 WeightRecord

Digital scale(LAGUTE Digital Luggage Scajeand metal net with the handieas used to
measure the loss of weight during the decomposition pr@Ees27). The scale was calibrated

using a bottle of water of known weight. Weight was recorded daily during gtevigek of

each experiment and twice for the second week, then once a week until the final stage of the
decompositbn which was the end of Octol#614(Experimentl) and Jne20105(Experiment

2) Appendix2 (Tables. 53, 54).

Figure27. Carrion weight recorded daily during the first week of the experiment and twice for the second week
then once a week until the final stage of the decomposition processaubgital scale

2.2.4 DecompositiorProcessM onitoring

TodocumenttheGHFRPSRVLWLRQ VW D JH VtoRecoddih& dhange¥ fiver inéU L R Q
pictures for allcarrionsover decomposition process were taken daily durieditst week of
the experiments. Aen three times a week for two weeks, and once a weekldog time to
check other possible changes, using Nikon D3100 digital camera, in adtbtissingthese

picturesto reconstruct B models for carrion decomposition stages.
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2.2.5 EntomologicalAnalysis

2.2.5.1 Collection andPreparation Entomological Samples

, QVHFWY GHYHORSHG RQ UDEELWVY FDUFDVHV ZHUH FRC(
summer season, and between March and June 2015 for the spring season. Flies larvae and pupas
samples were collected daily during the first week of the expatinrand then three days a

week for second and third weeks; then twice a week for the fourth week then once a week, until
the last stage of decomposition. Eggs samples were collected using a wet paintbrush. Eggs were
then killed and preserved in -B%% etlanol and placed in small vials labelled with the name

and datalLarvaesamples were collected by tweezers, spoon and paintbrush depending on their

number and size.

All larvae samples were killed in hot water not boiling water (about 80C®); after immévsion
30 s and thewashing withfresh water specimens were stored in vials witE9%9% ethanol as
recommended by the EARBmerdt et al 2007) Samples were then labelled with all data and

time until further morphological or molecular investigations.

Pupae were collected using tweezers and spoonasittve, then placed in glass jars with wet
tissue inthem, closedwith laboratey-paper, andstored at roomemperature until adults

emerged.

Adults samples present on the carcasses were collected using an entomological hand net, after
that they were killed by placing into a vial, put into a freezer for 1 hour; then, dead samples
were stored in 7@5% ethanoblntil further morphological or molecular investigations (Fig

28). Some samples were investigated usanginitial morphological approach eventually

confirmed by molecular analysis based on sequencing techniques.

Figure28. Insectsamples collected from the rabbit carcasses and prefmaradalysis and storage
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2.2.5.2 Morphologicall dentification

Morphological identification was performed for about 250 adult flies and about 100 larvae
using an opical microscope Leica DME and a stereomicroscope Leica M60 equipped with a
DFC425C camera. Pictures of some adult samples difficult to identify at species level were
taken. LAS (Leica) software was used to take measurements in length of flies after manual
calibration by the metric slide. Morphological identifications were performed using specific
identification keygGennard, 2012)r descriptive articles (Tahlé4).

Tablel4. Identification keys used for the determination of the entomological samples collectedadavers

Taxon Reference
Diptera: Family McAlpine 1981
Diptera: Calliphoridae Smith 1986; Szpila 2010
Diptera: Muscidae Skidmore 1985; Seguy 1923

Hymenoptera: Pteromalidae = Turchettoet al 2003
Coleoptera: Cleridae Porta (19231934); Porta 1949

However, due to the lack of complete identification keys, the classical ologital
identification method wanot always possible, especially for insects in an immature stage of
the development. For this reason, molecular ifleation was usedto confirm the

morphological datédentification

2.2.5.3 MolecularAnalysis

7R FRQILUP WKH PRUSKRORJLFDO LGHQWLILFDWLRQ GDWD
samples belonging to Muscidae, Sciaridae, and Piophilidae family. 15 samples from both
seasons including 12 adults and 3 larvae were selected in order to perform DNA extraction,
partial amplification ofCOI gene and sequencing. In both experiments, adults and larvae were
chosen from the same carrion box in order to check the species duhtpdietween two

different stages of developmentp&pariafrom %easorl ~ experimentand 6pupariaand 6

pupae from the%season2” experiment, were also randomly selected to collect further
LQIRUPDWLRQ DERXW VSEHRioRrV FRORQLVLQJ UDEELWVY
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The eyerimentalprotocol, which is usually performed in order to identify the species at a
molecular level,consistsof DNA Extraction DNA Amplification via PCR and DNA

Sequencing

2.2.5.3.1 DNA Extraction

DNA was extracted from samples using the QIAamp DWiAI Kit (QIAGEN) for total DNA
HIWUDFWLRQ IROORZLQJ WKH PDQXIDFWXUHUfV LQVWU X
experiments during all stageSampleswere first mechanicallgismemberedising plastic
pastelsto improve the subsequent enzymatc #HVWLRQ $ SDUWLDOO\ PRGLI
SXULILFDWLRQ IURP 7LVVXHYT 4,%$*(1 zZDV XVHG LQ RUGHU
E\ DG GLQXRNASOA RMmg/ml) purchased from Promega (Madison, Wisconsin, USA)

after digestion by Proteinase KOQug/ml) (Promega) which took three hours. Samples were

left at room temperature for 5 min and incubated at 37°C for 30 min. RNAse was then
inactivated at 70°C for 10 min. AL Buffer was added and successive steps were undertaken
according to the manufacttkUfV LQVWUXFWLRQYV 6WHULOH GHLRQL]H

The quality of each extraction was monitored by standard gel electrophoresis at a constant

voltage of 100 V and using 1% w/v agarose/TBE gained with Ethidium Bromide.

2.2.5.3.2 DNA Anplification

Polymerase Chain Reaction was carried out on mitochondrial COIl gene, widely used for
invertebrate species identification. Because of its evolutionary important role, COl is a well
conserved gene commonly used as a molecular target for ifisseE®@ UFRGLQJ L H WK&E
identification of the species of interest. The primer pair listeldw (Table. 15) consistently

amplify a 710 bp fragment of COIl across the broadest array of invertebrates.

Tablel5.Universal primepair used for COI gene amplification

Primer Sequence Reference
LCO-1490 Fw 5-GGTCAACAAATCATAAAGATATTGG -3' (Folmer and Vrijenhoek, 1994
HCO-2198 Rv  5-TAAACTTCAGGGTGACCAAAAAATCA-3' (Folmer and Vrijenhoek, 1994
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Additionally, two other different specific primer pairs have been designed to amplify COI gene

belonging taHydrotaeagenus (Diptera; Muscidae) (Tablk).

Table16. ThePrimerpairused for Hydrotaea COI gene amplification

Primer Sequence
Oplll Fw 5-TCGCAACAAATGGTTATTCTCT-3'
Rv 5-TCAATTACCRAATCCTCCAAT-3'
Op211 Fw 5-GTAATTGTAACAGCTCATGC-3'
Rv 5“AACCAGTACCAGCTCCGTTTF3

GoTag® Flexi Polymeise protocol (Promega) was followed in order to prepare a master mix
UHDFWLRQ RI (Cable PIXIMRO X ®PHRT &RORUOHVYV *R7DT)OH|
O RI1 0J&O PO O RI HDFK SULPHU SPRO O
O *R7TIBT3IRO\PHUDVH X O DQG Ratcordig B thelghaityH P S O
of previous &traction Have all been carefully prepared and collectively mixed

Tablel7. PCR volumes in master mix reaction

Reagent Concentration Volume (R)
ColourlessGoTag®Flexi Buffer 5x 4
MgCI2 25 mM 2
Primer FW 10 pmol/P 05
Primer RV 10 pmol/P 05
Nucleotide Mix 10 mM 05
GoTag®DNA Polymerase 5u/R 0.25
DNA Template 4
Sterile Water 8.25
Total 20

The amplification program was set up on BioRad C1000 Thermal CyclerR@&io
Laborataies, Inc.) (Tablel8). Initial heat activation step at 95°C for 10 min, 35 cycles at 95°C
for 1 min, 1 min at the annealing temperature, 72°C for 1 min and a final extension step at 72°C
for 10 min. Annealing temperature was 49.8°C using universal @miore47°C using newly
designed primers. Amplifications were confirmed by standard gel electrophoresis using 1.5%

w/v agarose/TBE gels stained as previously described.
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Table18. Amplification program on BioRad C1000 Thermal Cycler

Step Time (min) Temperature °C
Initial heat activation 10 95
Denaturation 1 95
) 498 universal primers
Annealing 1 :
47 Hydrotaegrimers

Extension 1 72
Final extension 10 72

Thirty-five cycles of amplification have been performed in total. Everyimaetas confirmed

by standard gel electroplesis as previously described.

2.2.5.3.3 DNA Sequencing

JLIWHHQ O RI 3&5 SURGXFWYV ZHUH SXULILHG XVLQJ 4,$TX
PDQXIDFWXUHUYYV SURWRFRO H[FHSW IRU WKH HOXWLRQ
instead of Tris Buffer solution. The sequencing process based on st&zhayer method and
Purified DNA samples were sent to an external Laboratory of Eurofins GenomicnQpero
Eurofins MWG GmbH (Germany).

2.2.5.3.4Analysis of Sequences

The obtained FASTA sequences were used for identification purposes performing anrglignme
with already known sequences kept in nucleotide databases as Gene Bank.-iBRAST

(Altschul et al. 1990)was used in order to check the identity among DNA sequences.

2.2.6 MicrobiomeAnalysis

To assesshe bacterial community functimal during both seasonal trialmicrobial samples
were collected fronthree different body regionQral cavity, &in, and Interfacesand carrion

In addition, sandamples were collected once a week from under ttvraseg Tabdes 19, 20.
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2.2.6.1Microbiome SamplesCollection

Microbial samples were aseptically collected using single sterile cotton swabs at three points
over the decomposition process. During both seasonal trials, bacterial samples tarezsh

were collected from three different body regio(f: Oral cavity (internal region),2) Skin
(superior gle exposed to the environment), gB)lInterfacesandcarrion. Triplicate samples

were collected for each body regiosing sterile cotton swab apgditorsfor a total of 54
samplings at a timé€Tables. 19, 20): two sets of 18 samplesachwerestored at20°C until
subsequentmolecular processing such 83NA extraction and 16S rRNA analysis of the
bacterial postmortem communitiesOne set was used mediately at the same day of the
collection in order to assess the phenotype of the microbial communities by BIOLOG
(FR3IODWHV E DV CHdnidinglswdtvétddcarRed out on the first 5 days started on

the day of placemenand then once a week urthe dry stage ahe decompositiorprocess

Table19. Total number of samples collected for each body region for (with and without fur carcases) during
summer experiment 2014

Sampletype Samples = Samples processed k Samples storagat
collected Ecoplate -20°C
Oral cavity swabs 108 36 72
Skin swabs 108 36 72
Interface +Sand 108 36 72
swabs
Sand samples under 123 0 123
the body
Insects 483 0 0
Sum 930 108 339

Table20. Totalnumber of samples diected for each body region for (with and without fur carcases) during
spring experiment 2015

Sampletype Samples Samples processed k Samples storagat
collected Ecoplate -20°C
Oral cavity swabs 216 72 144
Skin swabs 216 72 144
Interface +Sand 216 72 144
swabs
Sand samples under 72 0 72
the body
Insects 119 0 0
Sum 839 216 504
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2.2.6.2SamplesPreparation

The Biolog EcoPlate was created especially for community analysis and microbial ecology
studies. The characteristics of the microbial comityufunctional diversity evaluation based
on the communityevel physiological profiling approach by Biolog EcoPlate with a mixed

culture of microorganisms or environment sam{ey/taetal. 2014)

%,2/2* (FRSO YWk @ irfrestigate the phenotype of the microbial communities
sampled as a function of their ability in using different carbon sources as growth sources. In
this study, the following protocol was carried out accordingPt® Q X 1 D F W XudtldrsV L Q"
(Weber and Legge, 2010)

2.2.63 Functional Characterization of the Post-mortem Microbial Communities

Thesamplesvereprepared as follows:

All swab samples that collected from each body region of rabbits were placed into sterile test
tubes with lids directly to avoid contaminated bgwanted bacteria from hands or other
sources.Swabslabelled with sample name at the experiment locatitacth swab Sample
shacked in 15 ml of 0.9 % NaCl sterile physiological solution and mixed gently and labelled
with samplename. Theobtained microbiasuspension was mixedHQW O\ DQG O RI
VDPSOH ZDV LQRFXODWHG LQWR HDFK ZHOO RI ZHOOV R
were prepared a time and then incubated at 25 °C temperatures on the sampling day.

(FR3ODWHVY peddredéeydry 2D Nours for 12@ours (5 days) using microplate

reader SPECTRO Star NANO spectrophotometer (BMG LABTECH). Absorbance in each well
was read automatically at a wavelength of 590 nm at a constant temperature of 25°C to avoid
DQ\ FKDQJHV LQ JURZWK FR Q&3 p&vfarReéd \Also3telssvind \ddy &f th® G L C
inoculum.All EcoPlates were inoculated in the same lab and then examined every day until the
colour began to change. The metabolic fingerprint was recorded for each plate from the first

day of the colour change afat four subsequent days.
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2.2.6.4Functional Evaluation of the Bacterial Community

In order to evaluate the bacterial functional diversity, of the samples, collected from the carrion,
the positive plates defined by colour changing were noted and sEhadues of bacterial

functionality index were calculed for each sample as follows:

% Functional Diversity= 100 *number of positive (purple/pink) carbon source wells
Total number of carbon source wells (31)

This value vaes from 0 to 100% with O being low diversitycah00% being a high diver.
% Variation of Resu$ within Sample = 100* i /31

i = the number of carbon sources in which the three replicates were not all positive or all
negative. On Table 2, i = sum of ey@here there is a 1 or 2 (but not 3 or 0).

Thewater is not a carbon source.

I WKH WZR VDPSOHV JLYH LGHQW L Ftbe@altielvi) BeHI0® WhQ WV~ R
WZR VDPSOHV JLYH H[DFWO\ RSSRVLWMulgdhyQ2DBA) SULQW V"

2.2.6.5Molecular Analysis

Together with functional characterization, MRELDO FRPPXQLWLHV GHYHORF
carcases were also investigated using a molecular approach encompassing total DNA

extraction, 16s rRNA gene amplification and Pyrosequencing.

2.2.6.5.1DNA Extraction

Microbial DNA was extracted from individual slvs samples using the Fast Stool DNA Mini

Kit (QIAGEN). Following the manufacturer protocdlhe extremity of each swab was cut and

put in a 2 ml collection tubthen keptin ice to avoid DNA damage due to a sudden thermal
shock. 1 ml ofinhibited Buffer was added and each suspension was left at room temperature
for four hours and mixed byvertaxingevery 60 minutes to improve the quality of the cellular
VXVSHQVLRQ 7KH VXEVHTXHQW VWHSYVY ZHUH SHUIRUPHG I
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Summer season experirant 2014 (JuneOctober 2014)

Among all the swabs collected from three different body regions (Oral cavity, Skin, and
interface sand)8 samples belonging to the first season experiment (2014) were chosen
depending on theiEcoplate positive results.In addition they were chosen from two main
pointsof thedecomposition procesd, the beginning of the decomposition (active decay stage)
and the end of the demposition process (dry stageprfeachpoint, two differentcarriors,

with fur (F)and without fur (NFwere selected in order to investigate a diffepagtmortem
microbial pattern depending on the presence or absence of carrion coverin@véur)
decomposition stagesll sampleVY] LQIRUPDWL RRQe2lY VKRZQ LQ

Table21. Samples of the summer season 201do kinds of samples with Fur (F) and without Fur (NF) were
selectedn order to investigate the different of pesbrtem microbial pattern depending on the presence of Fur
from three different body regie (M) Mouth (oral cavity), (S) Skin, and (U)rder (interface carriosand).
ADD (Days °C) were calculated bymsuthe daily average temperature

ADD Functional ADD | Functional
NF Date (°C) Activity F Date (°C) Activity
Sample (%) Sample (%)
1M 100.00 2M 96.77
1S 02 /July 135.6 0.00 2S 02 / July 135.6 29.03
1U 96.77 2U 93.54
1M 54.83 2M 3.22
1S 27/ October 1901.3 48.38 2S 27/ October 1901.3 3.22
1U 100.00 2U 90.32

Spring season experiment 2015 (Marclune 2015)

In order to perform molecular analysis for this season, 18 swab samples were selected. Three
groups of six were chosen from three points of the decomposition process, (active decay,
advanced decay, and dry stage). For each stage, two types of carcases(Wjtarfdrwithout

fur (NF) were chosen for the purposes described above. For each carrion, three body region
samples were selected depending on positive EcoPlate results, in order to evaluate the potential
different distribution of the bacterial population iguantity and quality. All samph

information is shown imable22.
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Table22. Samples of the spring season 20Mwo kinds of samples, with Fur (F) and without Fur (NF) were
selectedand from three different body regioris!) Mouth (oral cavity), (S) Skin, and (U)rder (interface
carrionsand. ADD (Days °C) were calculated by sum the daily average temperature

ADD  Functional ADD Functional
NF Date (°C) Activity F Date (°C) Activity
Sample (%) Sample (%)
5M 87.10 6M 100.00
3S 25/ March 501 45.16 6S 25/ March 50.1 25.81
5U 83.87 6U 77.42
5M 22.58 2M 70.97
58 20/ April 2941 3.23 2S 20/ April 294.1 3.23
5U 54.84 2U 58.06
3S 3.23 2M 87.10
3U 18/ May 586.3 6.45 2S 18/ May 586.3 0.000
3M 12.90 4U 64.52

2.2.6.5.2PCR

DNA amplification was carried out on 16S rRNy&ne, whichs largely used as a molecular
marker to identify microorganisms at a taxonomic leWrelfact, it consists of nine variable
regions, different among the spes;j and flanked by wetlonservedegions, whicltan be used
to designed specific primers to amplify the region of interest. Universal Gray28 FW and
Gray519 RV primers (Pechat al 2013) specific to amplify VB genic region were modified
by adding JunioFLX adaptors as recommended by Roche in order to perform thsteme
PCR prior Pyrosequenciranalysis(Fig. 29). A complete list is shown itable 28. Original
specific sequences for bacterial 16s rRNA gene amplification and the complete list oédesign
modified primers are reportad (Tade 23). The first twelve fusion primers were used for
Experiment1-2014, while all the eighteen were used for &xment2-2015.
1x forward primer A (= A-key primer):
5'-CGTATCGCCTCCCTCGCGCCATCAG-MID-forward-specific-sequence-3’

1x reverse primer B (= B-key primer):
5 -CTATGCGCCTTGCCAGCCCGCTCAG- -reverse-specific-sequence-3’

e
I

Figure29. Roche design Pyrosequencing primers. Upper stradorward sequence, lower strand = reverse
sequence. Same MID on both sides of the amplicon (mandatory for bidirectional sequencing) was required to
distinguish different amplicons in a single PCR pool (Picture by Eurofins Genomic Operon).
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Table23. Specific primers used to amplify \& regions of 16S rRNA gene

Primer Name Original Sequence Reference
Gray28 Fw 5-TTTGATCNTGGCTCAG?3' (Pechakt al., 2013a)
Gray519 Rv 5-GTNTTACNGCGGCKGCTG3' (Pechakt al., 2013a)

2.2.6.5.3Universal Primers

Total DNA samples extracted from both seasons were first used as template in a PCR using
16SGary28 FW and 16%ary519 RV universal primers in order to detectrobial DNA in

the starting sample@Pechalet al, 2013a) HotStarTag Master MiXQIAGEN) was used
preparing a master reaction of pDfor each of the DNA template. Following volumes were
added: 25ul of a readyto-use mixture containing HotStarT&NA Polymerase (5ufl), a
modified form ofTaqgDNA Polymerase which provides high specificity hotstart PCR,
QIAGEN PCR Buffer, and dNTPs; 118 of each primer (10 pmojdl); 5 B of total extracted

DNA and 17pl of H:O RNAse fregTable 24).

Table24. HotStarTaq mixture. Volumes used to perform-gtepp PCRor afinal volumeof 50pl.

Reagents Volume {l)
Master Mix 25
H-0 RNAse free 17
16SBact Fw Primer 15
16SBact Rv Primer 15
Bacterial DNA Template 5
Total volume 50

The amplification program was set on BioRad C1000 Thermal CyclerRBtbLaboratories,
Inc.) as followsiQLWLDO KHDW DFWLYDWLRQ DW f& IRU GHQ!
DQQHDOLQJ DW f& IRU PLQ SULPHUVY HOReUMBWVNLRQ V
at 72°C for 10 min(Table 25). The quality of amplification reaan was confirmed by

electrophoresis gel 1.5% w/v agarose/TBE.
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Table25. Amplification program on BioRad C1000 Thermal Cycler

Step Time(min) Temperature (°C)
Initial heat activation 15 95
Denaturation 1 94
Annealing 1 52.3
Extension 1 72
Final extension 10 72

Thirty-five cycles of the amplification reaction were enough to efficiently amplify eé8V1
variable region of 16S rRNA gene in each bacterial DNA sample as shown by eleatsipho
gel 1.5% w/v agarose/TBE.

2.2.6.5.4Generation of SequencingLibrary

Bacterial DNA detection and amplification with universal 16S rRNA gene was correctly
assessed, the initial generation of the sequencing library occurred withséeprlRCR using
HotStarTag Master Mix (QIAGENJAndreotti et al 2011) as described above and using
PRGLILHG IXVLRQ SUL el Wfhey wereX #190 kst exédpt for increasing
SULPHUTV YR O XdamaDrd G DGR térEplate (Tabl26).

PCR conditions wer the same previously described excddygt annealing temperature was
LQFUHDVHG DW f& FRQVLGHUL®@s] Thekgdaliy RiQaimgllficaRod L J R 1\
reaction was confirmed by electrophsis gel 1.5% w/v agarose/TBE.

Regarding samples resulted negative after setting up the above conditions a new PCR was
carried out increasing the amount of total DNA template fron®1® 12 P andincreasing the
QXPEHU RI DPSOLILFDWLRQYTV F\FOHV IURP WR LQ |

amplification reaction.

Table26. HotStarTaqg mixture. Volumes used to perform-step PCR and generatiofithe sequacing library

Reagents Volume (R)
Master Mix 25
H20 RNAse free 11
16SBact FW Primer 2
16SBact RV Primer 2
Bacterial total DNA Template 10
Total volume 50
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2.2.6.5.5DNA Purification and Quantification

All amplicons were purified using QIAqWcPCR Purification Kit (QIAGEN) following the
PDQXIDFWXUHUYV LQVWU X F WloREMYon Bifer\(EBHQ ikcréb€@)XDONAI G L Q
concentration. EB contains Tris Buffer/EDTA that was requested by the external company
Eurofins Genomics in order fmerform the pyrosequencing analysis. Quantification of purified
DNA was carried out on 1 pl of each sample by Nano DropTM 2000 (DNA detection
spectrophotometric method at 260 nmleasggthwave); (Thermo Fisher Scientific, Waltham,
Massachusetts, USA), fRZLQJ PDQ XIDFW X Tht tbficentr&iahgvaieXisted inR Q V
tables27 and 42

Table27. Concentrations of purified DNA samples eluted in 30 yl EB for pyrosequencing analysis

Sample Name Primer used Concentration (ng®)

16SBact01 34.2
2 16SBact02 21.0
3 16SBact03 31.8
4 16SBact04 96.4
5 16SBact05 18.6
6 16SBact06 90.4
7 16SBact07 13.0
8 16SBact08 11.6
10 16SBact10 102.7
11 16SBactll 64.2
13 16SBact13 63.1
14 16SBact14 51.3

2.2.7Pyrosequencing
Purified andquantified samples were sent to NGS Laboratory of Eurofins Genomic Operon.
The sequencing was performed by a&afdior Pyrosequencing reaction with Titanium Series

as part of 454 Roche sequencing system.
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Table28. Modified specificbacterial primers used for pyrosequencing analysis

Name
16SBactO1FW_MIR01
16SBact 01RV_MIB01
16SBact 02FWMID-02
16SBact 02RV_MIB02
16SBact 03FW_MIED3
16SBact 03RV_MIE03
16SBact 04FW_MIE04
16SBact 04RV_MIBR04
16SBact 0O5FW_MIE05
16SBacD5RV_MID-05
16SBact 06FW_MIE06
16SBact 06RV_MIB06
16SBact 07FW_MIE07
16SBact 07RV_MIBO7
16SBact 08FW_MIEO8
16SBact 08RV_MIBO8
16SBact 10FW_MIB10
16SBact 10RV_MIB10
16SBact 11FW_MIB11
16SBact 11RV_MID11
16SBact 13FW_MIBL3
16SBact 13RV_MID13
16SBact 14FW_MIBL4
16SBact 14RV_MIDP14

Modified sequence with FLX adaptors

CGTATCGCCTCCCTCGCGCCARCAG
CTATGCGCCTTGCCAGCCCGTCAG
CGTATCGCCTCCCTCGCGCCARCAG
CTATGCGCCTTGCCAGCCCGTCAG
CGTATCGCCTCCCTCGCGCCARCAG
CTATGCGCCTTGCCAGCCCGTCAG
CGTATCGCCTCCCTCGCGCCARCAG
CTATGCGCCTTGCCAGCCCGTCAG
CGTATCGCCTCCCTCGCGCCARCAG
CTATGCGCCTTGCCAGCCCGTCAG
CGTATCGCCTCCCTCGCGCCACAG
CTATGCGCCTTGCCAGCCCGUTCAG
CGTATCGCCTCCCTCGCGCCACAG
CTATGCGCCTTGCCAGCCCGUTCAG
CGTATCGCCTCCCTCGCGCCACAG
CTATGCGCCTTGCCAGCCCGUTCAG
CGTATCGCCTCCCTCGCGCCACAG
CTATGCGCCTTGCCAGCCCGUTCAG
CGTATCGCCTCCCTCGCGCCACAG
CTATGCGCCTTGCCAE®CCGCICAG
CGTATCGCCTCCCTCGCGCCACAG
CTATGCGCCTTGCCAGCCCGUTCAG
CGTATCGCCTCCCTCGCGCCARCA

CTATGCGCCTTGCCAGCCCGTCAG

2.2.8Statistical Analysis

All statistical analyses were performed using Excel (Windows) and IBM SPSS 22.0 software

TTTGATCNTGGCTCAG
GTNTTACNGCGGCKGCTG
TTTGATCNTGGCTCAG
GTNTTACNGCGGCKGCTG
TTTGATCNTGGCTCAG
GTNTTACNGCGGCKGCTG
TTTGATCNTGGCTCAG
GTNTTACNGCGGCKGCTG
TTTGATCNTGGCTCAG
GTNTTACNGCGGCKGCTG
TTTGATCNTGGCTCAG
GTNTTACNGCGGCKGCTG
TTTGATCNTGGCTCAG
GTNTTACNGCGGCKGCTG
TTTGATCNTGGCTCAG
GTNTTACNGCGGCKGCTG
TTTGATCNTGGCTCAG
GTNTTACNGCGGCKGCTG
TTTGATCNTGGCTCAG
GTNTTACNGCGGCKGCTG
TTTGATCNTGGCTCAG
GTNTTACNGCGGCKGCTG
TTTGATCNTGGCTCAG
GTNTTACNGCGGCKGCTG

(IBM® SPSS® Statistics, Armonk, NY). The sifjoant threshld was set at5%. Chi-

squaréX?) was performed to analyse the microbial distribution difference in different cases

(Fur and without fur, decomposition stagbsy regionsand thehumidity and environmeat

effect).
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3. Results

3.1 3D reconstructionausing 123D Catch software

3.1.1 Number ofPhotos Required

In order to determine the required number of photos to create a complete model, experiments
were performed using a simple object (box) (RBQ). The quality of the models in these
experiments variedccording to the number of pictures used. Some 3D reconstructed models
had incomplete parts anexplicable deformitiesreconstructions seemed to fail completely
when only five photos are used. In addition, using 10 photos to perform the 3D recon&ruction
did not give any acceptable results, and only incomplete 3D models were obtained. Whereas,
the best 3D models were achieved when the number of photos was higher {Fém 26).
Moreover, measurements were performed from each experiment in ordefitm ¢o@ number

of photos required to haan acceptablaccuracy (Fig31). In addition to the number of the
pictures as well the lighting conditiongre consideredhey showeda significant effect on the
3Dreconstructions. The best reconstructions waseained when the objects were well

illuminated with constant lightning and had a strong contrast with the background.

Figure30. 3D models of box reconstructed using 123D Catch software with a different number of phpids.
photos, (B) 15 photos, (C) 25 photos and (D) 30photos.
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Figure31. Differences between the control (original measurement) and the measurements obtained from the 3D
reconstruction using a different number of photos

3.1.2 Evaluaion of the Method andM easurements

The number of photosequiredfor the complete modelvasidertified in the previous step.

A further set of experiments were performed in order to investigate how the number of photos
can be optimised working witlifferent types of objects anid different conditions.The

number of photos was defined between 20 to 30 photos depending on the size of the object or
the scene, and the level of detail requested in a crime scene investigation. With a number of
pictures letween 20 and 30, tledtained results were complete (83, 34). In fact, inamore
complicated scenario where a skull, a cutter and a plier were present in the peripheral scene,
this elevated the level of detail in the sces@ the reconstructed 3Dodeldid notshow any
inaccuracy, missing part or deformation ewethe peripheral details (Fi§2). In addition, to

identify the possibility to collect accurate measurements directly from the 3D reconstruction
models,measurements of three sktggions (teeth and nose) (Fig2) were collected. This
dataset was compared with the original suw@aments of the skull regionEhe measurements
collected from the 3D reconstructed models were repeated three times using a 3D reconstruction
based ora minimumof 25 pictures. Measurements based on the reconstructed model showed
D YHU\ VWURQJ DJUHHPHQW 1 a LQ FRPSDULVRQ WR
original objectgTable 29).
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Figure32. 3D reconstru@bn views ofa skull created by 123D Catch using-20 photos(A) upperlateral, (B)
frontal 3D view, (C)ateral and (D)ateral

Table29. Intraclass Correlation Coefficient between the real and obtained measurement froufl ikégsi82).
Two-way mixed effects model where people effects are rarmluirmeasures effects are fixedre used.

Intraclass  95% Confidence Interval
Correlation  Lower Bound Upper Bound
Single Measures = .995 .968 1.000
Average Measures .999 .992 1.000
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Figure33. Different 3D reconstruction models created by 123D Catch usi8) 2hotos for different scenario
were created to have a wide range of distances from a f#icB, G, H, Oand B to a macroC, D, E, F, I, J, K,
L, M and N crime scene
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Figure34. 3D reconstruction models created by 123D Catch usirg02fhotos with some measurements of two
different scale ofthecrime scene
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3.1.3Accuracy of ReconstructedM odels

In order toevaluatethe accuracy ofthe reconstruction models, validation experiments were
performed 6r scenesof different sizes(small and large scgleIn the small scenes,
measurementsd distances wermaller tharbOcmwhilein the large scene, all measurements
and distances wetagger thans50 cm. All measurements of the objects at the scene and the
distances between specific points were taken, to compute the difference behgeen
measurements of 3D reconstruction models that were obtained by the 123D @Gtatalesof
three times measurinlhese measurements were compared to the original measurements and
the results of the correlation coefficient for a sksakile scene was 0.99%ded on 155
measuresNVhereaghe largescale scene correlation was 0f@sed on 7&easuresConsider

the 228 measurments the correlation was 0.999The results show the strength of the
association between the two variables (real measurements angtedtimeasurement@igs
39-41).

The visual examination of the graphs did not showpstgliarabnormality in theelationship
between the real and estimated measurementithe intraclass correlatioshoweda strong
agreement (D00) for the two clas of measurements (real measuremevdsestimated
measuremenys In addition, the frequency of theoccurrencesnumber of repeating the
measurementshowedhe samepatternfor real and estimated measurements,thate was no
differencebetween real and smated measurements for small and large scale s{i€igss35-
38).
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Figure35. Frequency ofeallarge scalescene Figure36. Frequency of estimated largeale scene
measurements > 50 cm. measurements > 50 cm.

Figure37. Frequencyof real small scale scene Figure38. Frequencyof estimatedsmall scalescene
measurements < 50 cm. measurements < 50 cm.

Table30. Summary table of N, Min, Max, Mode, Median, Average, and SD for total, smalaegedscale
scenes

N Min Max Range @ Average SD Median Mode
Total 228 1.80 192.00 190.20 42.30 48.20 18.00 10.00
<50an 155 1.80 49.00 47.20 12.90 11.20 8.10 10.00
>50an 73 53.00 192.00 139.00 104.80 35.10 97.00 83.00
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Figure39. Correlation between estimated and real measurements of small scene @&86n995) the red line
is the linear correlation line

Figure40. Correlation between estimated and real measurements ofskeaifescene >50c¢rtR?2=0.997) the red
line is the linear correlation line
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Figure41. Correlation between estimated and real measurements of the total of small arstddeg(R2=0.999) the red line is the linear correlation line
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3.1.4 Evaluation ofReliability for Measurements

The following experiment was performed in order to evaluate the consistency of the obtained
reconstruction when performed by different usarsn different timesthis is a fundamental

point in order to guarantee the reproducibility of the results and their consistency. To do that
two measurements were performed in the different time by the same opdrateas a third

one was performed bynather operatorThe experiment was done with different types of
objects and the measurements were taken twice, and an additional time by another operator
(S. Vanin (Fig. 42). The reliability was analysed statistically and the result showed a strong
agreement Intraclas€orrelation Coefficient =1.00,3%0.01, n= 50, and there were no

significant individual differences concerning the real and obtained measurements.

Figure42. Correlations between the real measurementst@estimated measuremenBlue andorangedots
indicate the reconstructs the estimated measurements performed by one cgrattgtes; dots reconstruct the
estimated measurements performed by another independent opgratanif), (R2=0.9997 Intraclass
Correlation Coefficient =1.00
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3.1.5 Comparison andEvaluation

In order to evaluate the accuracy and time needed to obtain tmeo8Bls using different
methods acomparison was performed using thgen source softwardutodesk123D catch,
Agisoft Phdo-scan and Photosynth. 3D reconstructiests were performed on four datasets.
Each datasetvas composed of seriesof imagesof the samescenecaptured by the same
cameral0, 20, 35, and 5inageswere used for the 3D reconstructioiibe simple geontey

of thescene allows evaluating the quality of reconstrudtiegurfaces antheanglesThe test

was used alsto compare the processing time needed for each experiment.

The quality of the reconstructed modelss remarkable in some of theeconstrutions,
whereasjn someothers it was of low quality or incomplete depending on the number of
photos.Reconstructions performed B\gisoft Photescan and Photosynth using the function
37 H[Wshowed a very low quality, while in cloud format they werae detailed, accurate,
and completewhen more than 20 photos were usEdrthermore, the processing timas
variable between the methodsifference between some methods was 107 Minutes with 50
photos, and 34 Minutes with 35 photos. Some of the methadsfaster in loading images but
the result was incomplete and very low quality. TaBlB ummarizes the results of running
quality and time on all modelsy using different methods.

Indeed, the research showed that these methods create 3D modeldevightdiésolutioaand
in different processing timé& he reconstructiowaseasy to be performezhd obtained at a low

cost.

The results indicatkthat 123D Catch software is a helpful and accurate method, whicledllow
the officers and investigators to aonent and reconstruct the crime scene, using such a
powerful lowcost tool, and easy to use and move to different conditions of the crime scenes to

capture the crime sceneits entirety, which considerably reduces the time.
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Table3l. & RPSDULVRQ RI ' PRGHOV RI D VNXOO FUHDWHG E\ ' &DWFK 3KRWR 6 ERiqy tibex&uBddRIggdiNgIoW K VR |
the number of photos use&/hich was on four data sets: 10, 20, 35, and 50 photos. Tdmgaesimages of each data set (frontal view, lateral view, and postenigrare
shown reconstruction results of each softwatee ezaluationwas performed usingsubjective scaleonsidering the quality of the reconstruction

Software No of Ti me Evaluation Frontal View Lateral View Posterior View
photos (Min) %
Autodesk
123D Gatch 10 12 35
Agisoft
PhotoScan 10 13 25
37H[W X |
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Agisoft
PhotoScan
3& OR X G

10

13

Photosynth
3& ORXG

10

Autodesk
123D Gatch

20

21

100

Agisoft
PhotoScan
STH[W X

20

25

40
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Agisoft
PhotoScan
3& ORX(

20

25

10

Photosynth
3& ORXG

20

10

Autodesk
123D Gatch

35

36

100

Agisoft
PhotoScan
STH[W X

35

70

50
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Agisoft
PhotoScan
3& OR X G

35

70

70

Photosynth
3& ORXG

35

13

Autodesk
123D Gatch

50

38

100

Agisoft
PhotoScan
STH[W X

50

145

40
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Agisoft
PhotoScan 50 145 80
3& ORXG
Photosynth
S8 OR X G 50 15 7
Agisoft PhotoScan Photosynth Autodesk123D Gatch

Large sizepictures fromthe previouscomparisorwith 50 photosreated byAgisoft PhotoScarPhotosyntrand Autodesk 123D Catchio emphasise differences in resolution
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3.2 DecompositiorProcessAnalysis

The 3D reconstruction using a cheap and easywaasl the first stepo the document the
decomposition process in an accurate {fag. 43). In fact, this approach alvsthe collecting
and analysingf the decomposition process of rabbits with and without fur, in ordeetect
the carrion variatios and associatthem with the entomology and bacterial communities that
play a key rolen thedecompositioprocessThe3D reconstruction allowsighlighting several

details for examplethe reduction of the abdominallume not visible in a 2D photo.

Experiment Rabbits without fur (NF) Rabbits with Fur (F)
days

Day O

Day 4

Day 5
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Day 7

Day 21

Figured3 ' UHFRQVWUXFWLRQ RI UDEELWVY FDUFDVVHVY GHFRPSRVLWL
(2014)using 123D Catchr'he reconstructiors based on 25 photos.

3.2.1 DecompositiorStages

To identify the decompdsWLRQ VWDJHV RI WKH VDPSOHV SKRWRYV
carriors every day for the first week and then three times a week for two weeks. Subsequently,
twice a week to observe the changes that occurred, and notes warertdake most important
changegFig. 44). Carcasses consumption took 45 days to be completed in the summer season
(experiment performed in 2014 sbhtaterial & Method$, while it took 82 daygluring the

spring season (experiment performed in 2015 seMaterial & Method$. Five
gereralstagesvere identified to describe the process@tompositiorof invertebrateanimals:

fresh, bloat, active anaidvanced decay, and dry/remains. During the sg@agonal trial, the
bloating stage was observed after two days from the day of platébey 0). In additionin

both seasons, skeletonisation stags noreachedPhotos for each rablgarrionchanges over

the decomposition process is listedNippendix 2(Tables 57, 58)
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Experiment Sampleof rabbits without fur Sampleof rabbits with fur
days (NF) (3]

Day 0

Day 2

Day 7

Day 19

Day 29
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Day 36

Day 43

Day 82

Figure44. Carcasses decomposition process duringphieg seasonal trig2015)Because of the different
environmenal conditions this experiment was carried out falongerperiod compared to the 2014 experiment

Moreover, insect colonisation startpdor to carcasses without fur as larvappear Starting
from day 22pupariawere collected and a maximum amount was observedy86. Fronday
43 the amount of collected entomological material decreased significantly and progressively

until the end of thelecomposition procesddy 82).

3.2.1.1 Tempeature Data

Summer experiment (First sasonal trial June-October 2014)

The local mean of the daily ambient temperature among carcasses between June and October
2014 was of 15.0 = 2.7°C,i¢f-45). Over the entire period, maximum temperature value was

28.1°C while the minimum valueof temperature recorded was 7°€. The average
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precipitationsvere0.85 + 2.22mm (Figd5). Temperature dateereconvertedo Accumulated
DegreeDays(ADD) as shown irAppendix2 (Tale. 55).

Spring Experiment (Secondseasonatrial March -June 2015)

Between March and June 2015, the local mean temperature recorded was 10@ (£ig.8
46). Maximum temperature was 24°€; the minimum observed temperature was 0.2 °C.
During the spring season, the average of precipitation4 \2ast.0mm (Fig 46). Temperature

data convertedccumulated Degree Days as showi\ppendix2 (Table 56).
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Figure45. Meteorological data, recorded during the summer experiment-Qctoder 2014) by the University of Huddéeld station(Red line) is maximum temperature,
(Black line) is an average of temperature, the (Blue line) is minimum temperature, and the column is rainfalls (mm
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Figure46. Meteorological data, recorded during the summeegment (Marchlune 2015) by the University of Huddersfield statited line) is maximum temperature,
(Black line) is an average of temperature, the (Blue line) is minimum temperature, and the column is rainfalls (mm
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3.2.1.2Animal Mass

The carcaslVY] ZHLJKW ZDV UHFRUGHG GXULQJ WKH H[SHULPH
carcasses weight loss followed the same pattern in each experiment and the ciweeagje

was used to follow the change across time (Fgs48). The carcasses have &ht loss of
massduring the early stage of the decomposition process (Fresh stage). The loss of weight
continued until the start of trelonisationstage at the third week in active decay stage where

the carcasses lost the mosttloé weight. Finally, atthe advanced decay stage, the carcasses

lost more weight untitiry stageand then the weight was stable

Figure47 $YHUDJH RI WKH ERG\ I Figured8 $YHUDJH RI WKH ERG\ |
carcasses during the summer experiment (2014 carcasses during the spring experiment (2015)

Summer experiment (First seasonal trial JuneDctober 2014)

The average of the weight of the carcasses slightly decreased as the fresh stage Afteuarred.

few days, the weight was slightly increased when bloat stage of the decomposition process
occurred. In three weeks later, 70% of the body mass was lost on average, where active decay
stage was occurring. In the same period, an active insect aatastglso observed. One week

after the beginning of thedvanced decay stage, the bodssweakly changed until reaching

a constant value. The weight was constant during the rest of the decomposition process as

carcasses wertotally dried (Figs47, 49).
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Figure49. $YHUDJH RlI WKH ERG\ PDVV RI WKH WRWDO RI WKUHH UDEELW
(2014). (Red line) is with fur carrion and (Blue line) is without fur carrions

Spring Experiment (Second seasonal tridMarch -June 2015)

After the first week, initial increasing of all carcasses weight was observed due to the bloat
stage. Thereafter, the average of the weights was decreased very slowly during the bloat stage.
After three weeks, the weight loss was aroonty 10%. Reduction of 50% of the carcasses
weight was observed after the week seven. The significant weight loss during this period is
relevant to the advanced decay stage. After that, the body mass gradually declined at the end of
the advanced decay staglhe stabilisation of the averagéweight value occurred at the

beginning of the dry stage (Figs3,40).
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Figure50. $YHUDJH Rl WKH ERG\ PDVV RI WKH WRW D@inRBexperikrgmi 08).DEELW YV
(Red line) is with fur carrion and (Blue line) is without fur carrions

3.2.2Entomo-Fauna Associated withthe Carrion

$00 LQVHFWVY VDPSOHV DmXGWVLEJIIERWDO VXPRHW B B
experiments were collected and identifidddifference in colonisation time was observed only
in spring experiment: animals without farerecolonised two days befotheanimals with fur.

No significant differencewereobseved inthe summer experiment.
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3.2.2.1 Morphologicall dentification

Summer experiment (First seasonal trial JuneOctober 2014)

According to the morphological analysis carried out on more than 100 adult samples collected
from carcasses, four families of flies (Diptera) identified Calliphoridae, Sphaeroceridae,

Muscidae and Bphilidae. Dermestidae (Coleoptera) and Pteromalidae (Hymenoptera)

also observed. Among Calliphoridaecilia sericata(Meigen 1826)was the most abundan

species followed by Calliphora vicina |RobineauDesvoidy1830 and Protophormia

terraenovagRobineauDesvoidy 1830 Among Sphaeroceridae, the following species were

identified: LeptoceracaenosaRondani, 1880)Coproicavagans(Haliday] 1833) Coproica
hirticulalCollin] 1956 Coproicahirtula RéndanF 1880)Specimens belonging to the Muscidae
and Piophilidae family were identified BlsldrotaeTRobineauDesvcidy 18300phyrasp. and

Allopiophila Vulgaris (Fallen, 1820yespectively. Among Dermestidé&®ermestedardarius

Linnaeug1758was the only beetle sampled in AugusasoniavitripennigAshmeadl 1904

(Pteromalidae), aomonly known as parasitic wasp was equally observed in all boxes ever th
entire collection period (Figé1, 52), (Table 32).

Spring Experiment (Second seasonal trial MarchJune 2015)

Morphological analysis carried out on 100 adult sampddiected fran carcasses shown four
families of flies (Diptera), i.e Calliphoridae, Muscidae, Piophilidae and Sciaridae. Pteromalidae
(Hymenoptera) and Cleridae (Coleoptera) also observed. The most abundant species found was
Calliphora vicina (Calliphoridae) confirmingts preferential development during a spring
summer season in the United KingdoRrotophormiaterranovaewere the second most
abundant species belonging to Calliphoridae. Only one sampld.uoflia sericata
(Calliphoridae)was found in box3 in June.Nasmia vitripennis (Pteromalidae)was also
identified. Necrobia rufipes (Fabricius, 1781)and Necrobia violacea (Linnaeus,1758)
(Coleoptera: Cleridae) were sampled froaxl andbox3 contain (NF) rabbits (Fig3) (Table

33). For flies belonging to Muscida®iophilidae and Sciaridae family, species determination

required tirther molecular analyses (Figs! - 56).
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Figure51. Parasitic waspNasoniavitripennis. Left lateral view

Figure52. Allopiophila Vulgaris (Piophilidae) was collected from (NF) box in August 20Adult left lateral
view (left) and dorsal view (right). The orange colouration offtbasis one of the characters specifitthis
species

Figure53. Necrobiaviolacea(left) andNecrobiarufipes(right). Adult samples collected from carcasses i
(NF) BOX 1 and BOX 3 (April 2015). Both of them have a metallic blue badiscrobiarufipesis easy to
identify because of their red legs
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Figure54. Muscinaprolapsa(Muscidae) BOX3 11/05/201%dult sample, right lateral view (left). Thorax
andright wing detail (right)

Figure55. Muscinaprolapsa(Muscidae) BOX5 18/05/201&dult sampleright lateral view (left)Dorsal
view (right). The yellow spot on the scutellum is characteristic of the gdoasina

Figure56. Muscinaprolapsa(Muscidae) BOX6 18/05/201%&dult left lateral view (left). Head detai(sight)
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BOX1

BOX2

BOX3

BOX4

BOX5

BOX6

Month
June
July

August

July

August
July

August

July

August

July

August

July

August

Table32

Order
Diptera
Diptera

Hymenoptera
Diptera

Diptera

Hymenoptera
Diptera
Diptera

Hymenoptera
Diptera

Coleoptera
Diptera

Hymenoptera
Diptera

Hymenoptera
Diptera

Hymenoptera
Diptera
Hymenoptera
Diptera

Hymenoptera
Diptera

,QVHFWVY PRUSKRORJLFDO LGHQWLILFDWLRQ

Family
Calliphoridae
Calliphoridae
Sphaeroceridae
Pteromalidae
Sphaeroceridae
Piophilidae
Calliphoridae
Muscidae
Sphaeroceridae
Pteromalidae
Sphaeroceridae
Calliphoridae
Sphaeroceridae
Pteromalidae
Sphaeroceridae
Piophilidae
Dermestidae
Calliphoridae
Sphaeroceridae
Pteromalidae
Sphaeroceridae
Muscidae
Pteromalidae
Calliphoridae
Muscidae
Pteromalidae
Calliphoridae
Pteromalidae
Calliphoridae
Muscidae
Sphaeroceridae
Pteromalidae
Sphaeroceridae
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Species

Calliphora vicina, Lucilia sericata
C.vicina, L.seriata
Leptoceracaenosa

Nasonia vitripennis

Coproica hirtula

Gen.sp

C. vicina, L.sericata, Protophormia terranovae
Gen.sp

Coproica vagans, C.hirticula,

N. vitripennis

L.caenosa

C.vicina, L.sericata

C.vagans C.hirtula

N. vitripennis

Gen. sp.

Gen.sp.

Dermestes lardarius
P.terranovae

L. caenosa

N. \itripennis

L. caenosa

Gen.sp.

N. vitripennis

C.vicina, L.sericata, P.terranovae
Hydrotaea sp.

N. vitripennis

L.sericata

N. vitripennis

C.vicina, L.sericata, P.terranovae
Gen.sp

C.vagans, Chirtula

N. vitripennis

C. hirtula



BOX1

BOX2

BOX3

BOX4

BOX5

BOX6

Table33

Month Order

April Diptera
Hymenoptera
Coleoptera

May Diptera
Coleoptera

April Diptera
Hymenoptea

May Diptera

April Diptera
Coleoptera

May Diptera
Hymenoptera

June Diptera

April Diptera

May Diptera

April Diptera

May Diptera

April Diptera

May Diptera

Family
Calliphoridae
Pteromalidae
Cleridae
Calliphoridae
Cleridae
Calliphoridae
Piophilidae
Pteromalidae
Calliphoridae
Muscidae
Calliphoridae
Cleridae
Muscidae
Sciaridae
Pteromalidae
Calliphoridae
Calliphoridae
Calliphoridae
Muscidae
Sciaridae
Calliphoridae
Calliphoridae
Muscidae
Calliphoridae
Calliphoridae
Muscidae

Sciaridae
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,QVHFWVY PRUSKRORJLFDO LGHQWLILFDWLRQ

Species

Calliphora vicina
Nasonia vitripennis
Necrobiaviolacea
C.vicina, Protophormia terranovae
Necrobiarufipes

C. vicina

Gen.sp

N. vitripennis
C.vicina, P.terranovae
Gen.sp.

C.vicina, P.terranovae
N.rufipes

Gen.sp

Gen.sp

N. vitripennis

Lucilia sericata
C.vicina

C.vicina, P.terranovae
Gen.sp.

Gen. sp.

C.vicina

C.vicina

Gen. sp.

C.vicina

C.vicina, P.terranovae
Gen. sp.

Gen. sp.
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3.2.2.2 Molecularl dentification

The obtained sequencegre used for identification purposes performing an alignment with

already known sequences kept in nucleotidebasesas Gene Bank.

BLAST-n® is the bioinformatics tool used in order to check the identity among DNA
sequencedfResultsareshownin the tablg34) confirmed theprevious morphological analysis,

WKH PRVW DEXQGDQW VSHFLHVY WKDW FRORQLVHG UDEEL'
is Calliphora vicina Muscina prolapsafound in box 2 and bo¥ at different stges of
development andHydrotaeaand leucostoman box 3, both belonging to Muscidae family,

clealy demonstratéhat the molecular approach is necessaryadoonomic characterisation at

the species leveln fact, the initial morphological characteation often allowed the family or

genus identification only (Tahl&4).
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Table34. Molecular identification of the insects taxonon{igdult, pupa, larva) that wemollectedin summer and spring experiments

Sample Origin Date of collection DNA fragment size  BLAST Query cover =~ BLAST max ID Value % Species
larva BOX 6 May 2015 649 bp 99% 99% Muscina prolapsa
larva BOX 3 June 2014 197 bp 94% 99% Hydrotaea leucostome
pupa BOX1 July 2014 652 bp 100% 99% Calliphora vicina
pupa BOX2 April 2015 646 bp 99% 99% Calliphora vicina
pupa BOX3 April 2015 650 bp 99% 99% Calliphora vicina
pupa BOX4 April 2015 646 bp 100% 99% Calliphora vicina
pupa BOX5 April 2015 654 bp 99% 99% Calliphora vicina
pupa BOX6 April 2015 649 bp 99% 99% Calliphora vicina
pupa BOX5 July 2014 626 bp 98% 98% Calliphora vicina
pupa BOX1 June 2015 601 bp 99% 99% Calliphora vicina
pupa BOX2 June 2015 588 bp 99% 99% Calliphora vicina
pupa BOX3 June 2015 585 bp 98% 99% Calliphora vicina
pupa BOX4 June 2015 472 bp 100% 100% Calliphora vicina
pupa BOX5 June 2015 657 bp 95% 99% Calliphora vicina
pupa BOX6 June 2015 646 bp 95% 99% Calliphora vicina
Adult BOX2 May 2015 647 bp 99% 99% Muscina prolapsa
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3.2.3 MicrobiomeAssociated withCadavers

3.2.3.1 FunctionalActivity Characterisation

Differences in thgpostmortemmicrobial communities between rabbits with and without fur
were investigated using a functional approach based on the source of carbon used by the
microorganisms. For each animal, the microbial patteras analysed considering three
different body regions. The average of functional activity and functional variation index
calculated among three carcasses with and without fur per each day of sampling and for each
body region. The functional variation iexl is reported as the error bars. Data for each rabbit

condition and for each body regiare listed irgppendix2 (Figs 110-121).

Summer experiment (First seasonal trial JuneDctober 2014)

The first observation about the functional activity of the nb@bcommunities on all carcasses
was the big variability depending on the stages of decomposition in addition to the body region

as well (Oral cavitySkin, Interfacesandcarcasses)

Oral cavity. The functional activity of the microbial communities hadrty the same pattern

for both rabbits with and without fur in summer experiment. High functional activity was
noticed in the first four weeks, and then there was no activity for two weeks during the
decomposition until the last week when a slight inaeacurred again (Fi§7).

The average of microbial functional activity was calculated among three rabbits without fur
(NF) at day one (fresh stag).52%). Then increased on day four to re¢88.32%. For one

week, this value was constant, and it wasging between 90%nd92%. After two weeks of
carcasses placement day, the functional activity average dramatically decreased to (6.45%).
thereafter, no furtheaction was detected over the decomposition process. The activity was
observed during the advesd dry stage in order to investigate any furfh&ential changes in
thepostmortemmicrobial functional activity; One case of three showed an incEase83%
appendix2 (Fig. 110).

The same pattern was observed in rabbits with fur (F) with sonezatiffe noted. On day one,
the average of functional activity was (16.13%). During the active decay stage, on day four the

activity was raising (88.17% t®6.77%) Two weeks after placement day, bacterial
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communities were still active by (48.38%) where ofy45%) was observed in samples
without fur. One month later, during the advanced detteey average was (16.13%) but it
significantlydecreased to (1.07%) later (F&), appendix2 (Fig. 111).

Skin samples. Dring the summer 2014 experiment, functioaetivity of bacterial community

on skin samples for rabbits with and without fur had almost the same pattern of activity. It was
detectedat the active decagtage which was the secondeek after the day of carcasses
placement over just one week. Thémre was no more activity recorded until the late day

samping at advanced dry stage (F&y), appendix2 (Figs 112 113.

Interfacesandcarrion Is the place wher¢he most of the microbial functional activity were
positive in all the sampledays with simple relatively different results. The highest activity
was in the middle of the decomposition process of rabbits with and without fuhevaimmer
experiment (Fig57). The first signal of microbial functional activity between the skin of
carcassesvithout fur and sand was detected three days after the placement day at the fresh
stage. The average functional value \{#8.38%), then after one week increased9d.59%)

at active decay stage. Two weeks later, the microbial activity slightly decriea&@sl 66%)

before increased again gradually during advanced decay, at this point acti{ifi@96%9 and
(78.49% were calculated. The average functional activity remained relatively high in the
advanced dry stage (83.87%) (F&), appendix2 (Fig. 114). The same pattern was observed

on carcasses with fur, but the functionality values slightly varied. An initial activiBbo59%)

during fresh stage increased (®7.85% during active decay. Then slightly decreased to
(63.44%) before reaching agdiigher values during advanced decay (73.1&#@ (82.79%).

last samples during the advanced dry stage showed a relatively high average activity (67.74%)

but lowerthan carcasses without fur (F&y), appendix2 (Fig. 115).

In 2014 experiment no signifina difference was fountbetween each of the two kinds of
carcasses, depending on the presemcabsenc®f fur (Independent samplegdst p >0.05)
(Tade. 35). No significant difference was found between conditions (NF and F) (two ways
ANOVA p >0.05) while a significant difference was found comparing the three body regions
(two ways ANOVAp =0.00). The interactions between the two conditions delete the effect of
the fur on the microbial functional activity (twaays ANOVA p > 0.05) (Table36).
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Table35. Independent samplédést results testing Table36. ANOVA- two ways results in testing

microbial community functional responses betweel microbial community functional respees
three body regions 2014 between conditions F and NF 2014
Body Region t d.f. p Source F P
Oral cavity -0.353 12 0.730 NFE /E 0.139 7.121
Skin -0.354 12 0.729 Body regions -13.272 0.000
Interfacesand -0.650 12 0.949 Interaction 0.0054 0.952
carrion

Figure57. Average of microbialF R P P X Q fuki¢tioHaV dLtivity for summer experiment 2014 of carcasses with
and without fur (F, NF), in the different body regi@ral cavity (black line), Skin (red line), and Interfasand
(blue line) over accumulated degréays (ADD), which was used as a surrogate of decomposition time. Average
FunctionalActivity (%) was calculated among six carcasses with and without fur for each day sampling.
Average Functional Variation (%) is repaitasanerrorbar.
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Spring Experiment (Secondseasonal trial March-June 2015)

Oral cavity. During spring experimentthe functional activity was nearly the same in both
rabbits with and without fur; it was high and variable during the decompositioegs;aantil

the last few days where it was increased slightly. &8y

The average of the microbial functional activity w@2.58%) at placement day and then
increased tq88.17%) three days later at bloat stage. High values were observed during the
acive decay stage, and the highest value (88s77%). During the advance decay, a decrease

in the microbial functional activity observed. In the late stages of the advanced decay, constant
values appeared between 30.11% and 34.01%e the dry stage occad, a strong decreagin

in mouth samples was observddhe average of the functional activity calculateddanrions

with andwithout furwasvery similar. The same functional activity pattern can be noted over

all the stages dhe decomposition procefsig. 58), appendix 2(Figs. 116,117).

Skin samplesThebacteria functional activity had the same pattern in rabbits with and without
fur. Generally, the activity started ithe secom week and lasted for three weeks, and tinen,
further action was recded (Fig. 58), appendix 2 (Figs. 118, 119).Analysis showed the
PLFURELDO FRPPXQLWLHVY DFWLYLW\ VWDUWHG D ZHHN LC
active decay stage, and the average value recorded at this poi(@9@3%. During the
advarte decay, the functional activity decreasedl reached values lower than 10%dess

than one week after ghmaximumlevel of the activity Overthe decompositioprocessno

more activity was detectedppendix 2(Figs 118, 119. A belt shape curve wasbserved in

the functional microbiahctivity of carrion with fur (31. 18%) was the maximum value reached
during the active decay stage even if this resulted lower than previously describedoval
rabbits without fur (Fig58).

Interfacesandcarrions The bacteria functional activity was positive, with variability in the
value of the function in all samples of rabbits with and without fur duhiegdecomposition
process (Fig58), appendix2 (Figs. 120, 121).

OLFURELDO FRPPXQLWL HyaY (36X538% MhLtReQii3tQhrEeFdAkE dtLiNe \bloat
stageAppendix (Fig. 58). Once the active decay started, the microbial activity increased to
(77.42% until it reached a maximum value of (95.70%) during this stage. Then a mild decrease
was initially obseved at the advanced decay, followed by an increase to (43.01%). The
maximum functional activity values were detected between the end and the beginning of the

decomposition process. However, the averaglue progressively decreasaud his pattern
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was olserved even for carcasses with fhirg( 58). From the maximum averadgvel reached

during the active &cay (83.87%) a progressive decrease to (79.57% and 72.04%) was observed.
The same pattern was in both (F and NF) conditions. In carcasses with fastth@aximum

value occurring during the late advance decay stage was higher (72.1%) if compared with the
previous value in the same sampling day recorded foasaes without fur (43.1%) (Fi§3),
appendix 2(Figs 120, 12).

In spring 2015, no signifant difference was fourtaetween each of the two kinds of carcasses,
depending on the presence of fiindependent saptes ttest p >0.05) (Table37). No
significant difference was found between condition NF and condition F (two ways ANOVA p
>0.05) whilea significant difference was found comparing the three body regions (two ways
ANOVA p =0.00). The interaction between the two conditions deletes the effect of the fur on
the microbial functional activity (twavays ANOVA p > 0.05) (Table38).

Table37. Independent sampleést results testing Table38. ANOVA- two ways results in testing
microbial community functional responses betwee microbial community functional responses betwe

three body regions 2015 conditions F and NF 2015
Body Region t d.f. p Source F p
Oral cavity -0.610 22 0.952 NF-F 0.088 7.670
Skin 0.411 22 0.685 Body regions 16.504 0.000
interface Interaction
-0.654 22 0.520 0.200 0.819

sand/carrion
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Figure58. The seasonal average of microbial functional activity for spring experiment 2015, in the different
body regionOral cavity (black), Skin (red), and Interfacand (blue) over accumulated degdsg/s (ADD),
which used as a surrogated#fcomposition time

The results demonstrate that the fur does not affect the microbial community functional activity
in the same season. However, significant changes in the functional astvéyoted during
decomposition stages both within and amoegssns,which is similar to other studies
conductedyy Carteret al (2015) andPechakt al (2013a).

3.2.3.2 MolecularAnalysis

3.2.3.2.1 DNAEXxtraction from Swabs and PCR

DNA extraction was performed for 8 samples chosen for the sutnalgduneOctdber 2014)
(Table 39) and 18 samples chosen for gping trial (MarchJune 201p(Table 40).
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Table39. 6DPSOHV RULJLQ VRXUFH O0f LV IRU WKH PRXWK , H RUDO
UHJLRQ for ui$r. |\. interface carriesand (body region 3)-2 are Boxes number

PCR Sample Origin Source Collection Date

1 1M 2/July
2 1S 2/July
3 1U 2/July
4 2M 2/July
5 2S 2/July
6 2U 2/July
9 1U 27/0October
12 2U 27/October

Table40. 2015 Samples origin source. (M) Is for the mouth, i.e. oral cavity (body region 1). (S) Is for skin (body
region 2). (U) Is for under, i.e. interface carrsend (body region 3).-3-6 are Boxes number

PCR Origin Source Collection Cate PCR Origin Source Collection Date

Sample Sample
1 5M 25/ March 10 2M 20/ April
2 3S 25/ March 11 2S 20/ April
3 5U 25/ March 12 2U 20/ April
4 6M 25/ March 13 3S 18/ May
5 6S 25/ March 14 3U 18/ May
6 6U 25/ March 15 3M 18/ May
7 5M 20/ April 16 2M 18/ May
8 5S 20/ April 17 2S 18/ May
9 5U 20/ April 18 4U 18/ May

3.2.3.2.1.1 UniversaPrimer Testing

Summer experiment (First sasonal trial June-October 2014)

A gradient PCR was performed in order to assess the annealing primer temperature showed an
optimum of the amplification reaction at 52.3°C. Utilising PCR with universal primer pair was

successfufor all the selected samples.
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Spring Experiment (Secondseasonal trial March-June 2015)

PCRperformed with a universal primer pair specific for a¥iegion of bacterial 16S rRNA

gene was successfully positive for all the sam(ffeg 59).

Figure59. V1-3 16S rRNA gene Primer Testing PAPRNA microbial samples from Exp.2 were
amplified using unmodified universal primer2: D QG 59 $PSOLFRQVY VL]F
DNA Ladder 100bp (Promega). Samples were numbered from 1 to 18.

3.2.3.2.1.2 Generation oSequencingLibrary

PCRperformed with modified fusion primers specific for a-8tegion of bacterial 16S rRNA
gere was successfully positive for all the samples chosen in both seasonal trel6(Fad).

Summer experiment (First seasonal trial JuneDctober 2014)

Figure60. PCR with FLXadaptorsfusion primers for pyrosequencing arsdg.DNA microbial samples from
Exp.1 were amplified using modified fusion primer R28FW and FLX519RV. DNA Ladder 100bp
(Promega). Sapies were numbered from 1 to 6 and 2, Their origin source has been previously reported in
table39.
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Spring Experiment (Second seasonal trial Marchklune 2015)

Figure61l. PCR with FLXxadaptorgusion primers for pyrosequencing analydeSIA microbial
samples from Exp.2 were amplified using modified fusion primer-2BKW and FLX519RV.
DNA Ladder 100bp (Promega). Samples were numbered from 1 to 18. Their origin soureerz
previously reported itable40. Sample 5-14-17 resulted positive only after performing anothe
PCR increasing DNA template volume from 10 pl to 21 pl and ampliioatycles from 35 to 38
(data not shown)

3.2.3.2.2 DNAQuantification

Summer experiment (First seaonal trial June-October 2014)

An ampliconof DNA concentrationsvasmeasuredisingNanoDrop are reported below in
(Table 41).

Table41. DNA concentration (ng/ul) detected via spectrophotometric method at 260 nm with NanoDropTM
2000/2000 C

Sample ID Concentration (ngd )
1 34.2

21.0

31.8

96.4

18.6

90.4

102.7

12 51.3

© o o b~ W N
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Spring Experiment (Second seasonal tridlarch-June 2015)

An amplicon of DNA concentrationsasmeasured using the Qubit® &fereported below in
(Table 42).

Table42. DNA concentration (ng/ul) detected via a fluorometric method with Qubit@ 3o@ometer(Thermo

Fisher Scientific)
Sample ID Concentration (ng/pl)
1 39.0
2 21.0
3 23.0
4 44.4
5 22.0
6 54.5
7 45.5
8 38.0
9 58.0
10 22.0
11 28.6
12 45.0
13 22.0
14 15.0
15 51.0
16 52.0
17 27.5
18 46.0

3.2.3.2.3 Pyrosequencingnalysis

Summer experiment (First seasonal trial JuneOctober 2014)

Pyrosequencing analysis of \BlLregion ofthe bacterial16S rRNA genewas successfully
performed oreightsamples. SILVA taxa analysis carried out referring to $Stdall Subunit
rRNA DatabasgRef NR 123 datasd{http://www.arbsiIva.de/proiects/ssref—nr/. 108394

DNA sequencesvere read throughout decomposition from the samples of thectvasen
carrionscombined.13099sequences identified as thendgest reference sequences of an OTU
(Operational Taxonomic Units) with 98% identity threshol®313 were clustered, i.e.
members of an OTU having <100% identity to OTU reference, 21301 were replicates, i.e.
LGHQWLFDO 278 PHPEHUYV V hifitytel QTJHelernaeydr QTU memieG H
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sequenceln addition,3424low-quality sequencemcluding3421badlengtrs, 1 bad alignment
and2 homopolymes were sorted out during quality control and haweeenterecclassification

steps. All read sequencesere divided in (Classified) or (No Relative) no match in the
database was found because of too short length or becaysevéine chimericsequences
(Table 43).

Spring Experiment (Second seasonal trial Marchlune 205)

Pyrosequencing analysis of \Blregia of bacterial 16S rRNA gene successfully performed
on 18 samples. SILVA taxa analysis carried out referring to SSU Ref NR 123 dataset

http://www.arBsilva.de/projects/sstef-nr/).86562 DNA segences read throughout

decomposition from the samples of the two chassmionscombined and 13690 sequences
identified as the longest reference sequences of an OTU (Operational Taxonomic Units) with
98% identity thresholdb8744were clustered, i.e. merats of an OTU having <100% identity

WR 278 UHIHUHQFH ZHUH UHSOLFDWHY L H LGHQWLF
identity to OTU reference or OTU member sequence. In additiors, [68/7quality sequences
including 6548badlengths, 15 bad aligment identity 8 bad alignment quality3 ambiguous

and 2homopolymes were sorted out during quality control and have not entered classification
steps.All read sequences divided in (Classified) or (No Relatiivap match in the database

was found becae of too short length or because they were chimeric sequencesjulatity
sequences have not entered classification step Classified Now&é€Table 44).
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Table43. Analysis results. The final status of sequences. A numheads classified as a reference, clustered, replicate and low quality sbatentefer both to total
project and to each sampl® sampe is thesameaslisted intable 39

sample ID total no. of reads reference % of total reads = clustered % of total reads  replicate = % of total reads = low quality = % of total reads

Total project 108394 13099 12.08 76313 70.40 15558 14.35 3424 3.16
1 16095 954 5.9 12561 78.0 2523 15.7 57 04
2 14600 1751 12.0 10958 75.1 1686 11.6 205 14
3 13940 770 5.5 10179 73.0 2819 20.2 172 1.2
4 17804 1558 8.8 12109 68.0 3933 221 204 1.2
5 7051 605 8.6 3441 48.8 423 6.0 2582 36.6
6 13018 1300 10.0 8747 67.2 2849 21.9 122 0.9
9 12695 3575 28.2 8385 66.1 685 54 50 0.4
12 13191 2586 19.6 9933 75.3 640 4.9 32 0.2
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Table44. Analysis results. The final status of sequences. A nhumber of reads classified as a reference, clustered, replicgtektydsloown Data refer both to total
project and to each sampl® sampe is theassamdlisted inTable 40.

sample ID | total no. of reads reference % of total reads = clustered % of total reads replicate % of total reads low quality =% of total reads

Total project 86562 13690 15.8 58744 67.9 7552 8.7 6576 7.6
1 5534 541 9.8 4139 74.8 463 8.4 391 7.1
2 4657 546 11.7 3426 73.6 539 11.6 146 3.1
3 4505 839 18.6 3375 74.9 257 5.7 34 0.8
4 4248 381 9.0 3287 77.4 559 13.2 21 0.5
5 6381 618 9.7 3953 62.0 445 7.0 1365 21.4
6 4575 1217 26.6 3039 66.4 249 5.4 70 15
7 4647 715 15.4 3506 75.5 393 8.5 33 0.7
8 4909 913 18.6 3316 67.6 217 4.4 463 9.4
9 4855 1349 27.8 3105 64.0 377 7.8 24 0.5
10 5300 638 12.0 3312 62.5 672 12.7 678 12.8
11 3801 553 14.6 2543 66.9 211 5.6 494 13.0
12 4526 764 16.9 2997 66.2 237 5.2 528 11.7
13 4810 525 10.9 3402 70.7 856 17.8 27 0.6
14 6194 1084 17.5 2803 453 148 2.4 2159 34.9
15 4385 965 22.0 3059 69.8 284 6.5 77 1.8
16 4914 470 9.6 3547 72.2 880 17.9 17 0.4
17 4461 436 9.8 3370 75.5 635 14.2 20 0.5
18 3860 1136 29.4 2565 66.5 130 3.4 29 0.8
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3.2.3.3 Microbial Community Classfication

3.2.33.1 Phylum L evel Analysis

Summer seasor?014experiment

Looking at the phylum level, there was a significant difference in taxon relative abundance of
bacterial communities among active decay std§é.60 ADD) and body region. Four main

phyla of bacterial communities were found among the analysed carrion samples throughout
decomposition using 45dyrosequencing. The Phylum relative abundance of these four groups
ZDV FDOFXODWHG UHJDUGOHVYV RI FDGDYHUVHe pB® GLWL
represented higher than 2% of the total of the relative abundance were included, Proteobacteria
was the dominant phylum (67%), followed by Firmicutes (16%), Bacteriodetes (12%), and
Actinobacteria (5%). Whereas, the phyla which presented laes2t (Rare taxagccounted

for 1 % of the total relativabundance acros&tive decay stage of the decomposition.(6R).

Figure62. Bacterial communityelative abundance at a phylum taxonomic level with rare taxa at <2Rkive
abundance on decomposing rabbit carcasses over active decayl@5BD).

The effect of fur was investigated as a factor affectingpdsmortemmicrobial communities
as follows; first, potential differences postmortemmicrobial communitiesvere observed
according to the absence or the presence of the fur. The analysis results of studied body regions
were combined aiming to compare between with fur and withowafwionsduring the active

decay stage. The Pattern distribution among the foain phyla was kept as previously
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described only in F condition, Proteobacteria was the most abundant phylum (71%). The second
most abundant bacterial group was constituted of Firmicutes (18%) followed by Bacteroidetes
(6%) and the less abundant group Watinobacteria (5%)Whereas in NF condition the most
dominant phylum was Proteobacteria (63%), followed by Bacteroidetes (18%), Firmicutes
(13%) and Actinobacteria (5%) (Fi§3). The results of this analysis showed that there was no
significant differece between bacterialF R P P X Q Ldstiibdt\o§i between F and NF
conditions at phylum level in the same stage of the decompoStien7.279, df =4, p0.121).

Figure63. Absolute effect of the fur opostmortembacterial comm@Q LWLHVY GLVWULEXWLRQ DW ¢
level. Condition (NF) refers toarrionswithout fur, (F) refers to carrion with fur, atth were analysed for
active cecay stage, at ADDLB5.60).

7KH FRPSDULVRQ EHWZHHQ WKH E D Fpérdihg nGhaRrdy PexianL W L H
during the active decay stage of the carrions decomposition showed the almost absence of
Actinobacteria in the oral cavity and theerfacesandcarrion regions. This taxoappeared

only in skin samples (Fig$5). Proteobacteaiwas the most abundant taxon in all the tredy

regions oral cavity, skin and interfasand samples with (66%, 55% and 81%) respectively. In

the oral cavity, Bacteroidetes was the second phylum (1@%)ved by Firmicutes (16%).

On the contrary, irthe interfacesandcarrion samples Firmicutes was the second phylum
(10%), followed by Bacteroidetes (9%). Firmicutes alssthe second abundant phylum in
skin samples (21%), followed by Actinobacteria (14%), and Bacteroidetes was presented
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relativdy low level (9%) (Fig 64). Thestatisticalanalysisresultshoweddifferencein bacterial
F R P P X Q distfibudidghfpattern at the phum level between body regioiix2 = 51.082, df
=8, p=0.000).

Figure64. Phylum relative abulanceduring active decay stageusterisation is shown depending thie body
region in carrios with and withaut fur, which was consideredgetherin each region

Furthermore, two combined conditions were analysed in order to evaluate the effect of the
humidity and the environment outside the carrions bacterial distribution. In the first case,
relative abundances of phyla detected in the oral cavity and intesdacearrionssamples

were considered together as wet environment condition. They werecongpared to the
relative abundance of the same phyla found in skin samples renamed as a dry environment
condition (Fig 65). While in the second case the relative abundances of phyla detected in oral
cavity were renamed as an Internal region, which waspaoed to the relative abundance of

the same phyla found in skin and interfsemdcarrions samples that were considered together

as an External region (RRg67, 68.

The results showed that a high degree of humidity negatively affected Actinobacteria
development in a context such as animal decomposition, especially during active decay stage.
On the contrary. The presence of the fur does not seem to affect phyla distribution within the
same decomposition stage. There was no difference found betweenabdttibution
colonising thecarrionsF and NF onditions at the phylum level,vereashumidity (=water

content)could cause the absence of some phyla within the same seasd@b)Fig
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The statistical analysis result showed significant differerafele phylum relative abundance
betweenwet and dry conditionsverthe decomposition proceés? = 18.845, df =4, $0.000)
(Fig. 66).

Figure65. Humidity effect on phylum relative abundance. Phylum relative abundance clusterssetiom
depending on both body region and the presence of the fur. Condition (NF) refers to carrions without fur
condition, (F) efers to carrion with fur. Wetheironment= bacteria developed in the oral cavity and under the
carrions at the interface. Drynéronment= bacteria developed in the skin

Figure66. Humidity effect on phylum relative abundance. Phylum relative abundance clusterisation shown
depending on the environmental condition. Wet environment= bacteria develdpedial cavity and under
the carrions at the interfacand. Dry environment= bacteria developed in the. skin

,Q RUGHU WR LQYHVWLIJDWH WKH HQYLURQPHQW LQIOXHC
on decomposing animal carrions during the activeagein the sample of carrions with fur
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Proteobacteriavas the most abundant phylum in both internal and external conditions with
(78%), (53%) respectively. In NF conditions. Proteobacteria was also the most abundant

phylum in internal and external sampleith (54%), (58%) respectively.

Internal NF samples contain (22%) of Firmicutes, which is 7% more than the percentage of
Firmicutes developedutside ofthe same animal (15%). On the contrary, in F condition
Firmicutes were (27%) in external, whereasyevgl0%) in internal samples. Bacteroidetes
were 24%, 12% in NF and F in internaindition samples respectivelyhereas, irmnexternal
condition Bacteroidetes werdecreased in NF and F to 12% &B6lrespectively. A different

phyla distribution patterwas observed during the active decay due to the condition of samples.
Actinobacteria were found tocoloniseonly the external body region of the animals with and
without fur with (12% each) (Fig67).

The results showed that the environmental conditiangdchave important effects on the
presence of some bacterial communities in places that exposed to the environment conditions
(Skin+ interfacesandcarrion) than others$tatistical analysishowed significant differences
between internal and externalendronment Phylum relative abundanceluring the
decomposition stagéX? = 19.49, df =4, 0.000)(Fig 68)

Figure67. Environment effect on phylum relative abundance. Phylum relative abundance clusterisation shown
depending ondth body region and the presence of the fur. Condition (NF) refers to carrions without fur
condition, (F) refers to carrion with fur. Internal region = bacteria developed in the oral cavity. External region =

bacteria developed on the skin and under #reasses at the interface with sand
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Figure68. Average of phylum relative abundance clusterisation shown depending lood$heegion Internal
region = bacteria developed in the oral cavity. External region = bacteria develogeziskin and under the
carcasses at the interface with sand

Also, for more information about the changes in microbial community distribution during the
decomposition stages. Two samples from the intergaoglcarrion for both F and NF
conditions atthe end of the decomposition process (dry remains stage) were analysed to
compare with the same location samples in the early stage of the decomposition process (Active
decay stageFig. 69). The results showed significant differences in the distribygaitern of

the bacterial communities at the phylum levieéach stage samples regardless of fur condition

(X2 =89.322, df =4, $0.000)(Fig. 70).
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Figure69. Bacterial communities at the ployh level. Values are shown fortérfacesand carrion F and NF
samples wver active @ca/ (135.6 ADD) and the advancedydstage of the decomposition (1901.3 ADD)

Figure70. $YHUDJH RI EDFWHULDO FRPPXQ L Wdf tHairffetatedaidcbrEod ¥ainRe3 DW S K
regardless ofF or NFconditions during active decay stage (135.6 ADD) arydsthge (1901.3 ADD)
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Spring seasor2015experiment

The experiment carried out in spring 2015 and the sampling days were at three main points
duringthe decompason process, ataive decay stagés0.10 ADD), advancel decay stage
(294.10 ADD) and dly remains stage 85.30 ADD) as a variation was observed between the
stages in the experent carried out in summer 2014.

The major phyla associated with the cadasamples detected throughout decomposition
process using 45gyrosequencing were Proteobacteria as the most abundant phylum (43%),
Firmicutes (41%) the second abundant phylum, Bacteroidetes (14%) and Actinobacteria (3%).
These phyla were represented 2% kigtinan of the total relative abundance, and there were

no rare taxa (Figrl).

Figure71. Phylum distribution over the decomposition process during spring &ddériment

The effect of fur on the phylum distribution during tberrions decomposition process was
investigated, Kig. 72) and the statistical analysis showed no difference due to the presence
absencef the fur wa found (X2 = 8.284, df =4,4©.081).
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Figure72. Absolute effect of the fuonpostmortemEDFWHULDO FRPPXQLWLHVY GLVWULEXYV
level. Condition (NF) refers to carrions without fur, (F) refers to carrion with fur

Figure (B) shows the phylum relative abundance of these four groups regardless of the carrions
conditions (F or NF) and body region. All the other minority taxa were represented less than
2% of the totalvere considereds rare taxa. During the active decay stage of the decomposition,
Proteobacteria was the most abundant phylum (68%), followed bwyickies (16%),
Bacteriodetes (9%), and Actinobacteria (6%). Whereas over the advanced decay stage
Actinobacteria was absent, Firmicutes increased to be the most abundant phylum (40%),
followed by Proteobacteria (38%), and Bacteroidetes slightly increaasdd %). During the

dry remains stage of the decomposition. Actinobacteria represented with low level (3%),
Firmicutes still the most abundant phylum (66%), Proteobacteria decreased (16%) than the

previous stage, butill the second abundant phylum anacBeroidées decreased to (8%).

7TKHUH zZzDV D GLIIHUHQFH LQ WKH EDFWHULDO FRPPXQL\
decomposition stages. Proteobacteria was the most abundant phylum at the earliest stage of the
decomposition and then decreased oved#dm®mposition process to the lowest level at the last
stage. On the contrary. Firmicutes increased over the decomposition process to be the most
abundant phylum at the last stage of the decomposition. In addition, Actinobacteria which was
completely absdnn advanced decayhe statistical analysis showsignificant differences in

the bacterialF R P P X Q distfibitidtfat the phylum levaluring the decompositiostages

(X2 =71.684, df =8, §0.000)(Fig. 73).
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Figure73. Postmortem EDFWHULDO FRP P XQ LpWlurd eVl viasansiysield FoXéive BeQaysiage,
at ADD 50.10 advanced decay stage; A[2D4.10and dy remain stage; AD[386.30

The effect of fur was investigated as a factor affectingptstmortemmicrobal communities

as follows; first, potential differences postmortemmicrobial communities were observed
according to the absence or the presence of the fur. Pattern distribution among the four main
phyla was kept as previously described only in NF ¢@rd During the active decay actually,

the dominant phylum was Proteobacteria (66%), followed by Firmicutes (17%). Bacteroidetes
(9%) and Actinobacteria (8%) (Fi@4). In F condition, Proteobacteria remained the most
abundant phylum (71%J)irmicutes wa the second most abundant bacterial group (16%),
followed by Bacteroidetes (9%). The lowest level abundant group remained Actinobacteria
(4%). On the other hand, during the advanced decay stage Actinobacteria wasnabstnt i

NF and F conditions.

The mat abundant bacterial group on NF condition samples was Firmicutes (59%) followed
by Proteobacteria (23%), and Bacteroidetes (17%). Whereas, in F condition samples,
Proteobacteria was slightly decreased but it is still the most abundant phylum (53%jedollo

by Bacteroidetes (25%) and Firmicutes (21%). During the dry remains stage, Firmicutes was
the most abundant bacterial granpboth NF and in F conditions 68% and 688spectively.
Proteobacteria was the second abundant bacterial group also on baiid NFconditions
(28%), (17%) respectively,oflowed by Bacteroidetes 9% and 8% NF and F samples

respectively. In addition, Actinobactenigere presenbnly in NF samples (6%) (Fig4).
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The Results showed that the fur does not affect the phylum distribwithin the same stage

except at dry stage where the Actinobacteria was found only in NF condition.

Figure74. Absolute effect of the fur opostmortemEDFWHULDO FRPPXQLWLHVY GLVWULEXV
level. Conditon (NF) refers to carrions without fur. Condition (F) refers to carrion with fur was analysed at
Active decay, advanced decay and Dry stage

The phyla relative abundance was analysed in order to detect potential differences depending
on the three differdrbody regions keeping the two basic conditions of analysis (without and
with fur) during the decomposition stages. The first noticed observation was the total or almost
total absence of Actinobacteria in the oral cavity at all stages of the decompasitidn
samples of the skin and interface between sand and carrions in F samples during the dry stage.
There was a difference in phylum distribution with the presence of the fur among carrions
during the initial phase dhe decomposition process (Bi@5, 76). Results showed that the fur

does not significantly affect the phylum distritmtiwithin the same body region.
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Figure75.EIITHFW RI WKH IXU RQ GLIIHUHQW ERG\ UHJLRQVYT PLFURELDO FF
Phylum relative abundance clusterisation shown depending on both body region and the presence of the fur.
(NF) refers to carrions without fur condition; (F) refers to the condition of carrions with and without fur.

The interseasonal comparison betweddii EDFWHULDO FRPPXQLWLHVY GL\
the body regions during the decomposition stages of the carrions showed that Proteobacteria
was the most abundant taxon in oral cavity and interdaoel carrion regionsvith 62% and

42% respectively. Fmicutes followed & second abundant phylum with 37% and 30%
respectively. While in skin region, Firmicutes was the most abundant taxon (58é#etbby
Proteobacteria (25%Pn the other hand, Bacteroidetes and Actinobacteria were represented
only on treskinand interfae-sandcarrion regions with 16%, 21% and 3% andré&pectively

(Fig. 76). The statistical analysishowed asignificant differencan bacterial FRPPXQLWLHYV
distribution between body regioasphylum level(X2 = 52.047, df =8, $0.000)
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Figure76. Phylum relative abundance during the decomposition stages clusterisation is shown depethding on
body regiorof carriors with and without fur, which was considered to gather in each region

In oral cavity sams, Proteobacterimasthe most abundant taxon with (100%) overdabgve
decaystage in both F and NF samples, there were not any other phyla presented. During the
advanced decay stage, Proteobacteria decreased to (82%), and it remains the most abundant
phylum in F samples, followed by Firmicutes by (18%). In contrast, Proteobacteria showed a
significant reduction to 22% in NF samples with Firmicutes phylum being the most abundant
(78%). However, in dry remairsgtage, Firmicutes phylum was (61%) still tnest abundant

in NF, followed by Bacteroidetes (22%), Proteobacteria (10%), and Actinobacteria (7%).
While in F samples, Firmicutes and Proteobacteria were the most abwittef#6% and 47%
respectively, followed by Bacteroidetes (7%hereasActinobaceria were not observed (Fig

73).

In skin samplesat the active decay stage, the pattern of the distribution of the bacterial
communities was converged between F and NF conditions. The most abtmdanivas
Firmicutes 41% and 47% F and NF respectivg| followed by Proteobacteria 31% and 35%

in F ard NF, Bacteroidetes wawesent with23% and15%in F and NF, and Actinobacteria

was represented in this region tble body with the lowest level 5% and 2% F and NF
respectively. In contrast, during thevanced decay stage, the pattern of the distribution of the
bacterial groups was different in F and NF samples. Phyla presented in F samples were
converged as following: Bacteroidetes (37%), Proteobacteria (34%) and Firmicutes (27%), and
Actinobacteria wasbsence. Ircontrast toNF samples, Firmicutes was the most abundant
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bacterial group with (89%), Proteobacteria (10%). Over the dry remains stage in F samples,
Firmicutes was the most abundant with (61%), followed by Proteobacteria (21%) and
Bacteroideteg16%). On the other hand, in NF samples Firmicutes was the most abundant
(65%), followed by Proteobacteria (20%), Actinobacteria (10%), and Bacteroidetes (5%) (Fig
77).

In interface sand carrion samples, Proteobacteria was the most abundant phylurf8244),

(63%) respectively in F and NF at active decay stage, followed by Actinobacteria (8%), (22%),
Bacteroidetes (4%), (11%), and Firmicutes was the lower with (6%), (5%). During the advanced
decay stage Bacteroidetes was the most abundant phylunB&4),((52%) respectively in F

and NF, followed by Proteobacteria as the second most abundant phylum with (42%), (37%)
respectively in F and NF, Firmicutes (18%), (9%), and Actinobacteria was very low with (3%)
in both F and NF samples. Whereas, at dry negstage, the pattern was different; In F samples
Firmicutes was the most abundant phylum with (83%), followed by Proteobacteria with (16%).
No other phyla were presentaifhereas in NF samples Firmicutes was the most abundant
phylum with (65%), followed by Bacteroidetes (22%). Proteobacteria (10%)d an
Actinobacteria appeared with 7¢ig. 77).

Figure77. Identification of carcass microbial communities over decomposition usingyb4equencing. The
phyletic level taxonomic rative abundance of the microbial communities based orpgEgsequencing
between two types of carrion with and without fur over decomposition days during 2015. Rare taxa include any
phyla with, 2% of the total relative abundance.
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In order to evaluate thdfect of the humidity on the carriontherelative abundances of phyla
detected in the oral cavity and interfegandcarrions samples were considered together as wet
environment condition. They were then compared to the relative abundance of the ame phy

found in skin samples which renamed as a dry environment.

The results showed that a high degree of humidity negatively affected Actinobacteria
development in a context such as animal decomposition, specifically during advanced decay
stage. On the conina The presence of the fur in this analysis did not affect phyla distribution
within the same decomposition stage in most of the samples. However, there was a little
difference was actually found between bacteria distribution colonising the two diffgpest

of carrions at advanced decay stage in dry samples Bacteroidetes phyla were absence on NF
samples. In addition, at dry stage Actinobacteria only appeared in NF samples in both wet and
dry samples (Figr8). Thestatistical analysisf thebacterihc R P P X Q Ldistlibdtiwfof wet

and dry conditions during the decomposition process shewgedicant differencegFig. 79)

(X2 = 15.344, df =4, §0.004).

Figure78. Humidity effect on phylum relative abundance. Phylum relatwendance clusterisation shown
depending on both body region and the presence of the fur. Condition (NF) refers to carrions without fur
condition, (F) efers to carrion with fur. Wetnwironment= bacteria developed in the oral cavity and under the
carriors & the interface with sand. Dryneironment= bacteria developed on the skin air exposed
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Figure79. Humidity effect on phylum relative abundance. Phylum relative abundance clusterisation shown
depending on thenvironmentatonditions. Wet avironment= bacteria developed in the oral cavity and under
the carrions tthe interface with sand. Drneironment= bacteria developed on the skin air exposed

Furthermore, environmental conditions were analysed in order to evaluatffdbieof the
environment outside the carrions on the microbial communities. The relative abundances of
phyla detected in the oral cavity, renamed as an internal region condition, were compared to the
relative abundance of the same phyla found in skinrgedacesandcarrions samples, which

were considered together as external region condition&Bjg

&RQVLGHULQJ WKH HQYLURQPHQW LQIOXHQFH RQ WKH
decomposing animal carrions during the active decay Proteobactgative most abundant
phylum in both internal and external conditions in F and NF samples, it was (100% each) for
the internhcondition and (49%)56 %) respectively in F and NF. External NF samples contain
also (26%) of Firmicutes which were absenthainternal ofthe same animal. Bacteroidetes
(13%) and Actinobacteria (12%). In external F condition, the pattern was the same where
Firmicutes was (24%), Bacteroidetes (14%) and Actinobacteria (6%)3@jig

On the other hand, during the advanced detage, the pattern was completely different. In
the internal condition of NF samples, Firmicutes were the most abundant phylum (78%),
followed by Proteobacteria (22%), hereas, in the internal condition in F samples,
Proteobacteria were the most abunddaytymm 82%)and Firmicuteshe secon@18%). On the
contrary,on external condition of NF samples Firmicutes were still the most abundant phylum

(49%), followed by Bacteroidetes §%), and Proteobacteria (24%)hereas, in external
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condition of F samples rBteobacteria also were still the most abundant phylum (56%),
followed by Firmicutes (24%). Bacteroidetes (14%) and Actinobacteria (6%)3@ig

'XULQJ WKH GU\ VWDJH WKH PLFURELDO FRPPXQLWLHVY C
presented onlin external NF dry samples (9%). Firmicutes was the most abundant phylum in
internal and eternal NF samples with 78% and 63&spectively, followed by Proteobacteria

(20%) in internal condition. Whereas, in an external condition, Proteobacteria weeedhd s

phylum (15%), followed by Bacteroidetes (13%). On the other hand, in F samples in an internal
condition, Proteobacteria and Firmicutes were the most abundant phylum with (47%), (46%)
respectively, followed by Bacteroidetes (7%). Whereas in exteomalitton Firmicutes were

the most abundant phylum with (72%), followed by Proteobacteria (20%), and Bacteroidetes
(8%) (Fig 80).

A different phyla distribution pattern was observed during the decomposition stages due to the
condition of samples. Actinobesia were found to colonise only the external body region of
the animals with and without fur with different values. Btaistical analysisf the internal

and externalbacterid community distribution during the decomposition stages showed
significantdifferenceqX? = 30.513, df =4, $0.000) Fig. 81).

Figure80. Environment effect on phylum relative abundance. Phylum relative abundance clusterisation shown
depending on both body region and the presence of the fur. Con@llfymefers to carrions without fur
condition, (F) refers to carrion with fur Internal region= bacteria developed in the oral cavity. External region=
bacteria developed on the skin and under the carcasses at the interface with sand
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Figure81. Environment effect on phylum relative abundance. Phylum relative abundance clusterisation shown
depending on the regions. Internal region= bacteria developed in the oral cavity. External region= bacteria
developed on the skin and undee tarcasses at the interface with sand

3.2.3.3.2 FamilyL evel Analysis

Summer seasor2014 experiment

Over theactive decaystage the 11 most abundant taxonomic families associated with the
carrion samples detected using 4BAosequencingwere Xanthomnadaceae(24%),
Pseudomonadaceae (20%), Enterobacteriaceae (12%), Planococcaceae, Flavobacteriaceae
(11% each) Moraxellaceae (6%), Enterococcace&é),(dnd Brevibacteriaceae (2%jare

taxa taken together represented the 10% out of the(fagaB2).

However, the distribution ofthe families during the decomposition stages showed
Xanthomonadaceae (20%), Flavobacteriaceae (18%), Enterobacteriaceae (11%),
Pseudomonadaceae (10%), Moraxellaceae (7%), Planococcaceae (6%), Sphingobacteriaceae
(4%), Enterococaceae, Microbacteriaceae, and Brevibacteriaceae (3% each) and
Staphylococcaceae (2%). In addititimerare taxa were accounted (13%) of the total.(&8).
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Figure82 FDPLOLHVY GLVWULEXWLRQ RY Hbsitiwrkproceds Waxgriem igrbups R1 WKH
including families presented higher than 2% and other groups considered as rare taxa. Each one of them
represented less than 2% of the total.

Figure83. FDPLOLHVY GLVWULE X WiarRypcesy (adlive\dkddy @itth En® BeBrigg¥the interface
sandcarrionfrom thedry stagé.

The effect ofthe fur was investigated as a factor affecting the {mosttem microbial
communities as follows; firstly, investigating any potential differenoesulting from the
absence (NF) or presence (F) of the fur.

By observing the microbial F R P P X Q Lgvdwth @] the carrions within the same

decomposition stage, four bacterial families were predominantly noted. During this analysis,
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body region samples we considered together as part of a unique sampling. tBgeaxctive

decay in NF samples, the most dominant families were Xanthomonadacee (32%), followed by
Flavobacteriaceae (13 %), Planococcaceae and Enterobacteriaceae (11% each), Moraxellaceae
(7%), Enerococcaceae and Pseudomonadaceae (4% each), Bacteroidaceae (3%), and
SphingobacteriaceaeBrevibacteriaceae (2% each@n the other hand, in F samples,
Pseudomonadaceae was the most abundant family (34%). The second most abundant bacterial
group was Xantbmonadacee (13%), followed IBnterobacteriacea@2%), Planococcaceae

(10%), Flavobacteriaceae (7%), Moraxellaceae (4%), Enterococcaceae (4%), and both
Staphylococcaceae and Microbacteriaceae (3% each) and both were almost totally absent over

the active dcay in NF samples (Fig§4).

Significant variations in the distribution of bacterial families during this stage in both conditions
were noticed. For example, Bacteroidaceae and Enterococcaceae found only in NF, while
Microbacteriaceae, Staphylococcaceard Sphingobacteriaceae appeared in F during the
active decay. In addition, there was an increase in the level of Xanthomonadacee in NF
compared to the condition F during the same stage. Furthermore, an increase in the
SVHXGRPRQDGDFH D H fMcandarisv o MM TheQeRididds chud benalpful

indicator forthe estimation of PMI.

The statistical analysghowed significant differences between samples with and without fur at
thefamily level (X2=49.963, df =12, p 0.05) (Fig. 84)

Figue84 $EVROXWH HIIHFW RI WKH IXU RQ PLFUR Bkdani€ RRIPDUGIGW LHV T (
the ative decay stage of the decomposition. Family relative abundance clusterisation is shown depending on the
presence othe fur. Condition (NF) refers to carrions without fur condition (F) refers to carrion with fur. Rare
taxa cut off was at <2 %
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The effect of fur on the family level of bacterial distribution was investigated in three different
body regions during the aeé decay, the oral cavity of the carrion without fur was mainly
colonised by Xanthomonadaceae (51%), Flavobaceriaceae (18%), Planococcaceae (18%), and
5.31% of Bacteroidaceae. On the contrary, in the same body region of the carrion with fur,
Pseudomonadaae was the most abundant family (54%), followed by Enterobacteriaceae

(16%), Flavobaceriaceae (9%), Planococcaceae (6 %) and Moraxellaceae (68&)(Fig

At the interface between the sand in carrions without fur (NF), Xanthomonadaceae represented
(78%) ofthe total population of bacteria and Flavobaceriaceae was (17%). On the contrary, in
carrion with fur F samples Xanthomonadaceae represented only (13%) out of the total
population and Enterobacteriaceae (36%) was the most abundant family, followed by the
Moraxellaceae (26%). There was not any substadifigirence inI DPLOLHV Y GLVWULE X

on the presence of the fur in the skin samples g5g

The comparison among the body regions during the active decay stage showed that the level of
Pseudomonaxteae changed dramatically between the body regions. It significantly decreased
from (54%) in the oral cavity to (14%) in the skin and to (6%) in the interfaoel samples of
carrions with fur. In contrast to carrions without fur, this family presemtiarthe skin samples

with (8%) (Fig 85). Therefore, detection of Pseudomonadaceae could be used as an indicator

for PMI estimation.

Active Decay stage day 9 (135.6 ADD)

Figure85. The effect of the fur on different body regions. Family relative abundance clusterisation is shown
dependingon both body region and the presence of the fur. Condition (NF) refers to carrions without fur
condition, (F) refers to carrion with fuRare taxa cut off was at <2.%
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%\ LQYHVWLIJDWLQJ WKH GLVWULEXWLRQ RI IDPLOLHVY Ol
active decay stage regardless of carrions condition (with or without fur), the results showed that
Xanthomonadaceae was the mabundant in all body regions. Whereas, Bacteroidaceae
detected only in oral cavity samples (3%). In addition, Brevibacteriaceae, Microbacteriaceae
and Moraxellaceae appeared in the skin samples only. Enterobacteriaceae and Moraxellaceae
were variable in dierent body regions, and their highest values were (18%) and (13%) in
interfacesand samples. On the other hand, Planococcaceae and Pseudomonadaceae presente
heist values in the oral cavity and much lower values in both the skin and interface samples
(Fig. 86). The statistical analysis was performed and the result showed significant differences
between body regions (X2101.712, df =24, p- 0.05)

Figure86. Bacterial communities at the family level in different body regidatues are stwn for the body
region during active ecay (135.6 ADD) of the decomposition process, F and NF conditions her were considered
together in each body region

By comparing the microbial community distribution in different stages of the decamposi
process among the body regions over the active decay and the dry stage in isterface
samplessignificant differencesvere observed. During the active decay, Xanthomonadaceae
(78%) and Flavobaceriaceae (17 %) colonized carrions without fur. @onkrry, in carrion

without fur in the same body region, the main families found were Enterobacteriaceae,
Moraxellaceae, Xanthomonadaceae, and Enterococcaceae. In addition, Pseudomonadaceae

appeared only in these samples (6 %) .(81).

183



Whereas, duringthe dry stage, the pattern of the baele distribution was different
Sphingobacteriaceae, Flavobaceriaceae, Brevibacteriaceae, Microbacteriaceae, and
Staphylococcaceae mainly dominated this stage, whadtotally absentt the beginning of

the decompason procesexcepftfor the Flavobaceriaceae family which was only present with
(17%) in NF samples. In addition, Planococcaceae found only in F condition (4%) and
Xanthomonadaceae strongly decreased in NF carrions over the decomposition process in
interfacesandcarrion from (78%) to (5%) (Fig7).

The statistical analysis was performed using the average oimtbebial community
distribution in different stages regardless of the F or NF conditkigs88). The resulshowed
differences between diffemestages of the decomposition (X197.097, df =15, p 0.05).

Active Decay. 135.6 ADD Advanced Decay.1901.3 ADD

Figure87. Bacterial communities &miy level. Values are shown fomnterfacesand carrion F and NF saias
over active decay and the advanceg stages of the decomposition process
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Figure88. % DFWHULDO FRP P XQ lfamilyhevVel oGiwovdintstokiie idécQmip¥ition process,
active decay andrg stages.

Moreover, two conditions were analysed in order to evaluate the effect of the humidity and the
environment outside the carrions. In term of humidity effect, the relative abundances of families
detected in theoral cavity and iterfacesandcarrions were considered together as a (wet
condition). They were then compared to the relative abundance of the same families found in
skin sampling renamed as (dry conditiofe high degree of humidity negatively affected the

developmenbf Microbacteriaceae during the active decay phase 88)g

5HVXOWY VKRZHG VLJQLILFDQW GLIITHUHQFHYV an@dwywKH 1D
conditiors (X2 = 25.858, df =11, p-0.006)(Fig. 90).
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Figure89. Humidity efect on family relative abundance. Family relative abundance clusterisation is shown
depending on both body region and the presence of the fur. Condition (NF) refers to carrions without fur
condition, (F) efers to carrion with fur. Wetheironment= bactés developed in the oral cavity and under the
carrions athe interface with sand. Dryngironment= bacteria developed on the skin air expose

Figure90. Average of family relative abundance cluiation is shown depending environment condition.
Wet ewvironment= bacteria developed in the oral cavity and under the carrions at the inéttiesand. Dry
environment= bacteria developed on the skin air expose
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Whereas, in the environment effect, the relative abundances itiekadetected in oral cavity
renamed (Internal region) were compared to the relative abundance of the same families found
in the skin and interfaegandcarrions samplingthat were considered together as (External
region) (Fig91). By observing the envRQPHQW LQIOXHQFH RQ WKH EDF
development during the active decay, it was noticed that the oral cavity of carrions without fur
(Internal Region NF) contained (51%) of Xanthomonadaceae whereas it was (45%) outside the
same animal. Bacteradeae was almost absent in the same two conditions in carrions without
IXU 2Q WKH RWKHU KDQG D GLIITHUHQW IDPLO\fV GLVWL
decay due to the presence of the fur. However, Brevibacteriaceae was found to colonise the
external body region of the animal without fur only (F&f). The statistical analysis was
performed and the result showed significant differences between internal and external
environmentatamples (X% 34.972, df =8, p=0.000)(Fig. 92).

Figure91. Environment effect on phylum relative abundance. Family relative abundance clusterisation is shown
depending on both body region and the presence of the fur. Condition (NF) refers to carrions without fur
condition,(F) refers to caion with fur internal region= bacteria developed in the oral cavity. External region=
bacteria developed on the skin and under the carcasses at the interface with sand
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Figure92. Environment effect on phylum relative abundarfeamily relative abundance clusterisation is shown
depending on both body region and the presence of the fur. Condition (NF) refers to carrions without fur
condition, (F) refers to carrion with fur Internal region= bacteria developed in the oral E&séynal region=
bacteria developed on the skin and under the carcasses at the interface with sand

Spring season 2015 experiment

Over the decomposition, 85 families were taxonomically identified including other taxonomic
IDPLOLHVY JUR X $%s th&h2% o8tldHNe HoaMdndwere classified as a rare taxon.
Rare taxa represented (15%) out of the total. The most seven abundant taxonomic families
presented Percentage higher than 2% of the total relative abundance were Planococcaceae
(31%), Pseudmonadaceae, (19%), Xanthomonadaceae, (16%), Flavobacteriaceae (11%),
Bacillaceae, (4%) and both Micrococcaceae and Alcaligenaceae (2% Raxh}axa taken
together represented the (15%) out of the {&t@. 93).
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Figure93. Ta[RQRPLF IDPLOLHVY GLVWULEXWLRQ RYHU WKH ZKROH GHFR
including other groups were clusterised as rare taxa. Each one of them represented less than 2% of the total.

During the active decay, Pseudomonadaceae was the radstpnant family (54%) followed

by Planococcaceae (11%), Flavobacteriaceae (7%), Micrococcaceae (5%), Xanthomonadacee
(4%) and Enterobacteriaceae (3%). While duringatieanceddecay stage, Planococcaceae
became the most abundant family (34%) followed Manthomonadacee (32%),
Flavobacteriaceae (19%), Alcaligenaceae (3%) which was not present on the previous stage,
and finally Enterococcaceae (3%). During the dry stage, Planococcaceae increased reaching
(48%) and still the most abundant family, followedXgnthomonadacee (12%), Bacillaceae

as first present her in this stage (9%), Flavobacteriaceae (7%), Pseudomonadaceae (4%) which
was the most abundant at the active stage then absent in advanced decay, Staphylococcacead
(3%), Alcaligenaceae and Microbadtereae (2%) each (Fi@®4). The statistical analysis
showedsignificant differencesnthe IDPLOLHV | GdtwedhUieEXcanpBsiion stages

(X2 =205.645, 61=22, p=0.121).
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Figure94. Family taxonomic level relative abumace distribution of microbial community, which presented
higher than 2% oveht stages of the decomposition, active decay (65.30 ARDHreed decay (3080 ADD),
and dy stage (595.50ADD). Rare taxa cut off at <2 %

Among the analysed material, 85 fiéies were taxonomically identified, in addition to this
number, some taxa have not been assigned to any family (~10). The results obtained by
analysing the complete bacterial community allowed identifying 11 families with an occurrence
bigger than 2%. Pselomonadacea was the dominant taxon in the early phase of decomposition,
whereas Planococcaceae abundantly present at the end of the observation. Xanthomonadacease
family seemed to appear only in the second and final phases of the decomposition.
Micrococcaeae presented in the early phase whereas Flovobacteriaceae seemed to show a

constant presence in the communityingthe decomposition process (F85).

The statistical analysief therelative abundance of each kind of rabbits showed differences
betwea fur and without fur conditions (X2 14.372, df=7, p=0.044) (Fig 96) despitethey

werenat differentat thephylumlevel.
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Figure95. Absolute effect of the fur opostmortemEDFWHULDO FRPPXQLWLHVfor@rmiyy WULEXW
level during different stages of the decomposition. Family relative abundance clusterisation is shown depending
on the presence of the fur. Condition (NF) refers to carrions without fur condition, (F) refers to carrion with fur.

Rare taxa cut off as at <2 %

Figure96. Absolute effect of the fur opostmortemEDFWHULDO FRPPXQLWLHVY GLVWULEXMW
level over the whole of the decomposition. Family relative abundance clusterisation is shown depetiding o
presence of the fur. Rare taxa cut off was at <2 %
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By investigating the distribution damily-level depending on the body regions during the
decomposition stages regardle$she fur presence. The results showed that Planococcaceae
was the mostlaundant in Oral cavity and Skin regions (32%), (44%) respectively. Whereas it
was the third abundant in interfasand samples (17%), Pseudomonadacea was second
abundant irthe oralcavity and interface sand sampiegh 31% and 20%espectively, and

with 6% in the skinregion. In addition, Xanthomonadaceaere present with 24% and 13%

and 12%respectively irtheoral cavity, skin and interface sand samples.

Onthe contraryFlovobacteriaceaappeareanly in skin and interface samples with 14% and
18% regectively. Alcaligenaceagamily was found only in the oral cavity and interface
samples (3% each), Bacillaceae (4%), (7%) in the skin and interface samples. In addition, some
families were present only in one body region; such as Micrococcaceae (5%) and
Sphingobacteriaceae (2%) in interfaggnd samples, Enterococcaceae (2%) and
Enterobacteriaceae (3 %) in oral cavity regidlicrobacteriaceae (2%) was found only in skin
region (Fig 97). The statistical analysisesultshoweddifferencein the distributio pattern of
thebacterial ommunities between body regiof¢® = 95.192, df =22, p 0.05).

Figure97 % DFWHULDO FRPPXQLWLHVY GLVWULEXWLRQ DW WKH IDPLO
decomposition proces¥alues ae shown for the body region, F and NF conditions her were considered together
in each body regian
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The analysis of the single body regions is partially consistent with the general analysis. In fact,
in the early stage of the decomposition Pseudomonadaethe dominant taxon only in the
buccal level but despite being present in the other body regions. In contrast, Planococaccae was
the dominant taxon at the end of the process on the whole body. Xanthomonadacea shows a
significant presence on the secamtl third collection points but they are malaindant irthe

oral cavity than in the other body parts.

In oral cavity samples, Pseudomonadaceae was the most abundant family at the active decay
stage with (92%), (88%) respectively in F and NF conditioniiggp\ied by Enterobacteriaceae

(7%), (11%) in F and NF conditions, and thererenot any other families presented. During

the advanced decay, the pattern was completely deferent in F condition; Xanthomonadaceae
(80%) was the most abundant family, followdsy Enterobacteriaceae (9%), and
Planococcaceae (6%). On the other hand, in NF condition, Planococcaceae was the most
abundant family (84%), followed by Alcaligenaceae (14%), Xanthomonadd¢é&e and
Enterococcaceae (4%).

During dry remains stage, the fmh was different, in F condition, Planococcaceae and
Xanthomonadaceae were the most abundant with (39%), (35%) respectively, followed by
Pseudomonadaceae (7%), Flavobacteriaceae (4%), Alcaligenaceae (3%), and Bacillaceae,
Bacteroidaceae (2% each). Howeve NF condition Planococcaceae was the higher level with
(75%)and Xanthomonadaceae second (19%). @3}

In skin samples, at the active decay stage, the pattern was quite similar in families presented
with some differences in the values; Planococaacsas the dominant taxon in F and NF
samples with (31%), (36%) respectively. In F samples, Flavobacteriaceae was the second
abundant (21%), followed by Xanthomonadaceae (15%), Pseudomonadacea (6%), Bacillaceae
(4%), Alcaligenaceae (3%), Microbacteriac€a®), and Burkholderiaceae (2 %). Whereas, in

NF samples the second abundant was Pseudomonadacea (17%), followed by
Xanthomonadaceae, Flavobacteriaceae (11% each), Bacillaceae (7%), Sphingobacteriaceae
(4%) and Burkholderiaceae (3%).

During the advanced day stage, the pattern was different in F and NF, the families that
presented in F samples was converged as following Flavobacteriaceae (36%),
Xanthomonadaceae (28%), and Planococcaceae (23%). On the other hand, in NF samples
Planococcaceae was the mostiradant (84%), followed by Xanthomonadaceae 10.15% and

Enterococcaceae (3%in dry remains stage, the most abundeasPlanococcaceae in both N
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and NF samples with (42%), (49%) respectively. For theafplesthe second abundant
presented was Flavobadtareae (14%), followed by Xanthomonadaceae (9%), Bacillaceae
(7%), Staphylococcaceae (6%), Pseudomonadacea (5%) and Alcaligenaceae,
Carnobacteriaceae (2% each). However, in NF samples the other families were presented as
following, Microbacteriaceae (10%),Pseudomonadacea (8%), Bacillaceae (7%),
Flavobacteriaceae (5%), Staphylococcaceae (4%anthomonadaceae (3%), and

Enterococcaceae, Paenibacillaceae (2% each)98)ig

In interfacesandcarrion, the pattern of F and NF conditions was the same. Pseuadaceae

was the most abundant family over the active decay stage in F and NF conditions with 66.63%,
(52%) respectively, followed by Micrococcaceae in both F and NF as second abundant (6%),
(21%) respectively. Also, Moraxellaceae (5%), (6%) which gngsgented athis stage and in

this body region. Flavobacteriaceae (39%), (9%), Carnobacteriaceae (3%), (4%),

Oxalobacteraceae (2% each) (F8§).

During the advanced decay, the pattern was completely different. Flavobacteriaceae clearly

increased to becomled most abundant family (31%), (48%) in F and NF respectively, followed

by Xanthomonadaceae (38%), (26%), Planococcaceae (12%), (6%), Sphingobacteriaceae (4%),
(3%) and Alcaligenaceae (6%) was found in NF samples only, whereas, Erysipelotrichaceae

found inF samples only (Fi#8).

At dry remains stage, Planococcaceae was the most abundant with (48%), (34%) in F and NF
respectively, followed by Bacillaceae (30%) in F condition, Alcaligenaceae (6%),
Xanthomonadaceae (5%) and Pseudomonadaceae (3%). Othehd&and, in NF condition,
Flavobacteriaceae was decreased to the second abundant (19%), followed by Bacillaceae
(10%), and Staphylococcaceae (8%) which they were only found at this stage. In NF condition,
Carnobacteriaceae (4%) found in the earliest s{Agtive decay) and at the end of the
decomposition (Dry stage); Sphingobarteeae and Microbacteriaceae%{3each) and

Alcaligenacea showed a limited presence and decreased to (3%9g)Fig
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Figure98. The effect of the furmdifferent body regions. Family relative abundance clusterisation is stependingon both body region and the presence of the fur.
Condition (NF) refers to carrions without fur condition, (F) refers to carrion with fur. Rare taxa cut off was at <2 %
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Furthermore, two conditions were analysed in order to evaluate the effect of the humidity and
WKH HQYLURQPHQW RXWVLGH WKH FDUULRQV RQ WKH IDP
abundances of the families detected in the oral cavity andfaogsand carrions were
considered together as a (wet condition). They were then compared with the relative abundance

of the samdamilies found in skin samplesferredas (dry condition) (Fig99).

In the environmental case, the relative abundancesnufiés detected in oral cavity referred

as (Internal region) were compared to the relative abundance of the same families found in the
skin and interfacsandcarrions samples which were considered together as (External region)
(Fig. 101)). Results showedGLIITHUHQFHV LQ WKH IDPLOLHVY GLVW
decomposition stages between rabbits with and without fur. In addition, a high degree of
humidity negatively affected the development of Planococcaceae during the active decay phase.
The presencefdhe fur in this analysis seemed to have no effect on the family distribution
within the same decomposition stage except at advanced decay stage. The statistical analysis
showeda significantdifferenceof the relative abundancestween the wet and decpnditions

(X2 =27.544, df = 8, g 0.000) Fig. 100).

Figure99. Humidity effect on family relative abundance. Family relative abundance clusterisation is shown
depending on both body region and the presence of the fur. Con@ti§) refers to carrions without fur
condition, (F) refers to carrion thi fur. Wet evironment= bacteria developed in the oral cavity and under the
carrions athe interface with sand. Dryneironment= bacteria developed on the skin air exposed
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Figure 100. Average of family relative abundance clusterisation is shown depeodiBgvironment condition.
Wet environment= bacteria developed in the oral cavity and under the cartithesiaterface with sand. Dry
environment= bacria developed on the skin air expose

&RQVLGHULQJ WKH HQYLURQPHQW HIIHFW RQ WKH ED
decomposing animal carrions, the result showed significant differences over the decomposition
stages between the two conditions NF andl§o between internal and external samples. For
example, during the active decay the oral cavity of carrions without fur (internal region NF)
Pseudomonadaceae was the most abuiaaom with 88% while it was 34%utside the same
animal.In contrastin aninternal region F, Xanthomonadaceae was the most abuiaahaihy

(80%) thatwas ten times more than the valoutside the same animal (8%)aphylococcaceae

was almost totally absent in the two conditions (with and without fur) in active and advanced
decay, while it presented in external condition onhaatry stage in NF and F samples. In
addition, Moraxellaceae was found to colonise the external body region of the animal with and
without fur at active decay stage only. A different family distribugpattern was observed

during the decomposition stages due to the presence of the fur and state of samples (internal,
external) (FiglO1). The statistical analysis showetnificant differencdetween internal and
externalenvironmentabamples X? = 53.12, df = 9 p= 0.000)(Fig. 102).
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Figure101 Environment effect on family relative abundan&amily relative abundance clusterisation is shown
depending on both body region and the presence of the fur. Condition (NF)eefargdns without fur
condition,(F) refers to carrion with funternal region= bacteria developed in the oral cavity. External region=
bacteria developed on the skin and under the carcasses at the interface with sand

Figure102 Family relative abundance clusterisation is shown depending dmotheregion Internal region=
bacteria developed in the oral cavity. External region= bacteria developed on the skin and under the carcasses at
the interface with sand
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3.2.3.3.3 Compason of microbial community distribution between seasons

The statistial analysis showed significant differences between summer and speegns at
both levels, at thehylum level(X2= 18.848, df =4p = 0.00Q (Fig. 103) andat family level
(X2= 62461, df =14, p= 0.00Q (Fig. 104).

Figure103 Season effect on phylum relative abundance. Phylum relative abundance clusterisation shown
depending on the seasons during the decomposition process

Figure104 Season effect on family relative abundance. Family relative abundance clusteskation
depending on the seasons during the decomposition process
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4. Discussion

4.1. 3D reconstruction

Current 3D reconstruction and modelling methodologiegdality-based 3D documentation
and recording of small and large objects in different aspects have been developgithaisdd
using different methods and approacfi@sstinet al 2016, Schoning and Heidemargz015,
ZancajeBlazquezet al 2015)GomezGutierrezet al 2014, Niebneet al 2013, Santaga#t
al. 2013, Brutto and Meli, 2012, Izadt al. 2011) In regards to the crime scene invedima
traditional 3D reconstruction methods like laser scanner and total station are still unaffordable
for a lot of police forcegeg. developing contrie9 due totheir costs inflexible and often
require specialised knowledgend personel for processng the effective operationdn
addition there areproblens with transportationat some crime sceng®.g. high locations,
cave$ in which apower supplymayberequired withother accessori€&ig. 105) (de Leeuwe

+ R a Ref AL R016, Sheppardt al. 2017, Leipneret al 2016, Barazzettet al 2012,
Maksymowiczet al 2009, Colwill, 2016, Claiet al 2012) In terns of cost a cataloguef
differentbrandsprovided a rangef coss betweent3500 for old ad £76000 for a new laser
scanner and betwe€i3000and£31000 for thedtal station(Table 45).

Recently, the realistic 3D models have bermyated and obtaindidbm a small numbeof photos
using photometry approaches and computer software such as<Ch2@Boftware provided by
Autodesk.

Figure105 Laser scannata crime scene fixed on the tripod(#jth cablesand power supplin theindoor

scengB) and outdoor scene (C)
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Table4b. Cost ofsome knds oftotal station an@ laserscannein Dec 2017

Instrument

Leica Scan Station P4(
3D Laser Scanner

Demo Leica P30
ScanStation 3D Laser

Scanner (ea)

FARO Scanner
Freestyle 3D

LeicaNova MS50
Multistation CS15

Price (£)

76045.06

51069.48

8,310.00

16774.65

Information retrieved from

https://secure.fligeosystems.com/laser

scanners3d/leicascanstationp40-3d-laser
scannedca6009377/

https://secure.fltgeosystems.com/used

surveyingequipment/3daser

scanners/demteica-p30-scanstatiorBd-

laserscannerdemaop30

http://surveyequipment.com/fascanner
freestyle3d

https://surveyingepic.com/?88.leicva

ms50@1-multistationcsl5used
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Sokkia iX-1000 Series https://www.tigersupplies.com/Products/$
Robotic Total Statior 15989.77 kia-iX-1000-SeriesRoboticTotal
101230253 Station SOK10123033-.asp>
Topcon PS Roboti https://www.tigersupplies.com/Products/T:
Total Station 13751.20 conPSRoboticTotak

Station__TOP213067102.a3px

FARO Focus 3D S120 http://www.direcsurveystore.com/producis
Laser Scanner 8610.98 php?product=FAR&Focus3D-S120Laser
Scanner
FARO Laser Scanner http://www.directsurveystoreom/products|.
LS 880 3D Scanner 3504.04 php?product=FARE . aserScanneil.S-

880-3D-Scanner

Riegl LMS-Z420i http://shop.laserscannireurope.com/Rieg
Total Sation 31669.99 LMS-Z620-incl-accessoriesameraand
softwarg
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New technologes such aghe digital camera and newsoftwareare available on the market,
some othemareavailableonlinewith no cost involvedThese new tools can lappliedin 3D

reconstruction.

Amongthem 123D Catch is one of the freeftwareavailablewhich showvs a lot of potential

in 3D crime scene reconstruction. The limits of this softweeee tested in this study in order

to verify how it can be usedh crime scene investigation. The resudenonstratecthat the
number of photosequired to obtain the best result of 3D reconstruction models was specified

to be from 20 to 30 phot@sa minimum

At the begiming of theresearch, a limited number of photoand 1thave been used through
the modéding process. Subsequentiine numberof photos vasincreasedstep by steqntil a
complete 3D model was achieved. At the beginning,athaity of the 3D model was not
sufficient to provide a comprehensive platform for observing details, also, sonsedmale
distortion of the modekerenoted.

Significantly, the increase ia numberof photosusedhas led to the improvement of the 3D
model in general and the associated details, which were more readily measurable. A first
complete 3D model was achievetlem 20 to 30 photos were used, ahiga-quality 3D model

was obtainedAlso, the creation of complex objects nraguesthe utilisation of more photos

up to 70 depending on the object details or the size of the scene. According to a relevant study,
the 123D Catch software can facilitate the assembling of individual photos up to 70
simultaneously in one 3D mod@utnariuet al 2013)

Furthermore, the obtained results demonstrated that the quality of pictures and lighting
condition play a critical role in the 3D reconstruction models. It has been observed that the
difference in lighting degree between photos created mismatched linkage between the
corresponding photas a 3Dmodel due the variability in light intensity and the atances in
photo sides. Accordingly, thismphasiseshe importance of flastighting utilisation for

maintaining the light consistency between photos in the concerned cases.

The photos were imported onto to the desktop application without any extejuthgents or
arranging, which is one of the useful features of 123D Catch in comparison with some other
methods, which require calibration process of the photos in order to determine the camera
orientation and position before uploading.
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In addition, theesultsabout theaccuracy and reliability of both small and large scale provided
an evaluation of thperformanceof 123D Catch approach. The level of accuracy achieved was
acceptable which also were confirmed by the correlation analysis. Statisticallytraclase
agreement was close to one, on a small scale was 0.997 (N= 155); while in tiseddegeas
0.999 (N=73). These results were certaapyplicableto various aspectd.his confirms another
study conductedby (Ericksonet al, 2013)demonstrated thahe meanposition error was
rangingbetween0.7 mm to 8.5 mnwith 1.70 m In addition,other authorseported that the
general differencewith the control measurements were 3.5 mm, 1.7 mmp8win XYZ

respectively with 9 nfChandler and Fryer, 2013)

On the other hand, there are matlyeropen source softwasvailablethat can belownloaded

or utilised online. 123D Catch was compared with othetgrhetry methods based on images.
The comparison was based on processing timeaaodracy resultsAgisoft PhotoScan and
Photosynth were used to compare the outcomes with 123D Catchasoftesul. The
comparison demonstrated that the 123D Catch mettamtlicesighly detailedreconstruction

in a short time usingigh-quality photos.A skull was used to validate this poifthotosynth
software proved to be far less reliable than Autodes¥D Catch and PhotoScan in terms of
the level of the general result, as reportethatable(46). In fact, this was the only software
that failed to produce complete 3D models with all number of the exploited photos. These
resultsconfirm a previous sidy conducted byBartoA et al 2014)which demonstrated that
Microsoft Fhotosynth can provide an output of poor quality, contains many outliers and
scattered. Also, the overaktsultswere suppodd by another related study conducted (Be
Reuet al 2013, Kersten and Lindstaedt, 2012)

Table46. Result of applications comparis@fgisoft PhotoScan Photosynth and 123D Catch)

Software Speed Quality
PhotoScan Slow Good
123D Catch Fast Very good
Photosynth Very fast Not good

Considerably, these obtained results by the 123D Catch softwaregasobile technology

of 3D crime scene reconstruction, were compared with another common method used for the
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3D crime scene reconstruction, 3D laser scanner, as mentioned and demohygtsaiete

studies aseen in(Fig. 106).

Figure106. Smallscalescene gkull ) reconstructed by (A) laser scaniiBarazzettiet al 2012) and (B) by
123D Catch

Laser Scanning is a method used to obtain the 3D model of objects or surfaces in several
applications, such as land surveying, archaeology, architecturéhetprincipleof itswork is

that the Laser Scanner sends out a naassiimber of rays tthe scanned area and measures

the distance of the first object on its path to create a 3D vidwestanned area with a surface
accuracy up to 1 mm, depending on the selected frequency point, resolution, lighting and other
factors.In some kindsdr a complete image of all angles and sides, the scanner has to move
around the object, because the instrument can only see what is visible. These different scans are
connected after the scanning procedure in a computer pra@aner and Mills, 2007)in

addition, two officers must operate the devitiee device isnounted on a tripod at one part of

the crime scene with one investigator operating it. Another investigator takes imeuoted

prism and walks the scene placing the prism over evidence that needs to be measured
(Loguidice, 2012)

The 123D Catch software is considered to be a preferable selection in tercostof
effectiveness in comparison to the laser scanner, the 123D Catch requires less number of
operating personnel, only one person is required for operating all the software procedures
(Butnariuet al, 2013, Chandler and Fryer, 2018)n the dter hand, two or more persoaie
required for operating the laser scan(f@g. 107). Also, the 123D Catch is a free sufire

while the laser scanner is expensageseen iiTable45). Another point that makes 123D Catch

software superior to the laser scanner in terms ofefésttiveness is the lack of the presence
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of trained or experienced personnel for conducting thexation, in contrary with the laser

scanner instrument.

Figure107. Two officers must operate thaser scanner or total statiamne investigator operatingith the main
device Another investigatowith the rodmounteal prismmovingandplacing the prism over evidence that needs
to bemeasured A, B, C and D)(Galvin, 2011)

Additionally, the123D Catch is considered talbetime-savingapproach, the total time needed

for running this software is about-80 minues while the laser scanner needs a prolonged time
around 5 to 7 hour&Santagati and Ireillo, 2013) Also, Ericksonet al (2013)reported that

the time which was required for data collection and generation of the 3D model has been

reduced in comparison to other methods such as total station survey and laser scanning.

The 123D Catch softare is also considered to be more flexible as it can work with both small
and large size crime scenes in different condition. In contrast, the use of laser scanner is limited
to the small scale of the crime scenes while it is typicalijablefor the crme scenesn the

larger scaleln small scenarios where the scene developeal planar area, photogrammetry
method might providenoreuseful datgBarazzettiet al 2012)
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Ease of movement and operation of the 123D Catch are considered as added advantages for the
userather than the total station or laser scanner, the former technique is assod¢rategher
complexity during the system operation and impose difficulties in movement and location
shifting due to the presence of the associated appurtenances alongside with the prime instrument
(Ericksonet al. 2013)

Common conception, both methods the 123D Catch ankhs$ke scanner are capable of taking
measurements from the reconstructed 3D models with different degrees of accuracy, based on th
conducted research, the results obtained by the 123D Catch software demonstrated a high leve
of accuracy around £1 mm withim,andaccording tamothersupportive studythe 123D Catch
software provided accurate measurements with an accuracy of +2 mm withi(Gdmez
Gutierrezet al 2014, Dustinet al 2016) While, the laser scanner provides more accurate

measurements with £2mwithin 25 m(Santagati and Inzerillo, 2013, Barazzettal 2012)

In summary, the 123D Catch method is considered to be eeffestive approach to be
followed rather than the laser scanner in this scope. However, the laser scanner isecbiasider

be preferable in terms of accuracy of measurements recorded within the crime scenes.

While 123D Catclapproach better focuses aamallscale of scenes and details, laser scanning
gives out a more comprehensive viewtb& geometryof whole crime sene. Thus, both

techniques can be used together for recording a crime scene.

The 123D Catcimethodprovides a general model of the survey area in a very quick time and
in a very simple and inexpensive w# s demonstrated by the experiments carried othis
thesis, photometry can be used also to represent a cadaver or other body remaikg|].

From thisthesis 20-30 pictures analysed with an appropriate software allow for detailed

measures of the cadaver been taken.

This resultopers the doors tahe 3Drepreentationof the decomposition of a bodgs the
outputis anelectronicfile, it can be implemented with a lot of information from the bbkly
body massinjuries, insectsspecies decomposition phasesnd microbiological community,
etc. hfact, during thedecompositionthe body changes frothedifferentpoint ofview. shape,

size, colourthepresencef animals and presence microorganisms

Organismsandinsects have beenvestgated in recentyears in order to make aaccurag¢

estimation of the time siredeath.
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4.2 DecompositionProcessAnalysis

4.2.1 Fhysical Transformation

Documenting and identifying the bacterial communities associated with carrion is the key point
for applicability of the microbiome in forensic investigats. The microbiome can be used for
the PMI estimatiorandaswell for the evaluation ahebody transfer

The decomposition process and the microbial community associated with eaitagsesind
human cadavers nabe influenced by many factors sucheas/ironmental and individual
characteristics of thieodies (Parmenter and MacMahon, 2009, Campobas$st 2001)

In general, there are normally five stagethefdlecompositioprocessyhich are fresh, bloated,
active decay, advanced decay and skeletal idga et al. 2014) Severalenvironmental
factors canaffect the decomposition temperature, humidity, clothing, scavengers, soil,

arthropods and insts etc(Campobasset al 2001, Dautartas, 2009)

Coveringof the bodyis one of the factors, and Lovet al (2013) demonstrated that clothing
could slow the rate of decomposition in pig carcasses. In addition, Stuart (2017) reported that
the clothing and other body coveringwrappings have been observed to have a significant
effect on the decomposition rate and on the estimation of thermottm intervaivith human
cadaversDautartas (2009) also demonstrated that differences in the decomposition rate were
noted in human aavers between individuals, which were wrapped in different matefials

well as Capobianco(2017) demonstratethat, the clothing generally slowed the rate of

decomposition in human cadavers plaoedhe same site.

In animals, @ir can be considered asover astican insulatgprotect the animal and reduce the

water evaporation.

According to the literature,significant numbeof research groupsonductedxtensive studies
focusing on the major factors, which are contributing to the microbial conmiilnH V
proliferation during the decomposition process. There are no studies performed to investigate

the effect of fur on the decomposition ratel am the microbial communities.

The results obtained in this thesis show similarity ot#heomposition stagedetweemnimak

with and without fur. The observed stages were including the fresh, bloated, active decay,
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advanceddecay, and dryemainsfor both summer and springeasons with the minimum

difference due to time vaiion.

Our decomposition stages folled the pattern observeg (Hauet al 2014)in other models

like pig and human.

The resultingdata of this research was similar to éevant scope study conducted under
different models and conditions. Matuszewski (2008) reported five stages of decomposition
were recognized in pig carcasses: fresh, bloated, active decay, advanced decay, and remains
stage Goff (1993) demonstrated thattipattern observed was following the division into five
stages of the decomposition in human cadavers. Furthermore, Beah#&P014) also stated

that the decomposition progress was classifigfiesh, bloat, active decay, advanced decay

and dry stagem swine carrion. While Carteat al (2007) demonstrated the six stages (Fresh,
Bloated, Active Decay, Advanced Decay, Dry, Remains) in pig carcasses. Mo(Eowarek,

2003) demonstrated that the stages of decomposition observed in rats have been divided into

four stagesfresh, bloated, decay and dry.

Accordingly, some studigadicated that covering the body can affect the time interval of the
decomposition rate, througshortening or prolonging the duration, as demonstrated in a
conducted comparison of different corpses exposed to specified environmental conditions as
elucidated by Centengt al, (2002)and Stuarand Ueland2017).

Therefore, the aim of these experirtsanasto investigate the effegbf fur as a contributing

factorthat can affect the decomposition rate andcthent of microbial communities.

According to the results obtained, there were no significant differences observed in the rate of
the decomposibn process related to the fur factwhen comparetb thepreviouslymentioned
studies, which were concerned in studying andnning other kinds of coveesg. clothing,

bedding, plastic sheeting
We camolongerconsider the fur as a barriewards hedecreasing the rate of decomposition.

The seasons anotherfactor, which may affect the decompositiomprocess;as it was
demonstrated obothpig and human cadavers. Basedesearch conductethe yielded results

have shown that the decompositionralbbits in spring season was prolonged due to the low
temperature and the high moisture content in the environment. In contrast to the summer season,
due to the elevatemperature in summer 2014hich on average was warmer thspring

2015 with lower relative humidity levels. Based on a relevant supportive study, the carcass
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decomposition prass in summer season W&§ timeslongerthan in winter seasonyhich
supportsvhat has been reported in other studi¢ygdeet al 2013, Johnsoat al 2013, Meyer
et al. 2013) Moreover, the variation could be due to the differeltservedn insect activity,
which is affected drastically by the temperature degree and the relative humidity throughout the

seasons.

In regards to the loss in body weight, the major attribution to this cascaded is dussethe

activity and the rate of water evaporation and body fluid chemical deprivation. Additionally,
IOHVK UHPRYDO ZKLFK LV D FRQV HrsxarMeQders. RcbodhyiytRéeV vV I C
boxes have been exploited during this research in order to exclude the factor of the flesh loss
through preventing the pliferation of scavengers (biattivity). Wherefore, it is clear that the

most of the weight loss durih ERWK VHDVRQV ZDV GXH WR WKH LQVHF
decay stage, and the rest of weight was lost during the dryness of the flesh and water

evaporation.

There was ndifference inweight loss observed between rabbits with and without furghvhi

both retained the same pattern in each experiroentlucted in each season. The carcasses lost

the majorityof thear ZHLJKW GXULQJ WKH DFWLYH GHFD\ VWDJH DV
seasons. During the summer experiment, the carcasseddsaaminor amount of weight

during the first week; and logthe majorityof the weight during the active decay stage in the
second and the third week, and the weight remained stable during the fourth week. While, in
the spring season, the carcasse®shightly lost weight during the fresh stage until the start of

the colonisationin the active decay stage, where the carcasses have lost most of their weight
due to the insects' activity. Then at the advanced decay stage, the carcasses lost more weight
until the dry stage, where the weight was stable because the carcasses became very dry as no
more tissue or fluid was being lost. The decomposition and pattern of insect succession were

not very different in both seasofiSyeremateret al. 2006)

4.2.2 InsectdActivity

Insects are the priany fauna associated with carrion and are considered most important in
recycling this organic material back into the ecosystem. Species in the ofd@ptera and
Coleoptera are the most important and abundant groups of insects associated with carrion.

Insect coloniation of carrion is dependent on many factors. Each geographical region is
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characterised by its season, temperature, humidity, habitat, vegetation, soil type and

environmental condition&Gill, 2005).

Entomological data that were collected during the summer and spring experiments were

illustrated the same taxa nearly were present eXBaptera Muscidag|Hydrotaegwhich was

presented only throughout the summer experinf@itowing a study performed b§Arnaldos

et al. 2004) has confirmed thppeciegn this genus aractive between June and October.

Furthermore, only one sample loficilia sericata(Calliphoridae) wagletectedn the spring
season, which is due to the low temperatur@verage. A supportive study lyaroneet al
2011) has reported th&t sericatahasan increase growtlateduring the higher temperatures.
Also, (Pitts and Wall, 2005demonstrated that #5 % of theL. sericatg larvae and pupae die

over winter and spmnig seasons.

Entomological data for the first experiment revealed the presence of Diptera Calliphoridae

(Lucilia sericata, Calliphora vicina, Protophormia temaovag, Muscidae |fydrotaeg

Sphaeroceridad_éptocera caenosa, Coproica vagans, Coproica hirticula, Coproica hjstula
andPiophilidae Allopiophila vulgarig, Hymenoptera Pteromalidalgsonia vitripennisand
Coleoptera CleridaéNecrobia rufipesand Dermestidadgermestes lardarids

During spring experiment, four families Diptera Calliphoridae, Muscidae, Piophilidaad
Sciaridag, one of Hymenoptera(Pteromalidae) and one @oleoptera(Cleridag were
collected AmongCalliphoridaeC.vicina, andP.terranovaewere sampled.

In fact, differences in colonisation times were observed only in the spring experimentsanimal
without fur were colonised two days before animals with fur. While no significant differences
were observed in the summer experimé@hie season couldaveaffeced WKH LQVHFWY{V D
and the spread dhe decompositionvolatiles As expected, withiryears, insect succession

patterns changed on a seasonal time scale influenced by climate change.

4.2.3Metabolic Microbial Community Profiles (MMCPs)

The analysis of bacterial community functional diversity, metabolic potential, is extremely
important fo understanding the role of microbial communities in different environments.
BIOLOG plates based on different carbon sources are now widely used to assess the functional

diversity of microorganisms from environmental samg&tefanowicz, 2006)
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There were notable chagg in the microbial community functional diversity during
decomposition recorded under environmental factors. For describing the microbial community
metabolic profiles throughout carrion decomposition. Biolog EcoPlaesdifferent carbon
sourcegPechakt al 2013a) andthe metabolic profiles were used as a potential surrogate for
identifying the functional diversity of microbial community changes awee on carrion

decomposition.

Theexperimentatesults showedifferences in the functional diversity of bacterial community
(p=0.000)within different body regions (oral cavity, skin amitarfacesandcarrion). The
microbial community was observéal belessactive in skin samples duririge decomposition

in both rabbits with and without fysotentiallydue to the dry environmenCostelloet al

(2009 demonstrated that the levellEcteial F R P P X Q divdrkityin fumarskin sitesvaries
dramatically over timeand itis driven by differences in skin environmental characteristics
While across the oral cavity samples, it was higher and more variably active from the second

week until tle fourth weekn rabbits with and without fur.

Whereas, irthe interfacesandcarrion samples, more activity occurred during the process of

the decomposition when compared with other samples collected from other regions, which
could be due to theontent & water present in this location as reported bgrdan and
Tomberlin (2017 and byMetcalf et al (2016) The obtainedesults arén agreement witla

study conducted bydyde et al (2013) which demonstrated the variation RRPP XQLWLHV
structure betweedifferentsample collection sites within thedyand betweetheinitial and
theendpointf the bloat stagéor a specifidody-samplingsite.

In addition, this result issimilar tothe outcome of a studyerformedby Pechalet al. (2013a)
which wasreported, STherewere significant differences in MMCPs over decomposition and
between sapiing regions (buccal and skin)

Based on this conducted reseatblere were no differences found in a variety of results among
the presence of fur during the seasdndoth summer and spring experiments, the functional
diversity of the bacterial communities for (F) and (NFD E Bdnwli&sfwvas followed the same
pattern of activity and variety in each season. However, there atm@rvable significant
differencesin functional diversity between the seasons. The period of activity of the spring
season was slightly longer than the summer season associated with défezksraf functional

diversity.
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The obtained results have been supported by findings of a relevdn{RBechalet al 2013a)
have concluded the absence of significant differences in MMERINg seasons and the
VHDVRQDO YDULDWLRQ RI PLFURELDO FRPPXQLWLHVY IXC

proliferative and more variable imparison to the other seasons.

Furthermore, the analysis of the functional diversity of bacterial contyngshbwed a big
variability depending on the decomposition stages. Limited functional diversity was observed
at thebeginning of the decomposition (fresh stagedl at the eshof the decompaosition process
(dry stagejpnd the maximum level of the functioneads recorded during the active decay stage.
This is similar to the study bfpechalet al, (2013a)demonstrated significantly different
metabolic profiles over decomposition stages for carrions in spring and summer sbBasons.
addition a study byMetcalf et al (2013)showed thathe postmortem microbial community
changes are dramatic, measurable, and repeatable in a mouse model system over the
decomposition. Alsofinley et al, (2014)reported that the bacterial community composition
changes significaly and consistently over the course of decomposition of the mouse rtodel.

is worth mentioning thathe functional diversity of bacterial community associated with soll
beneath humaoadavershowssignificant differences ovehedecomposition procegEinley

et al 2016)

It can be concluded th#te obtained results this thesis are in agreement with oterdies

by (Metcalf et al 2016, P&inson, 2009, Cartegt al 2015, Pechagt al. 2013b) significant
differences in P L F U Rdeiivifity functional diversity (MMCPs) were noted during the
decomposition stages within and among seasons.

4.2.4Bacterial Community Classification

0L F U R Eommdinity plays a critical role in the organic matter decomposition, which
contributes to energy and nutrierdrisformation in every ecosystéRechalet al. 2013a) As
previously discussedhe bacterial functional diversity during the decomposition process,

between the summer and spring seasons on rabbits with and withbas foeen conated

Furtheranalysisvas performedo investigate and classitiie bacterial communities associated
with the carrions The bacterial communities collected during the summer and spring

experiments were analysed at both phylum and family taxonlewetsas defined byWang
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et al. 2007, Pechatt al. 2013b) Attention was paid to thdifferent bodyregionsof the rabbits

e.g. mouth, skin, under the bodgd to the diffenet stages of the decomposition.

4.2.4.1Phylum Level Analysis

During the decomposition, the most four abundant phyla hbee beendetectedincluded
Proteobacteria, the dominant phylum, FirmicutBacteroidetesand ActinobacteriaThese

phyla showed substantial shifts in relative abumtgaover the decomposition process with
significant difference among sampling days and body regionstli@@lecomposition process
Differences were observed as waat WKH VHDVRQfVY OHYHO VXPPHU H
experiment).The statistical malyss of the resultshowed significant differences in bacterial
community distribution and relative abundance between summer and spring seasons
(X2=18.848, df =4, = 0.000) (Fig103).

The results from these experimentsrecompatible withthe results obtaed byPechalet al
(2013b) Accordingto this author,there was a significardifferencebetween phylum taxon
richnessand relative abundance patteover thedecomposition. Proteobacteria was the most
abundant phylum followed by Firmicutes, Bacterimdeand Actinobacteria with significant
differences between the stages of the decomposition on swine caPguhslet al (20133,

also have reported these phyla in another stidythermore Hyde and colleagues(2013,
2015) reportedthat the most sirtar phyla associated with human cadavers during the

decomposition process were Proteobacteria, FirmicBaderoideteand Actinobacteria.

Similar results were also obtained dyother study bi?echal and Benbawy2016)working on
salmon carcass. Theauthors showethatthe mainfive phyla observed wergctinobacteria,
Bacteroidetes, Firmicutes, Proteobacteria and Tenericutes, and the most common phyla among

all individuals were Proteobacteria, Firmicutes and Bacteroidetes.

In addition the effect of he environmeratl conditionsanalysis showedignificant differences

of bacterial communities in taxon richness and relative abundance patterns through the
decomposition process between wet and dry condiiioreach seasofilables. 47, 4§. In
addition, statistical analysis was performddr internal and externadamplesand the result

showeda significant differencen each seasofTables. 49, 50).
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Hydeet al, (2015)demonstrated th#tere was ahange in community structurerfall samples
collection siesincluding themouthsampleswhich is the internal region, and cheeks, which is

the external region.

Table48. Humidity effect on jhyla distributionover
the decomposition process ipring 2015

Table47. Humidity effect on pyladistribution over
the active decay stage in summer 2014

Phyla Wet Dry Phyla Wet Dry
Actinobacteria 0 14 Actinobacteria 3 3
Bacteroidetes 13 9 Bacteroidetes 11 16
Firmicutes 13 21 Firmicutes 34 55
Proteobacteria 73 56 Proteobacteria 52 25
Rare taxa<2% 1 1 Rare taxa<2% 1 1

(X2 = 18.845df =4 and p0.000)

Table49. Environment effect onhgyla distribution
over the active decay stage in summer 2014

(X2 = 15.344, df =4 and$0.004)

Table 50. Environment effect onhyla distribution
during the decomposition ippeng 2015

Phyla Internal = External Phyla % Internal = External
Actinobacteria 0 14 Actinobacteria 0 5
Bacteroidetes 18 9 Bacteroidetes 1 18
Firmicutes 16 21 Firmicutes 37 43
Proteobacteria 66 56 Proteobacteria 62 33
Rare taxa<2% 0 1 Rare taxa<2% 0 1

(X2=19.491, df =and =0.000) (X2=30.513, df =4 and50.000)

On the other hand, the bacterial commuisgociated withhe soil under a deemposingof

the humanbody showed significant differences in taxon richness at phylum level over the
decomposition proces@inleyet al 2016)detected the most important phyla in s@sociated

with decomposing human remains includes Proteobacteria, Firmicutes, Actinobacteria and
AcidobacteriaThe same authpFinleyet al, (2014)reported thatevenbacterial phyla were
presentin the grave soil, including Proteobacteria, Bactdgtes, Firmicutes, Acidobacteria,

Actinobacteria, Verrucomicrobia, and Planctomycetes, respectively by relative abundances.

Proteobacteria, Bacteriodetes, Firmicutesacidobacteria seem to be associated with a body,
carrion decomposition in all the cexts (exposed, concealed bodies) and in different species

(rabbits, pigs, mice, rats and humans).
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4.2.4.2Family Level Analysis

Over summer 201dxperimentthe most abundant taxonomic families that had been identified
during the decomposition processid detected in higher abundancy parentage more than 2%

of the total relative abundance associated with the carrion samples were identified as following:
Xanthomonadaceae, Flavobacteriaceae, Enterobacteriaceae, Pseudomonadaceae,
Moraxellaceae, Planococcaee Sphingobacteriaceae, Enterococcaceae, Microbacteriaceae,
Brevibacteriaceae and StaphylococcaceaeiléVbver spring 201%experiment the most
abundant taxonomic families were Planococcaceae, Pseudomonadaceae, Xanthomonadaceae

Flavobacteriaceae, Baleiteae, Micococcaceae and Alcaligenaceae.

The obtained results (Fi§04) VKRZHG VLIJQLILFDQW GLIIHUHQFHV LQ EI
distribution and relative abundance between summer and spring se§3062.461, df =14,
p = 0.000).TheVenn diagam(Fig. 108 and(Table.51) clearly showed that onfpur families
appearin both seasonsSevenfamilies were exclusive of summer atitree families were

sampled only in spring.

Figure108 The dgmilarity of the bacteriatommunityfamilies over the decomposition process during summer

2014 and spring 2015 experiments
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Table51. % D F W H U L BedrBskritédbiiard defomposition process during summer 2014 and spring 2015
experiments

Names Total Families

Spring 4 Flavobacteriaceae Planococcaceae Pseudomonadaceae Xanthomon:
Summer
Summer 7 Staphylococcaceae Enterobacteriaceae Microbacteriaceae Moraxell:

Sphingobacteriaceae Brevibacteriaceae Enterococcaceae

Spring 3 Alcaligenaceae Microcoeceae Bacillaceae

The results showed a significant difference in the bacterial community family distribution
amongthe presence of fur and among the decomposition stages, with significant differences
among the sampling regions and seasons. The obtaerelis were identical to documented
results in a relevant study performedmPgchalet al (2013b)using replicate swine carcasses
thathave demonstrated the presence of significant difference among the overall family richness
during thedecomposition.r addition, there was a significant difference between sampling
regions (i.e., buccal and skin bacterial communities) and a significant interaction effect with
the (ADD) of samples collections. Moraxellaceae was the most domiaamly along with
Pasteurtaceae, followed by Enterobacteriaceae, Aerococcaceae and Planococcaceae and

Clostridiaceae.

Accordingto the resultsobtainedin this thesisa variety of families was presentaspecific

time during the decomposition process. The variability of t B ¥LOLHVY] GLVWULEXWLI
collected samples might be attributed to the variability of exposure to environmental factors
surrounding the sampling site. The families of bacterial communities that exttmetedost
substantial changes in abundanceerotime on U D E EcaMibfis’were Planococcaceae,
Pseudomonadaceae and Xanthomonadaceae. Whereas, the other studies using different models
showed that the Xanthomonadaceae wasdhely changingthe moston mousecarrions

(Metcalf et al 2013) while on pig corpses Planococcaceae and Xanthomonadacaaethe

most substantial changes in abundance over tifRechalet al 2013b) In addition,
Enterobacteriaceae, Xanthomonadaceae and Planococcacedeewanst changing families

on salmon carriofPechal an@enbow, 2016)All these works suggetitat Xanthomonadaceae

may be the key contributors to the geheracess of the decomposition.
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5. Conclusion

In this thesis, the possibility to reconstruct the crime scene and the decomposition process was
investgated. A 3D model aiming to integrate the biological and thanatological information was
JHQHUDWHG 7KH WKHVLVY WULHG WR FRPELQH WKH 3VRIW:
This is an attempt to produce in the future a multilayers softwaretabd@mmarize the
information about a cadaver/carcass transformation for investigative purposes and for court

presentation. For logistic reasons, rabbits were used as a model.

5.1 General Conclusion of3D reconstruction Approach

In order to develop an sypand cheap method as a substitute for more expensive technique
(eg. Laser scanip this thesis 123D Catchsoftwarewas investigated for documentirige

small and large crime scenkhis research presented an automated approach to document the
spatial claracteristics of crime scenes and for reconstructing a crime scene in 3D, in order to
allow a bettervisualisationof the crime scenand so doingacilitating the investigation

process.

This online freeof-charge softwarproducesa 3D model of scene orlgect from 2D images
captured at the crime scene. The crime scene was obtained in the form of 3D (cloud and
Texture)after uploading all the imageResults showed an accurate 3D model and easily

obtainedusing the 123D Catch approach.

Crime scene investaion is a key taeconstructhe nature of the crimes committed. The
proposed approach proviske model that allogthe investigators to betteisualisethe spatial

relations in the crime scene and gain a better insight intaithe through an exit ahgsis.

In addition, about the court acceptance of the reconstructed scene as evidence, first, manually
modelled reconstructions can consider as evidence. This work automatically reconstructs the
crime scene from real photos, which are naturally accegtedidence. Secondlgince this
reconstruction is performed using digital camera calibration, the results are metric and photo
realistic. Finally, the reconstruction is based ewidence, whichis collected by law

enforcement officers; hence, thelyall ke accepted by the court.

It cansummarise¢he conclusions as follows:
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X Photeba®d 3D scanning using 123D Catisha valid mode of reconstructing the
geometry of a crime scene for the purposes of investigations.

X In comparisorwith other measurement mettaddgies, including Agisoft PhotoScan
and Photosynth, 2BD Catch requires less tinte process the thredimensional
models of an object. Moreover, data collection using 123D Catch were more accurate

than others witlthe same number of photos used.

The 123® Catch approach when compared with other methods, including total station and laser
scanning, 123D Catch was inexpensive and requires less time to collect and process the 3D
models of an object or the scene. In addition, data collection using 123D Gatchec
performed by anyone with a digital camera and a computer.

More studies needed to investigate the 123D Catch software in more complex environments. In
addition, the resudtcan be mergedith other software to show modetailsabou the object

or thebodyon the screewith one click.

5.2Microbial Community General Conclusion

The decomposition is a dynamical physical, chemical and biochemical process driven by abiotic
and bioticfactors, whichinteract giving rise to the macroscopic transformatifres carrion or
cadaver. Temperature and humidity mainly affect the arrival of necrophagous insects as well as
the development gdfostmortemmicrobial communities. Such a correlation has been confirmed
during thisexperimentdD ZRUN XVLQJ BWDEELWVY FDUULRQ

The effect of the fur in modulating thestture of the decompositbgcterial communities was
investigated. No significant differences were found within the same seasonal trial between
carcasses with and without fur, neither from a functional nor fromary molecular analyses
based on a phylum level searélurthermorethe functional microbial diversity showed the
samepatternasthe decomposition progressed and the identification of the microbial taxa at

phylum level onlydid notallow for their sultantial discrimination under the tested conditions.

On the contrary, the further analysis at family level showed differences in the main taxa
colonising the carcassatependingnthe decomposition stage and the presencesarale of
the fur. In additio, dfferent bacterial families were found tolonisethe three different body

regions in all the carrions.
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This experimental work confirms several previous observations about the usefulness of the
VWXG\ RI WKH EDFWHULDO FR RFBrik&rhoiéLtieVanBiysis o6 the® W K F

necrobiomallows for a deeper understanding of the ecology of the decomposition process.

Consequentlybased on thisralysis and the obtained resitltan be summarised that the fur

was not affecting the pattern of weightssoduring the decomposition process. Whereas,
seasonal variation can impose a higher control over the weight loss, anddtigsactivity
acquiring a major role in causing the weight loss during the decomposition process. In addition,
the presence or abnce of fur does not have an impact on the decomposition rate, whereas, the

season played a kegle in the decomposition rate.

On the other hand, the fur does not affect the bactedalmunity functionaldiversity;
however the functional diversity wasnfluenced by the sampling location, seasons and
decomposition process. Moreovignyvas observed thélhe content of water drives the bacterial
community activityDelay in the development of the bacterial community on the exposed skin

due to the drynesa this location.

Furthermore, the fur does not have iafluence onthe taxonomic richness and relative
abundance patterns through the decomposition process at the phylum level. While the fur

exhibited an impact on the family taxonomic classificationlleve

In addition, therelative abundance patterasd bacterial distribution were affected by the

seasons and environmental conditions at phylum and family level.

The obtainedresults can enable the development aptimisationof forensic estimating
appro@&hes teestimatgpostmortem interval based on the changebie microbial communities

over atime interval. Consequently, these results can permit the investigation team to perform
theeffectiveand the valid interpretation of the crime scene regartimglitocated decomposing

bodies and their associated collected samples.

This study provides a baseline for making adjustments in the time since death estimates on
animals. However, more research on this topic needs to be performed for other types ef animal

that also have fur like rats or mice or dogs etc.

The results and conclusion produced by the present work have to be considered as preliminary
before to extrapolate them to a more general theory about necrobiome in animals with and

without fur. In factfurther investigations need to be related to other environmental and seasonal
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context. In order to draw the final picture of this topic, other variabdgurther analysdsve

to be included:

X

Geographical region and location where the carcass/cada/beba placed (soll

has been reported to be the main source of the microbial decomposer communities
both fortheanimal(mice) and human cadave($jetcalfet al 2016)

Season and climatic conditions. As dersiwated in this study and in some other
studied (Carter et al. 2015) and (Pechal et al. 2014) that the seasons can effect on
the decomposition rate and on the microbial community changes during the
decomposition process.

Presence and absence of micregict) and macro (vertebrate) scavenlyefact,
everybody after death is usually attacked by various types of animals and insects,
which can have a main role in the breakdown of the cadaver thus, accelerating the
decomposition rate.

Internal organgCanet al. 2014) In order to compare the microbial communities
associated with the internal and the external organs.
Preexistingantemortemmicroorganisms, which colonize carcass/caddwer.

order b determine the role of the Pegisting microorganisms on the body in the
decomposition process.

Wild vs domestic animals. To investigate how the habits and the lifestyle effect on
the decomposition process and on the microbial community on the cadaver.
Cause of death. For example, by hanging, poisons, accident, drowning and
burning, etc. and how the cause of death can affect the decomposition rate or
insects and bacteria colonization.

Competition among bacterial taxa (toxins or antibiotics production).

We will only be able to provide accurate estimations of time since death if we thoroughly

understand the most variables in the process of decomposition.

The integration of the thanatological information with the visual information obtained with an

accurate3D reconstruction will be helpful in reconstructing and studying cases redditemhan

death (e.g. Homicides)n fact, it will provide a complete picture of the scene with all

information and measurements in estep, which is helpful for the investigasoto make an

accurate statement. Furthermore, it will be important in court presentation of the case overall,

to allow a better understanding, thus a better judgment of the case.
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6. Appendices

6.1.Appendix 1 3D reconstruction

Table52. Frequency performed for all measurements real and estimated, frequencies were by 20cm and small
measurements by 5 cm and large measurements by.15 cm

Total Small measurements <&@l Large measurements >&0

cm frequencies cm frequencies cm frequencies
0-20 119 0-5 37 50-65 5
20-40 30 5-10 48 65-80 16
40-60 8 10-15 18 80-95 15
60-80 19 1520 16 95110 9
80-100 16 20-25 15 110125 9
100120 15 25-30 6 125140 6
120140 8 30-35 5 140-155 5
140160 5 3540 4 155170 3
160-180 4 40-45 3 170185 2
180200 4 4550 3 185200 3
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6.2. Appendix 2 Decomposition andMicrobial Analysis

Date
25/06/2014
26/06/2014
27/06/2014
28/06/2014
29/062014
30/06/2014
01/07/2014
02/07/2014
04/07/2014
07/07/2014
09/07/2014
11/07/2014
14/07/2014
16/07/2014
19/07/2014
23/07/2014
25/07/2014
30/07/2014
01/08/2014
06/08/2014
08/08/2014
13/08/2014
15/08/2014
20/08/2014
22/08/2014
27/08/2014
29/08/2014

Day
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Table53. Carcasses weighécordedduring summer 2014 experiment

ADD
15.90
31.70
46.50
57.80
69.00
82.90
99.30
116.40
154.20
202.07
235.40
271.90
329.50
364.10
422.20
500.60
542.30
611.70
664.50
743.00
773.20
843.10
869.40
935.10
968.20
1039.70
1072.80

RB1
2.4
2.15
2.35
2.4
2.3
2.3
2.3
2.1
1.55
1.05
0.9
0.65
0.65
0.6
0.65
0.7
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6

RB2 RB3
26 215
235 1.8
255 1.9
2.6 2
25 1.9
26 195
26 19
235 1.65
22 145
15 038
135 0.7
1.15 0.55
11 0.55
1 0.5
11 05
1.05 05
095 0.5
1 0.5
0.95 0.45
1.05 05
095 0.5
1.05 0.5
1 0.5
1 0.5
1 0.5
1 0.5
1 0.5

RB4 RB5
195 26
1.8 2.35
2.05 2.55
2.25 2.55
22 25
22 245
19 225
19 1.9
1.65 1.65
1.3 125
125 1.25

1 1.15
09 09
09 038
09 0.8
0.85 0.7
0.8 0.65
0.8  0.65
08 0.6
0.8 0.6
08 0.6
0.8 0.6
08 0.6
0.8 0.55
0.8 0.6
08 0.6
0.8 0.55
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RB6
2.35
2.4
2.55
2.55
2.4
24
2.4
2.5
1.95
1.4
15
1.15
1.1
1
1.1
0.95
0.9
0.95
0.95

0.9
0.95
0.95
0.95
0.95
0.95
0.95

average
2.34
2.14
2.33
2.39
2.30
2.32
2.23
2.07
1.74
1.22
1.16
0.94
0.87
0.80
0.84
0.79
0.73
0.75
0.73
0.76
0.73
0.75
0.74
0.73
0.74
0.74
0.73

SEM
0.10
0.11
0.12
0.09
0.09
0.09
0.11
0.13
0.11
0.10
0.12
0.11
0.09
0.09
0.10
0.08
0.07
0.08
0.08
0.09
0.08
0.09
0.08
0.09
0.08
0.08
0.09

STDEV
0.26
0.28
0.29
0.23
0.23
0.23
0.28
0.32
0.28
0.25
0.30
0.27
0.23
0.21
0.24
0.20
0.18
0.20
0.21
0.23
0.18
0.22
0.21
0.21
0.21
0.21
0.21



Date
18/03/2015
19/03/2015
20/03/2015
21/03/2015
22/03/2015
23/03/2015
24/03/2015
25/03/D15
27/03/2015
30/03/2015
06/04/2015
09/04/2056
13/04/2015
16/04/2015
20/04/2015
23/04/2015
27/04/2015
30/04/2015
04/05/2015
07/05/2015
11/05/2015
14/05/2015
18/05/2015
25/05/2015
01/06/2015
08/06/2015
16/06/2015
24/06/2015

Table54. Body mass for eactarcassecorded during spring 2015 experiment

Day
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ADD
5.00
12.00
20.00
25.70
32.90
39.30
43.90
50.10
57.00
81.70
140.40
175.60
250.00
217.30
383.00
284.70
361.20
318.40
417.00
450.50
497.50
534.80
577.90
659.00
828.50
839.10
935.80

RB1
3.10
3.25
3.15
3.10
2.95
3.00
3.05
3.05
2.9
2.85
2.85
2.55
2.55
2.35
2.1
1.9
1.85
1.8
1.75
1.55
1.6
14
1.4
1.15
1.15
1.05
1.05

1054.80 1.05

RB2
3.45
3.60
3.50
3.40
3.45
3.45
3.35
3.25
3.25
3.35
3.15
3.2
3.2
2.6
2.5
2.2
2
1.85
1.8
1.8
1.65
1.6
15
1.45
1.3
1.2
1.15
1.15

RB3
2.75
2.80
2.65
2.70
2.50
2.65
2.65
2.6
2.6
2.5
2.4
2.2
2.2
1.8
1.75
15
1.45
1.35
1.25
1.25
1.15
1.1
1.05
0.95
0.85
0.75
0.75
0.75
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RB4
3.50
3.50
3.50
3.65
3.50
3.45
3.40
3.35
3.35
3.45
3.35
3.15
3.15
2.6
2.25
1.75
1.75
1.6
1.55
155
1.4
1.4
1.35
1.3
1.15
1.1
1.05
1.05

RB5
2.85
3.20
3.10
3.00
2.95
2.90
2.85
2.85
2.85
2.75
2.7
2.5
2.5
2.1
1.8
1.75
1.75
155
15
1.35
1.4
1.4
1.15
1.1

0.95
0.95
0.95

RB6
3.45
3.55
3.70
3.75
3.55
3.65
3.60
3.65
3.6
3.6
3.5
3.3
3.3
2.85
2.55
2.3
2.15
1.95
1.9
1.8
1.7
1.7
1.6
1.45
1.4
1.35
1.3
1.3

average
3.18
3.32
3.27
3.27
3.15
3.18
3.15
3.13
3.09
3.08
2.99
2.82
2.82
2.38
2.16
1.90
1.83
1.68
1.63
1.55
1.48
1.43
1.34
1.23
1.14
1.07
1.04
1.04

SEM
0.14
0.12
0.15
0.17
0.17
0.16
0.15
0.15
0.15
0.18
0.17
0.19
0.19
0.16
0.14
0.12
0.10
0.09
0.10
0.09
0.08
0.08
0.09
0.08
0.08
0.08
0.08
0.08

STDEV
0.33
0.30
0.38
0.40
0.42
0.39
0.36
0.37
0.37
0.44
0.42
0.46
0.46
0.38
0.34
0.30
0.24
0.22
0.24
0.23
0.21
0.21
0.21
0.20
0.20
0.21
0.19
0.19



Date

24/06/2014
25/06/2014
26/06/2014
27/06/2014
28/06/2014
29/06/2014
30/06/2014
01/07/2014
02/07/2014
03/07/2014
04/07/2014
05/07/2014
06/07/2014
07/07/2014
08/07/2014
09/07/2014
10/07/2014
11/07/2014
12/07/2014
13/07/2014
14/07/2014
15/07/2014
16/07/2014
17/07/2014
18/07/2014
19/07/2014

Exp
Day
1
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Table55. Conversion of the daily temperature in experiment 1 to Accumulated Degree Days (ADD, Days °C)

ADD

15.9
31.7
46.5
57.8
69.0
82.9
99.3
116.4
135.6
154.2
171.3
187.1
202.7
219.1
235.4
253.8
271.9
292.2
312.9
329.5
347.6
364.1
382.5
403.1
422.2
440.9

Date

20/07/2014
21/07/2014
22/07/2014
23/07/2014
24/07/2014
25/07/2014
26/07/2014
27/07/2014
28/07/2014
29/07/2014
30/07/2014
31/07/2014
01/08/2014
02/08/2014
03/08/2014
04/08/2014
05/08/2014
06/08/2014
07/08/2014
08/08/2014
09/08/2014
10/08/2014
11/08/2014
12/08/2014
13/08/2014
14/08/2014

Exp
Day
27

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

ADD

460.8
480.2
500.6
5210

542.3
559.6
576.8
594.1
611.7
630.7
648.9
664.5
6820

699.2
713.1
7283

743

758.3
773.2
788.3
8030

817.2
8300

843.1
856.4
869.4

Date

15/08/2014
16/08/2014
17/08/2014
18/08/2014
19/08/2014
20/08/2014
21/08/2014
22/08/2014
23/08/2014
24/08/14
25/08/14
26/08/14
27/08/14
28/08/14
29/08/14
30/08/14
31/08/14
01/09/14
02/09/14
03/09/14
04/09/14
05/09/14
06/09/14
07/09/14
08/09/14
09/09/14

Exp
Day
53

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
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ADD

882.2
894.5
908.7
921.5
935.1
951.3
968.2
983.6
999.1
1013.3
1026.1
1039.7
1055.9
1072.8
1088.3
1103.8
1120.1
1134.9
1152.1
1169.5
11865
1205.0
1217.4
1231.6
1244.9
1258.8

Date

10/09/14
11/09/14
12/09/14
13/09/14
14/09/14
15/09/14
16/09/14
17/09/14
18/09/14
19/09/14
20/09/14
21/09/14
22/09/14
23/09/14
24/09/14
25/09/14
26/09/14
27/09/14
28/09/14
29/09/14
30/09/14
01/10/14
02/10/14
03/10/14
04/10/14
05/10/14

Exp
Day
79

80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

ADD

1273.6
1288.1
1303.2
1317.2
1332.0
1348.2
1364.5
1380.0
1396.3
1411.6
1424.5
1435.5
1449.1
1463.2
1476.5
1492.9
1504.8
1518.4
1533.4
1549.6
1566.8
1578.8
1593.8
1610.6
1619.6
1631.3

Date

06/10/14
07/10/14
08/10/14
09/10/14
10/10/14
11/10/14
12/10/14
13/10/14
14/10/14
15/10/14
16/10/14
17/10/14
18/10/14
19/10/14
20/10/14
21/10/14
22/10/14
23/10/14
24/10/14
25/10/14
26/10/14
27/10/14
28/10/14
29/10/14
30/10/14
31/10/14

Exp
Day
105

106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

ADD

1640.8
1649.2
1660.5
1672.6
1683.2
1693.7
1704.0
1714.9
1725.7
1737.3
1750.8
1767.9
1785.0
1799.1
1811.8
1820.7
1832.3
1847.0
1857.7
1870.2
1884.9
1901.3
1913.9
1924.0
1940.2
1957.6



Table56.Conversion othedaily temperaturén Exp. 2to Accumulated Degree Days (ADD, Days °C)

Date Exp Day ADD Date Exp Day ADD
18/03/2015 1 5.0 02/05/2015 46 403.9
19/03/2015 2 12.0 03/05/205 a7 417.0
20/03/2015 3 20.0 04/05/2015 48 430.1
21/03/2015 4 25.7 05/05/2015 49 441.2
22/03/2015 5 329 06/05/2015 50 450.5
23/03/2015 6 39.3 07/05/2015 51 460.4
24/03/2015 7 43.9 08/05/2015 52 471.7
25/03/2015 8 50.1 09/05/2015 53 481.9
26/03/2015 9 57.0 10/05/2015 54 497.5
27/03/2015 10 65.3 11/05/2015 55 512.0
28/03/2015 11 75.3 12/05/2015 56 523.6
29/03/2015 12 81.7 13/05/2015 57 534.8
30/03/2015 13 89.9 14/05/2015 58 543.5
31/03/2015 14 95.6 15/05/2015 59 556.5
01/04/2015 15 101.7 16/05/2D15 60 567.4
02/04/2015 16 110.1 17/05/2015 61 577.9
03/04/2015 17 118.7 18/05/2015 62 586.3
04/04/2015 18 128.6 19/05/2015 63 595.5
05/04/2015 19 140.4 20/05/2015 64 607.2
06/04/2015 20 153.4 21/05/2015 65 620.2
07/04/2015 21 164.2 22/05/2015 66 6334
08/04/2015 22 175.6 23/05/2015 67 647.4
09/04/2015 23 188.3 24/05/2015 68 659.0
10/04/2015 24 202.7 25/05/2015 69 670.8
11/04/2015 25 210.7 26/05/2015 70 682.7
12/04/2015 26 217.3 27/05/2015 71 694.2
13/04/2015 27 229.2 28/05/2015 72 704.7
14/042015 28 241.4 29/05/2015 73 714.1
15/04/2015 29 250.0 30/05/2015 74 726.7
16/04/2015 30 260.1 31/05/2015 75 736.3
17/04/2015 31 268.6 01/06/2015 76 746.8
18/04/2015 32 277.2 02/06/2015 77 759.7
19/04/2015 33 284.7 03/06/2015 78 772.1
20/04/2015 34 2%.1 04/06/2015 79 789.4
21/04/2015 35 306.2 05/06/2015 80 803.6
22/04/2015 36 318.4 06/06/2015 81 816.1
23/04/2015 37 333.2 07/06/2015 82 828.5
24/04/2015 38 346.8 08/06/2015 83 839.1
25/04/2015 39 354.4 09/06/2015 84 850.9
26/04/2015 40 361.2 10/062015 85 864.1
27/04/2015 41 368.5 11/06/2015 86 879.2
28/04/2015 42 375.4 12/06/2015 87 896.2
29/04/2015 43 383.0 13/06/2015 88 910.7
30/04/2015 44 389.2 14/06/2015 89 920.7
01/05/2015 45 396.3 15/06/2015 90 935.8
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Figure109 Pictures of som8iolog EcoPlates for different samples
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Characterisation of the microbial community functional diversity during summer 2014

Figurel10MLFURELDO FRPPXQLWLHYV YD RYyWM)Yof sercakses Rith BuO(Exp Y)L W\ VDPS
Functional Activity (%) was calculated among eaahcasithout fur for each day sampling. Functional
Variation (%) is reported amnerror.

Figurel11 MLFURELDO FRP P X Qtalavity\sgbpfing (M biwarcasles without fur (Exp. 1).
Functional Activity (%) was calculated among eaahcassvithout fur for each day sampling. Functional
Variation (%) is reported amnerror.
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Figure112 Microbial coPPXQLWLHVIDFWLYLW\ LQ VNLQ VDPSOEWcioml RI FDUF|
Activity (%) was calculated among eacarcasswithout fur for each day sampling. Functional Variation (%) is
reported agnerror.

Figurel113MLFURELDO FRPPXQLWLHVYDFWLYLW\ LQ VNLQ VDPSOLQJ 6 R
Activity (%) was calculated among eacarcassithout fur for each day sampling. Functional Variation (%) is
reported asnerror.
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Figurel14 MLFURELDO FRPPXQLW L H¥fitaRions aimplihgl(Q) df Caadses @ithHur (Exp.
1). Functional Activity (%) was calculated among eaehcassvithout fur for each day sampling. Functional
Variation (%) is reported amnerror.

Figurell15MLFURELDO FRPPXQLW L ksafii€aRidhs YamWihgl(\Q) df cavadsds @ithbut fur
(Exp. 1).Functional Activity (%) was calculated among eaeahcassvithout fur for each day sampling.
Function& Variation (%) is reported aanerror.
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Characterisation of the microbial community functional diversity during spring 2015

Figurel 16 MLFURELDO FRPPXQLWLHVYDFWLYLW\ LQ RUDO FDYLW\ VDPES
Functional Activity (%) was calculated among eaahcasvithout fur for each day sampling. Functional
Variation (%) is reported amnerror.

Figurell7MLFURELDO FRPPXQLWLHVIDFWLYLW\ LQWROWMr (EXRYN)W\ VDPSC
Functional Activity (%) was calculated among eaahcassvithout fur for each day sampling. Functional
Variation (%) is reported amnerror.
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Figurel18 MLFURELDO FRPPXQLWLHYV Y BFronartdsis witfuv (ExpQR) VADM Soddl Q J
Activity (%) was calculated among eacarcassvithout fur for each day sampling. Functional Variation (%) is
reported asnerror.

Figurel119MLFURELDO FRP P X Q Lingarkplitfy DS} b¥ cavchsses wihot Kir (Exp. 2). Functional
Activity (%) was calculated among eacérrcassvithout fur for each day sampling. Functional Variation (%) is
reported asinerror.
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Figurel20MLFURELDO F&tvRy{rQrtenfdcebaiicarrions sampling (U) of carcasses with fur (Exp.
2). Functional Activity (%) was calculated among eaeahcassvithout fur for each day sampling. Functional
Variation (%) is reported amnerror.

Figure12LMLFURELDO FRPPX QLW L Fs&fiEafidhs amplingl(@ df Caktvadddd Dithblut fur
(Exp. 2).Functional Activity (%) was calculated among eaelncassvithout fur for each day sampling.
Functional Variation (%) is reported aserror

233



Table57. Collection of pictures for rabbits with and without fur during the decomposition stages in summer 2014 exgleoixesnt,3 and refer to rabbits without fur and

boxes 2,4 and 6 referred to rabbits with fur).

%R [
Day O Day 1 Day 2
Day 3 Day 4 Day 5
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Day 6 Day 7 Day 9

Day 12 Day 14 Day 16
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Day 19 Day 21 Day 24

Day 28 Day 30 Day 35
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Day 37 Day 42 Day 44

Day 49 Day 51 Day 56
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Day 58 Day 63 Day 65
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BOX 2

Day 0 Day 1 Day 2

Day 3 Day 4 Day 5
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Day 6 Day 7 Day 9

Day 12 Day 14 Day 16
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Day 19 Day 21 Day 24

Day 28 Day 30 Day35

241



Day 37 Day 42 Day 44

Day 49 Day 51 Day 56

242



Day 58 Day 63 Day 65
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BOX 3

Day O Day 1 Day 2

Day 3 Day 4 Day 5
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Day 6 Day 7 Day 9

Day 12 Day 14 Day 16
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Day 19 Day 21 Day 24

Day 28 Day 30 Day35
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Day 37 Day 42 Day 44

Day 49 Day 51 Day 56
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Day 58 Day 63 Day 65
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BOX 4

Day O Day 1 Day 2

Day 3 Day 4 Day 5
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Day 6 Day 7 Day 9

Day 12 Day 14 Day 16

250



Day 19 Day 21 Day 24

Day 28 Day 30 Day35
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Day 37 Day 42 Day 44

Day 49 Day 51 Day 56

252



Day 58 Day 63 Day 65
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BOX5

Day O Day 1 Day 2

Day 3 Day 4 Day 5

254



Day 6 Day 7 Day 9

Day 12 Day 14 Day 16

255



Day 19 Day 21 Day 24

Day 28 Day 30 Day35

256



Day 37 Day 42 Day 44

Day 49 Day 51 Day 56

257



Day 58 Day 63 Day 65
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BOX 6

Day O Day 1 Day 2

Day 3 Day 4 Day 5

259



Day 6 Day 7 Day 9

Day 12 Day 14 Day 16

260



Day 19 Day 21 Day 24

Day 28 Day 30 Day 35

261



Day 37 Day 42 Day 44

Day 49 Day 51 Day 56

262



Day 58 Day 63 Day 65
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Table58. Collection of pictures for rabbits with and without fur during the decomposition stages in sptihex@ieriment(box lrefer to rabhis without fur andbox 2 refer
to rabbits with fur).

Box1
Day 0 Day 1 Day 2
Day 3 Day 4 Day 5
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Day 6 Day 7 Day 9

Day 12 Day 15 Day 19
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Day 22 Day 26 Day 29

Day 33 Day 36 Day 40
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Day 43 Day 47 Day 50

Day 54 Day 57 Day 61

267



Day 64 Day 75 Day 82
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BOX 2

Day O Day 1 Day 2

Day 3 day 4 Day 5

269



'D\ 'D\ 'D\

Day 12 Day 15 Day 19

270



Day 22 Day 26 Day 29

Day 33 Day 36 Day 40

271



Day 43 Day 47 Day 50

Day 54 Day 57 Day61

272



Day 64 Day 75 Day 82
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