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ABSTRACT
Forensic anthropological literatucée that bodis are commonly covered
or wrapped in mamade materials for disposal and concealment. Therefore, knowing if
there are differences in the rate of decomposition betteepandcontrolbodies is
important for forensic scientists conductipgstmortem interal estmations While
several studies have been conducted on the effects of decomposition when the body is
covered or wrapped in materials such as clothing, blankets, and plastic tarps, most of
these studies have examined a variety of coverings simatialyewith relatiely small
sample sizes and up@ surrogates. Therefore, the purpose of this study is to conduct a
controlled investigation of the effect of plastic tarps on the rate and patteameai
decomposition in Central Texas using a relagivaige sample size. Ukk previous
studies, this studytilized only one type of avering, the sample size wiasger than
previously examined, and environmental conditions and dates of death are known.
Human remains covered or wrapjge a tarp provdes an ideaénvironment for
decomposition since the tarp may maintain moisture and temperature while providing
insects and bacteria protection frepmedators and environmental factoiBherefore, it
was hypothsized that the plastic tarp wouddd in deomposition in two ways: 1) by
increasing the activity of necrophagous insects, which prefer a warm, shaded and outdoor
environment and 2) by increasing putrefaction caused by bacteria that require an aqueous
medium. The increased adtwof insects and &cteria shouldherefore likely increase

the rate of decomposition. In other words, require fewer accumulated degree days



(ADD) to reach each stage of decomposition.

This study showed that remains wrapped in plastic tarps had a statistically
significant dfect on the rate of human decomposition when compared to unwrapped
remainsm a Central Texas environmer&ince the null was rejected further examination
occurred and found that temperature wasa significant contributing factor for the
change in ra of decompositionHowever insect activity wasbserved as eontributing
factor since it was a constant throughout the entire study period for all wrapped remains.
This study will contribute to the field of forensic anthropology by providing reliable
information about the effect wrapping bodies in plastic tarp material has on the
decomposition rate in Central Texdsaw enforcement and other forensic scientists
should be very cautious if using the Megyesi et al. (2005) method and be fully aware of

its limitations and inconsistent results.

Xi



. INTRODUCTION

Multiple studies have been conducted on the decomposifihuman
remains, but theesearchhathas examined the effects of decomposition when remains
are covered or wrgged in various material®.g., clothing, blankets, and plastic tayps
have relatively small sample sizes andstuse pig surrogatgseeBell, 2012; Dautartas,
2009;Kelly et al. 2009 Shattuck 2009Hyder 2007 Cahoon 1992Goff, 1992; Miller,
2002; Phalen, 2013; Voss et al., 200Matuszewski et al. 2014 However theforensic
anthropological literatureite that bodies are commonly covered or wrapped in man
made materials for disposal and concealment (Forbes et al., 2009; Komar, 2003;
Manhein, 1997). Knowing the differencesdecomposition rates between wrapped and
unwrapped bodies and the possible causal factors for the difference is important for
forensic scientists that provig@stmortem interval (PMBstimations. Therefore, the
purpose of this study is to conduct a trolled study to investigate the decomposition
rates of bodies wrapped in plastic tarp materiblslike previous studies, this study
utilized only one type of avering, the sample size wksger than previously utilized
and environmental conditisranddates of placemerre known. This study will
contribute to the field of forensic anthropology by providing reliable information about
the effect wrapping bodies in plastic tarp material has on the decomposition rate in
Central Texas.

In this study, lkexamined differences in the rate of decomposition between human
remains wrapped in plastic tarps compared to unwrapped bodies. | hypothesized that
human remains wrapped in plastic tarps adadex on the ground surface would

decompose at a significantlgdter rate than bodies not wrapped in plastic tarps. Human



remains covexd in a tarp provide an ideahvironment for decomposition since they may
maintain amoist environment, conservemperature and provide protection for insects

and bacteria. Therefe, the plast tarp shouldaid in decomposition in two ways: 1) by
increasing the activity of necrophagous insects, which prefer a warm, shaded and outdoor
environment (Shirley et al., 2011, Clark et al., 1997), and 2) by increasing enzymatic
decay (autgisis) and putrefaction by bacteria that require an agueous medium (Gill

King, 1997). The increased adtyof insects and bacteria woulderefore likely

increase the rate of decomposition (i.e., require fewer accumulated degree days).

My main questions whether decomposition rates are significantly different
between bodies placed on the ground surface wrapped and not wrapped in plastic tarps.
My reasoning for choosing the plastic tarp as the material in my study is because it i
commonly cited in thateratureas a material to conceal the body during disposal
(Komar, 2003; Manhein, 1997) and because it is a material that is readily available in
most U.S. markets. Accumulated degree days (ADD) and total body score (TBS)
(Megyesi et al., 2005) were usedcompare the decomposition rates. My null
hypothesis was that there is no significant difference in TBS between wrapped and
unwrapped bodies after 500, 1000, 1500, and 2000 ADD (bagbe trcalexternal
ambient temperature). If my null hypothesisejected, thenwould examineif
temperature contributegd the change in decomposition ratgve hundred ADD was
chosen because previous research at FARF indicates that mummification occurs on
average around 500 ADD during spring and summer montite$B2014) Since there

is limited research on whether a difference in decomposition exists when plastic material



is used to dispose of human remains, this study will contribute to the field of forensic
anthropologyspecifically PMI estimations

BACKGROUND

Decomposition

Decomposition is a continuous, complex, and highly variableggsowhich
makes PMEestimations difficult. Immediately after death the cells undergo autolysis,
which is initially caused by lack of oxygen, increase in carbon dioxided@amdase in
pH in cells (GiltKing 1997 Love and Marks 2003 Eventually, the cells M/ detach
from each other and breakdowune to the accumulation of cellular enzynredeasing
fluid that will drive indigenous bacteria growth in the next stage abrmgosition (ie.,
putrefaction)Gill-King 1997. While there are no visible signs of the initial progression
of autolysis, later signs include skin slippage and fluid filled bbst€lark et al. 1997
Love and Marks 2003

Additionally, the body undergs a series of changes due to chemical and
physical processes known as algor mortis, livor mortis, and rigor mortis that occur
sequentially within the first day (Clark et al. 199|l-King 1997 Love and Marks
2003. Algor mortis occurs when the bodyases to regulate its temperature and begins
to reach ambient temperature, usually within 24 hours after death. In most cases this
involves cooling of the body (Clark et al. 19%5il-King 1997 DiMiao and DiMiao
200% Love and Marks 2003 Livor mortisor lividity occurs when the blood in the body
begins to settle due to gravity to the lowest areas of the body and results in discoloration
of the skin between two to eight hours after death (Clark et al. @B¥King 1997

DiMiao and DiMiao 2001Love and Marks 2008 Rigor mortis is a chemical reaction



that causes the muscles in the body to stiffen. Rigor usually begins within a few hours
after death and peaks at around 12 hours after death (Clark et alG119¥ing 1997,
DiMiao and DiMiao 2001Love and Marks 2003

The next process of decomposition is putrefaction. During putrefaction-micro
organisms (mainly bacteria) start to break down the soft tissue of the body which results
in the formation ofjases and liquids the body(Clark et al. 199; Gill-King 1997
DiMiao and DiMiao 2001Love and Marks 2003 Green discoloration of the skin is one
of the first signs of putrefaction, followed by bloating of the entire body (especially the
abdomenylue to the buildup of gaséSlark et al. 1997Gill-King 1997 DiMiao and
DiMiao 2001 Love and Marks 2003 The pressure of the gases is released as purge
fluid which exits all orifices (especially of the face) and any rips in the skin caused by
bloating(Clark et al. 1997Gill-King 1997 DiMiao and DMiao 2001 Love and Marks
2003. These two processes alone can completely skeletonize a body, however,
environmental factors and scavenger activity usually alters the time frame (Clark et al.
1997;Gill-King 1997 Love and Marks 2003

Variables Affectip Decomposition

There are many variables that occur within the decomposition process that can
increase or decrease the rate of decomposition. It is important to study these variables to
gain a better understanding of the decomposition process and tdatkegpostmortem
interval estimations. Some of these variables include temperature, access of the body to

insects, and moisture.



Temperature

Temperature has the greatest effect on the rate of human decomposition. In
general, low temperatures redube rate of decomposition by retarding the chemical
reactions of autolysis, the growth of bacteria associated with putrefaction, and the
colonization and development of necrophagous insects (Mann et al. 1990; Galloway
1997; Campobasso et al. 2001). Cosebr, warmer temperatures increase the rate of
autolysis, bacterial growth, and insect activity which spegdie decomposition
process (Mann et al. 1990; Campobasso et al. 2001; Shirley et gl. 2011
Moisture

Moisture has also been found to have aaatfon the rate of human
decomposition. Moisture is necessary to avoid desiccation which will ultimately effect
fly and maggot activity (Zhou and Byard 2011). In dry environments the body can
quickly become desiccated or mummified resulting in almosipbete preservation of
skin with minimal insect activity (Mann et al. 1990; Galloway 1997). In wet
environments, however, saponification can result in the formation of adipocere or grave
wax due to the hydrolysis of fatty tissu€l(-King 1997.
Access bthe Body to Insects

Insects play a crucial role in rate of human decomposition, especially in an
outdoor setting. The amount of insect activity can depend on the season of death. There
is a decrease in insect species in the fall and winter seasotwsttieecolder weather,
while there is an increase in insect species during the spring and summer seasons due to
the warmer weathdCampobasso et al. 2001; Schroeder et al. 2003). Necrophagous fly

larvae are primarily responsible for the loss of sofiussduring decomposition in an



outdoor setting, but numerous other insects also play a role (Haskell et al. 1997). For
example, beetles, bees, ants, spiders, and cockroaches are all known to frequent
decomposing bodies (Haskell et al. 199&nts are ragly given a second thought when

found on or near human remains, but they are found at all stages of decomposition
(Campobasso et al. 2009\nts mainly prey on eggs, larvae of other insects and

scavenge human flesh (Campobasso et al. 2009). If the@uapon is large enough

the rate of decomposition can be significantly reduced which will alter the PMI

estimation (Catts and Goff 1992; Campobasso et al. 2009). In some cases, ant bites may
be mistaken for antemortem abrasions or trauma (Keh 1985; @asgmet al. 2009).

Insect activity can be greatly affected by different disposal areas. Various
coverings such as clothing, blankets, and tarps provide protection for insects and
especially larvae against the natural elements of wind, rain, predatbsslar radiation
(Mann et al. 1990; Campobasso et al. 2001; Shirley et al. 2011; Voss et al. 2011).
Additionally, coverings can create a migrnvironment that includes more humidity and
warmer temperatures which results in greater insect diversitglanttlance. This
micro-environment therefore increases the rate of decomposfime¢son 2001y oss
et al. 2011). Also coverings may delay the rate of insect colonization which can alter the
PMI estimate (Goff 1992). In circumstances where remainseaed in refrigerators or
plastic bags the decomposition process is delayed due to lack of insect activity (Mann et
al. 1990). Additionally, remains that decompose within an indoor setting will have
extremely limited access to insect activity and tenmtpegawill be based on air
conditioning (heating or coolingettings (Campobasso et al. 2001). Burials cause a

slower rate of decomposition due to the cooler temperatures, limited access of carrion



insects, and body temperature of the remains are s@sdmon autolytic and
putrefaction processes (Mann et al. 1990; Bass 1997; Campobasso et al. 2001).

Decomposition &les

Staging scales of decomposition have been produced that describe the
morphological changes occurring in the body due to autolydisfpation, and finally
the breakdown of the skeleton by chemical and mechanical forces. For example,
Galloway et al. (1989) categorized the decomposition process into five major categories:
fresh, early decomposition, advanced decomposition, skeletomizahd extreme
decomposition. Bass (1997) outlined five stages and their associated time frame of
occurrence: fresh (first day), fresh to bloated (first week), bloated to decay (first month),
dry (first year), and bone breakdown (first decade). Clagk €1997) generated four
categories and ten stages of the human decomposition process: putrid (3pges 1
bloating (stages-8), destruction (stages8), and skeleton (stagesl9). While useful
for providing a general description of the continuptscesses occurring during
decomposition and providing rough estimates of the PMI, the stage descriptions are
difficult to quantify.

Accumulated Degree Days (ADD)

Accumulated degredays measure biological procestes heat energy units that
have accumlated in the body and are available iarcterial and fly growtland therefore
are a better way of measuring decomposition taendar days (Megyesi et al. 2005).
Using the temperature data from the HOBO stathdpD wascalculateddaily by
averaginghe high and lowdaily temperature. Decomposition slows down significantly

at 0°C, so this was set as the minimum threshold (Megyesi et al. 2005).



Megyesi et al. (2005) Method

Megyesi and colleagues (2005) made the first attempt to quantify the stages of
decomposition. One unique feature of the Megyesi et al. (2005) method is that
investigators examine each of the three main regions of the body (head/neck, torso, and
|l i mbs) separately using a modification of
stages of decompositioMegyesi et al. (2005) placed the descriptions of Galloway et
al s (1989) first four stages (fresh, ear/|
skeletonization) into sequential order and applied a point or scoring systech to&ar
description. For example, if the head and neck show no visible signs of decomposition
the head and neck region is given a score of 1. If the head and neck exhibit morphological
features of early decomposition the region is given a score betwedh@ints
depending on whichmorphological characteristics are present (e.g., discoloration,
bloating, or purging). If advanced decomposition is observed the head and neck receives
between 7 and 9 points, while skeletonization of the region resulscora of 10 to 13
depending on the amount of bone exposure and whether it is dry or retains some grease.
Once all three regions of the body have been scored, the points from each region are
summed to give a total body score (TBShe TBS is then used talculate an
estimation of ADD required for decomposition. The calculated ADD can then be
comparedetrospectivelyto local temperature data to giaelate point estimate and range

for theestimation of the postmortem interval.



Previous Studies withd@vered Remains

Miller (2002) examined six human cadavers that were fully clothed during the
study period (one year) and compared stages of decomposition and ADD calculations
with six nude cadavers from previous research as controls at the Anthropological
Research Facility (ARF) at the University of Tennessee, Knoxville. There were
placements during winter and summer months and decomposition was scored using a
staging scale | to IV (fresh, early decomposition, advanced decomposition, and
skeletonization).Resultsfrom the studyshow that clothing slows the rate of
decomposition during spring and summer, bu
significantly alter rate of decomposition.

Dautartas (2009) used six human cadavers in which two were wrapplagtio
tarps, two were wrapped in cotton thermal blankets, and two were unwrapped controls.
All six bodies were placed at the same time at ARF in Knoxville to control environmental
factors acting on them. The bodies remained wrapped for thirty daysrapdrature
data was collected daily. Ambient temperature was taken twice daily to calculate ADD
and temperature was taken daily from soil underneath each body. At the end of the thirty
day period the bodies were uncovered and decomposition was scoiggthadlegyesi
et al. (2005) TBS method. In addition, notes on decomposition (e.g., insect activity,
scavenger activity, and other general notes) and photographs were taken for each
individual. Using the daily temperatures during the study peAiBdD was calculated
for each individual, and TBS scores were plugged into the Megyesi et al. (2005) formula
to get an ADD estimateDautartas (2009pund no statistically significant difference

between treatment bodies and controls when looking at temperaiscethere was no



statistically significant difference between estimated ADD and actual ADD. However,
rate of decomposition was noticeably different between the treatment and control bodies.
Voss et al. (2011) studied the effects of clothing usindrestly killed pigs,
divided evenly between two years. Each year three pigs were clothed and two were
unclothed as controls. This study was conducted at a wildlife reserve south of Perth,
Western Astralia during autumn. The study resslt®w that theresence of clothing
prolonged advanced decomposition due to the moisture and abundance of insect activity.
Bell (2012) examined three pigs placed on the ground surface in which one was
wrapped in otton bed sheet, one ablack garbage bag, and onas left unwrapped as
the control. This study was conducted at the Forensic Anthropology Research Facility
(FARF)in San Marcos, Texas. All three pigs were placed at the same time to ensure that
the same environmental factors were acting on them. Th®pedapigs were left
unopened until the end of the study period (142 days). Ambient and internal temperature
was recorded along with visuabservations of decomposition occurring outside of the
wrappingsand photographs during the study period. The me@d the study was to test
the accuracy of several of the published postmortem interval formulae (e.g., Megyesi
(2005), Vass (2011), and Schiel (2008)). Bell (2012) observed that the pig wrapped in
the trash bag had the most accelerated decompositefoliatved by the sheet and both
were faster than the control. Overall, Bell (2012) found the accuracy of the PMI
estimation based on all of the formulae tested to be poor.
Finally, Phalen (2013) studied three human cadavers that were clothed throughout
the study period (2 months) and cadavers usedewious research at FARE Texas

State University. The three placements occurred during the months of May and June. To
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compare decomposition rates a modified staging scale of Galloway et al. (1989¢das us
which segmented the body into sixgiens. Her esults show that clothing accelerates the
overall process of decomposition and most likely prevents mummification from
occurring.

These five previous studies on covered remains reveal that there is not a
consensus on the decomposition process and the effects that coverings have on rate of
decomposition. Additionally, two of these studies used pigs as substitutes for humans
and have small sample sizeBhe studies thatse human cadavers hasraall ampke
sizes in which their statistics have lower confidence levels and higher margins of error.
Another possible problem with small sample sizes and decomposition studies is that the
results may be outliers. Furthermore, Miller (2002) and Phalen (2013ybatradictory
results which may be due to different environments but since there are no validation
studiesit is difficult to determine why these studies had different results. Therefore, there
is a need to conduct a more thorostidy of the effect ofaverings on the
decomposition rate of human remains.

Chapter Summary

Decomposition of human remains is a continuous and complex process in which
many researchers have divided into descriptive stages. Megyesi et al. (2005)wasthod
the first to quantifyhese stages. Many factors such as temperature, moisture, insect
activity, concealment wrappings, and many others can affect the rate of human
decomposition in any environmental regiorhe limited studies that have examined the
effect of clothing and vappings on the rate of decomposition, have used small sample

sizes or pig substitutes. The purpose of this study is to examine the difference in the rate

11



of decomposition between bodies wrapped in plastic tarps compared to unwrapped
controls using a retavely large sample size. This study will significantly contribute to
the estimation of the postmortem intalrand have ampact on the forensic science

communitywhen tarps are used for body disposal
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II. METHODS

STUDY POPULATION AND SAMPLE SIZE

The study population consisted of twenty individuals donated to the Forensic
Anthropology Center at Texas State (FACTS) and abbto decompose at the FARF
a semishaded area. All individuals were placed on the ground, unclothed, in a supine
paosition, and under a metal cage. The metal cages were used to control for any animal
scavenging that would have altered decomposition rdtes.individuals were wrapped
in a new plastic tarp and ten were not covered. Most placements consisted of two
individuals (one tarp wrapped and one unwrapped control) being placed on
approximately the same date in the same area of FARF approximately 10 feet apart to
reduce micreenvironmental effectsHereatfter, all tarpwrapped remais will be referred
to as tarpemans and the unwrapped remains will be referred to as control remains.
Sixteen of the dortad bodies (10 tarand 6 controlswere placed at FARF between
April and August 2015. There were four instances wheresttvas not a control and tarp
individual avalable at the same time. In these cases, photographs and notes for donations
placed on approximately the same date in 2014 were used as a coh&oleather
between 2014 and 2015 did not vary too much since ADD were reached around the same
number of dag. In addition, only individuals arriving at FACTS in a fresh stage were
used in the study in order to effectively use TBS scoring and accurately monitor
decompositional changes.

Tarpand control pairs of bodies were not controlled for sex, age, bodyhiverg
autopsy(Table 2.1). While these variables could affect decomposition rates, it is not

possible to control for all of these variables in the current stlitigre were five
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individuals that were autopsied and included in the study population.utalhsied
individuals had a traditional AYO thoracoa
permitted due to a previous study at FARF that found no significant difference in
decompositional rates between autopsied andaubopsied remains (Bates Z0)Bates

and Wescott 2016). In addition, only individuals arriving at FACTS in a fresh stage

were used in the study in order to effectively use TBS scaragaccurately monitor

decompositional changes.

Table 2.1. Demographics of study population.

Donation Sex | Age | Weight | Autopsied
(Ibs.)
D13-2015 (T#1) M 49 200 N
D06-2015(C#1) M 93 189 N
D16-2015 (T#2) M 95 153 N
D19-2014 (C#2) | F 77 120 N
D19-2015 (T#3) M 65 238 N
D20-2015 (C#3) | M 74 107 N
D21-2015 (T#4) F 63 118 N
D21-2014 (C#4) | F 23 305 Y
D26-2015 (T#5) F 21 140 Y
D24-2014 (C#5) | M 70 189 N
D31-2015 (T#6) F 55 180 Y
D29-2015 (C#6) | M 44 154 Y
D32-2015 (T#7) F 73 184 N
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Table 2.1 Continued.

D23-2015 (C#7) | M | 69 160 N
D34-2015 (T#8) | F | 79 204 N
D352015 (C#8) | F | 69 158 N
D382015 (T#9) | F | 77 218 N
D392015(C#9) | M | 85 119 Y
D41-2015 (T#10) | F | 57 95 N
D382014 (C#10) | M | 79 220 N

DATA COLLECTION

Treatment of Remains

The wrapping procedure consisted of the following steps: 1) the 10 ft X 12 ft tarp
was unfolded completely and the body was placed in the middle of the tarp, 2) the top
and bottom englwere folded over the head and legs, 3) one side was then folded over the
individual towards the opposite side, and 4) the remaining side was folded across the
person and tucked in underneath the body to seal thésteg-igure 2)1 All the tarps
usedin the study were the same color with gray on the outside and brown on the other
inside. Thetarpindividuals remained enclosed in the tarp until the sampling periods of
500, 1000, 1500, 2000 ADD were reachexkcept in one case described beld»uring
each sampling period tharpremains were opened to allow for photography of the body,
recording of decomposition scor@sTBS, and noting observation about insect activity,

the presence of moisture, or other decompositional variables described below
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There were two small deviations in the data collection prodéssthefirst set of
remains (1 tarpnd lcontrol), motionsensitive cameras were mounted near the bodies to
observe any scavenger activity occurring outside the dagmeras were not usénl
monitor the remaining set of remains. Hug Bixth set of remainkcollected total body
scores (TBS) for the control boéyach day Once thecontrolbody transitioedfrom one
stage of decomposition to the next (e.g, fresbarly decompositionhetarpindividual
was unwrapped to examine the stage of decomposition. While the tarp was open
photographs, notes, and TBS were collecEahilar to all other sets, data weakso
collected at 500, 1000, 1500, and 2000 Af@bthe sixth set The purposef this
deviationwasto document the stage oécbmposition in the tarpody as the control
bodytransitioned from one stage to the next.

The other nin¢arpindividuals remained unopened until they reached the first
sampling period of 500 ADD. Fiveundred ADD was chosen because previous research
at FARF indicates that mummification occurs on average around 500 ADD during spring
and summer months (Bates, 2014). Until thistfsampling point, each tagnd
corresponding control individual (when ajgable) had notes, photos and temperature

taken daily.

ik &Y

Figure 2.1: Tarp individual at placement.
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Observational Data Collected

During each sampling period the TBS was recorded following the method

provided by Megyesi et al. (2005). The head, torso, and limbs were scored independently

and hen summed to produce a total body sc@ee Tables 2.2, 2.3, and 204

decomposition descriptions and scores for the head, torso, and limbs, respectively.

Table 2.2. Description of Megyesi et al. stages of decomposition and scoring rubric
for the headand neck (Reproduced from Megyesi et al., 2005; Table.2)

Decomposition Stage

Description and scoring rubric

Fresh

1pt Fresh, no discoloration

Early Decomposition

2pts Pink-white appearance with skin slippage and some hair
3pts Gray to green dicoloration: some flesh still relatively fresh
4pts Discoloration and/or brownish shades particularly at edge
drying of nose, ears and lips.

5pts Purging of decompositional fluids out of eyes, ears, nose
mouth, some bloating of neck and face may tes¢nt.

6pts Brown to black discoloration of flesh.

Advanced
Decomposition

7pts Caving in of the flesh and tissues of eyes and throat.
8pts Moist decomposition with bone exposure less than one h
that of the area being scored.

9pts Mummification with bone exposure less than one half tha
the area being scored.

Skeletonization

10pts Bone exposure of more than half of the area being scor
with greasy substances and decomposed tissue.

11pts Bone exposure of more than half the area being scotld
desiccated or mummified tissue.

12pts Bones largely dry, but retaining some grease.

13pts Dry bone.
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Table 23. Description of Megyesi et al. stages of decomposition and scoring
rubric for the trunk (Reproduced from Megyesi et al., 2D5; Table 3)

Decomposition Stageg

Description and scoring rubric

Fresh

1pt Fresh, no discoloration

Early Decomposition

2pts Pink-white appearance with skin slippage and marbling
present.

3pts Gray to green discoloration: some flesh still relativedsh.
4pts Bloating with green discoloration and purging of
decompositional fluids.

5pts Postbloating following release of the abdominal gases, w
discoloration changing from green to black.

Advanced
Decomposition

6pts Decomposition of tissue prodag sagging of flesh; caving
in of the abdominal cavity.

7pts Moist decomposition with bone exposure less than one h
that of the area being scored.
8pts Mummification with bone exposure of less than one half 1
of the area being scored.

Skeletonizéon

9pts Bones with decomposed tissue, sometimes with body flu
and grease still present.

10pts Bones with desiccated or mummified tissue covering leg
than one half of the area being scored.

11pts Bones largely dry, but retaining some grease.
12pts Dry bone.

Table 2.4. Description of Megyesi et al. stages of decomposition and scoring
rubric for the limbs (Reproduced from Megyesi et al., 2005; Table 4)

Decomposition Stage

Description and scoring rubric

Fresh

1pt Fresh, no discoloration

Early Decomposition

2pts Pink-white appearance with skin slippage of hands and/c
feet.

3pts Gray to green discoloration; marbling; some flesh still
relatively fresh.

4pts Discoloration and/or brownish shades particularly at edg
drying of fingers, toes,ral other projecting extremities.
Spts Brown to black discoloration, skin having a leathery
appearance.

Advanced
Decomposition

6pts Moist decomposition with bone exposure less than one |
that of the area being scored.

7pts Mummification with bone expsure of less than one half
that of the area being scored.

Skeletonization

8pts Bone exposure over one half the area being scored, son
decomposed tissue and body fluids remaining.

9pts Bones largely dry, but retaining some grease.

10pts Dry bone.
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Additionally, the bodies were observed daily and extensive notes were recorded.
For control individuals, notes involved recording the presence of any odor, insect activity
(especially maggots and flies), and gross decomposition processes (e.g, bloat, skin
discoloration, marbling, skin slip, active purge, desiccation/mummification, adipocere,
tissue rehydration/moisture, mold, scavenger aityiand skeletonization). For covered
individuals, notes were more limited but consisted of recording presence afi@ny
insect activity especially maggots and flies exiting the tarp, other insects, purge or
liquefaction exiting the tarp at either end, and changes in tarp tightness due tf stage
bloat. When the tarpody was opened additional information on the dguosition
process was recorded

Body Temperature

Externalbody temperature daia degrees Celsius wecellected daily using a
Thermoworks EEUSB-2 data logger from the surface of #@ntrolindividuals and
internaltarptemperaturef thetarpindividualswhich were taken from around the
abdominal aredaily until 500 ADD was reachedl'he purpose was to determine if there
are significant differeces in externabodytemperaturend internal tarp temperature
which may help explain any possiblefdiene@s in decomposition rate&xternal body
temperature and internal tarp temperature data for theéwiodtodies were recorded for a
month in order to establish how many days/ADD of temperature data should be recorded
for each set of remains. The contooldy reached ambient temperature around the 500
ADD sampling period. In addition, Bates (2014) found that bodies placed at FARF
generally reached ambient temperature by two weeks. Therefore, the remaining

individuals in the study had temperature dak&mauntil 500 ADD was reached, and only
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the temperature data from date of placement until 500 ADD was used for statistical
analyses.

Body temperature for the control bodies was taken by placing the data logger
probe on the external skin surfadette pdvic region. For tarpndividuals, a small hole
was made in the tarp near the abdomen area and the temperature probe was placed inside
the tarp to record the internal temperature. The hole in the tarp was covered with
adhesive tape between data colletjoints to prevent any additional access to the body
by insects. The Thermoworks logger was also used to record the ambient temperature
approximately 10 feet from the bypd Temperature for both tagmdcontrolindividuals
was recorded every day untl® ADD was reachedThe differencevas calculated by
subtractingnternal tarp temperatufeom the ambient temperatuaad subtracting
external body temperatufiom theambient temperature whiatas used to calculate the
amount of heat generated by ttecomposition process

Environmental Data and Accumulated Degree Days

Ambient temperatureyind speed, and precipitation recorded every 30 minutes by
the HOBO MicroStation at FARF were collected throughout the study period. The
temperature data was st calculate ADD based on the daily ambient temperature
recordedn Celsiusby the HOBO station

Estimation of ADD Using Megyesi et al. (2005)

The TBS recorded for each body at 500, 1000, 1500, and 2000 ADD was used in
the equation provided by Megyesia. (2005) to calculate the estimated ADD for each
individual. The equation provided by Megyesi et al. (2005) is ADDE- g TBS TES+1.81)

+776.32. Inaccuracy and bias were calculated to determine if the equation provided by
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Megyesi et al. (2005) over under estimates the known ADD of the individuals in the
study.Bi as was cal cul atiadual ABD)/M,(@rdshe absohute eatle A D D
was used for inaccuracy.

STATISTICAL ANALYSES

After data collection, statistical analyses were applieceterchine if there was a
statistically significant difference between the rates of decompositiangandcontrol
individuals. An alpha leve(U-level) of 0.05 was used to ssignificance. First, ftests
were run comparing alarpandcontrol TBS scaoes for each sampling period to
determinaf there wasequal or unequal varianc@nce variance was determined the
appropriate-test was run comping the TBS scores between tam control samples
for all four sampling periodsThese four-tests wergoerformed with the goal of
comparingthe rateof decomposition between tagnd controindividuals.

Internal tarp temperature and external body temperature wereeddor each
set of tarpand control remaingespectivelyduring the first 500 ADD.The difference
wascalculated by subtracting the internal tarp temperature from the ambient temperature
as well as, subtracting the external body temperature from the ambient temghrsiture
was dondor each day temperature data was takBitess wereapplied to determine if
therewas a significant differencetven comparing the calculated differenbeswveen
ambienttemperatur@nd both external body temperature for each control individual and
internal tarp temperature for each tarp individual durimgfitst 500 ADD. A -l&vel of
0.05 was used teetsignificance Additionally, five analysis of covariance (ANCOVA)

were applied to determine if there was a statistically significant differertbe slope of
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theregression linebetweerthe calculateddifferences of ambientandexternal body

temperature or internal tarp temperature.

22



[ll. RESULTS

RATE OF DECOMPOSIION: TARPVS. CONTROLHUMAN REMAINS

The results of the fourtests and-tests performed using TBS scores to compare
the decomposition rate of airpand controremains are presented in Table 3.1. The
mean TBS scores can be found in Figure 3.1. Jthst$ results show that the first two
sampling periods had equal variandesrefore, #ests assuming equal varianeesre
used. The remaining two sampling periods had unequal variandéesests assuming
unequal variances were used. Tiests comparing TBS scores betwésnpand control
remains indicate there was a significant difference in the rate of decoimpagiall four
sample periodésee Appendix C for photos of all remains at each sampling petiod)
all four sampling periods the calculat€BS was greater for the tabodies than for the
control bodies.Additionally, no pattern was apparent in hdwe tarp remains
decomposed.

The deviation in data collection with the sixth set of remains reveals that there is a
difference in deomposition pattern. The tappdy was opened twice before ADD
reached 500 which was the normal first samptiagod forall the other tarindividuals.
The first opening occurred three days after placement when the control body transitioned
to early decomposition. TBS was recorded for both individuals and the TBS score was
higher for the control individual. Some obsehdfferences in decomposition were
discoloration was light brown adiver for thetarpindividual and the control individual
had mostly dark red discoloration with light brown discoloration in the legs. Also
maggots were heavy only from the waist up eglly the face and neck areéthe

control while the targndividual had heavy maggot activity -@lerthe body

23



Additionally, the tarpndividual had skin slippage throughout the entire body while the
control individual had skin slippage only in taens, groin and sides of abdomen.
Lastly, the control individual was in full bloat atfte tarpindividual had no bloat
occurring.

The second opening occurred eight days after placement when the control body
transitioned to advanced decomposition. M&S one point higher in the control
individual. Some differences in decomposition were observedasudiscoloration for
the tarpindividual was grey brown atbver while the control individual had red brown
discoloration. Additionally, the control inddual was ending bloat while the tarp
individual was just beginning to end bloat. Also there was a mass ofldsaoly the
feet of the tarpndividual during the first opening and the second opening had dead
maggots within the tarp.

At the 500 samplingeriod the remains were visually differemtd the TBS
agreed. The tanmdividual had the higher TBS score. Additionally, there were some
differences in decomposition such as more skeletonization, more insect activity, and
more liquefaction was presenhile the control individual was starting to dessicate in the
head and neck region with mild insect activity.

Due to the heavy amounts of insect activity, there smaall animal scavengers
and vultureghat consumed the insects that escaped the confitles cage. Also there
was signs of the smaller scavengers getting inside the cages and partially opening the
tarps to get to the maggots. The tarps were partially opened for less than a day until notes

were taken the following day.
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Table 3.1. ttest & f-test results comparing TBS scores of all
tarp and control remains.

f-test t-test
Sampling | N | score | p-value? | Equal Mean | tstat | df | p-value?
Period variances | TBS!
(ADD)
500 10, | 1.031 | 0.4817 Yes 24.1, | 2.517| 18 | 0.0215
10 21.1
1000 10, | 0.376 | 0.0807 Yes 26.4, | 5.633| 18 | <0.001
10 21.8
1500 10, | 0.207 | 0.0140 No 26, |2.871| 13 | 0.0131
10 22.9
2000 10, | 0.182 | 0.0092 No 26.8, | 3.281| 12 | 0.00655
10 23.8

Tarp, Control
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Figure 3.1: Mean TBS scores of tar@nd control remains at
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POSTMORTEM INTERVAL ESTIMATIONS USING MEGYESI ET AL. (2005)

The estimated ADD (Table 3.8)as calculated for each taspd control
individual using the recorded TBS scamed formula ADD= 16002 TBS TBS+1.81); 776 32
provided by Megyesi et al. (20P5The estimated ADD of targnd control individuals is
compared at each sating period (Figure 3-3.5). The total inaccuracgf the estimated
ADD at each sampling poinbf tarpand control remainshows he inacaracy is much
higher for targndividuals for the first two sampling perio(00 and 1000 ADD)but
the last two sampling periods has greater inaccuragyofarolindividuals(Table 3.3;
see Appendix A for conipte data set)The results of the bias test show that the control
remains have a positil®as(overestimates ADD) at 500 ADD but a negative bias
(underestimates ADD) in all other sampling perio@iee tarpremains on the other

hand,have a positive lsfor all but the 2000 ADD sampling period.
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Table 3.2: Estimated ADD based on TBS Scores

Donations 500 ADD 1000 1500 2000
ADD ADD ADD

D13-2015 737.9042 | 737.9042 | 737.9042 | 1148.154
(T#1)

D06-2015 1148.154 | 1148.154 | 1452.112 | 1452.112
(C#1)

D16-2015 1148.154 | 1148.154 | 1148.154 | 1148.154
(T#2)

D19-2014 737.9042 | 737.9042 | 737.9042 | 916.2205
(C#2)

D19-2015 1853.532 | 1853.532 | 1853.532 | 3104.56
(T#3)

D20-2015 737.9042 | 1148.154 | 4073.803 | 4073.803
(C#3)

D21-2015 407.3803 | 1853.532 | 1853.532 | 1853.532
(T#4)

D21-2014 492.0395 | 492.0395 | 492.0395 | 492.0395
(C#4)

D26-2015 1148.154 | 1853.532 | 1853.532 | 1853.532
(T#5)

D24-2014 407.3803 | 492.0395 | 599.7911 | 916.2205
(C#5)

D31-2015 1853.532 | 1853.532 | 1853.532 | 1853.532
(T#6)

D29-2015 492.0395 | 492.0395 | 492.0395 | 737.9042
(C#6)

D32-2015 492.0395 | 1853532 | 1148.154 | 1853.532
(TH#7)

D23-2015 737.9042 | 737.9042 | 916.2205 | 916.2205
(C#T7)

D34-2015 1148.154 | 1853.532 | 1148.154 | 1853.532
(T#8)

D35-2015 287.0781 | 287.0781 | 287.0781 | 599.7911
(C#8)

D38-2015 492.0395 | 1853.532 | 1853.532 | 1853.532
(T#9)

D39-2015 492.0395 | 492.0395 | 599.7911 | 737.9042
(C#9)

D41-2015 1853.532 | 1853.532 | 1853.532 | 1853.532
(T#10)

D38-2014 209.894 | 287.0781 | 407.3803 | 492.0395
(C#10)
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Estimated ADD Using Megyesi et al. (2005)
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Figure 3.2: Estimated ADD of all tarp and control individuals
at first sampling period (500 ADD)based on TBS scores

Estimated ADD Using Megyesi et al. (2005)
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Figure 3.3: Estimated ADD of all tarp and control individuals at

second sampling peod (1000 ADD) based on TBS scores.
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Figure 3.4: Estimated ADD of all tarp and control individuals at third
sampling period (1500 ADD)based on TBS scores

ADD

4500

4000

3500

3000

2500

2000

1500

1000

500

Estimated ADD Using Megyesi et al. (2005)

I
LA
/ LY
¥ \
7 A Y
d Ny
!
“'
-—em
1 2 3 4 5 6 7 ) 9 10
Donation
- = = Tarp CONtrol — eom—Actual ADD

Figure 3.5: Estimated ADD of all tarp and control individuals at
fourth sampling period (2000 ADD)based on TBS scores.
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Table 3.3: Bias and inaccuracy of estimated ADD at the
four sampling periods.

Control Tarp
ADD Bias Inaccuracy | Bias Inaccuracy
500 74 198 613 635
1000 -356 415 671 723
1500 -494 1008 30 393
2000 -866 1281 -162 383

TEMPERATURE:TARPVS. CONTROL

The resultof the five ftests ad t-testspeformed compared theifference
between ambiertemperaturend both external body temperature for each control
individual and internal tarp temperature for each tarp individual during the first 500 ADD
are presented in Table 3.4. Both equal anequal-tests were used based on tesults
of the variance test Two ttests showed that there was a significant differevizen
comparing the differences in temperature betwegnsets otarp and control individuals
(Figure 3.6 and 3.7), whildere were not significant differences the other three sets
of remaingFigure 3.83.10). In the two comparisons that were significant the
temperature was greater inside the tarp compared to the external skin temperature of the
controls during most ahe sampling period.

The results of five analysis of covariance (ANCO\p&rformed using the
differencebetween ambient and both external body temperature for each control and

internal tarp temperature for each tarp for the first 500 ADD are preserifadlen3.5.
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The results showed that only D2915 (Tarp#3) and D2R015 (Control #3) had a
significant difference inthe slope of theegression lines while the other four were not
significantly different (Table 3.5, Figure 3.6Jhe difference in this @ was caused by
a high spike in temperature inside the tarp from days 7 to 15.

Table 3.4: Results of {ests andf-tests comparing differencebetween

ambient temperature and both external body temperature of controls
and internal body temperature of tarp remains.

f-test t-test

Donations | N? score | p-value? | Equal tstat | df | p-value?
variances

D132015 | 23,23 | 2.67 |0.012 | No 1.35 |36 |0.18
(T#1) &
D06-2015
(C#1)

D192015 | 20,20 | 10.81 | <0.001 | No 3.31 |22 | 0.0031
(TH#3) &
D20-2015
(C#3)

D31-2015 | 17,17 | 5.75 | 0.00055 | No 3.02 |21 |0.0064
(TH#6) &
D29-2015
(C#6)

D342015 | 17,17 | 1.71 |0.146 | Yes 0.97 |32 |0.33
(TH#8) &
D35-2015
(C#8)

D382015 | 16,16 | 2.317 | 0.057 | Yes -0.46 |30 | 0.642
(TH#9) &
D39-2015
(C#9)

Yinternal tarp temperature, External
body temperature
U = 0.05
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Temperature Difference for first 500 ADD
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Figure 3.6: Temperature differencebetween ambient temperature and
both external body temperature of D262015 (C#3) and internal tarp
temperature of D192015 (T#3).
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Figure 3.7: Temperature difference between ambient temperature
and both external body temperature of D292015 (C#6) and internal
tarp temperature of D31-2015 (T#6).
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Temp Difference for first 500 ADD
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Figure 3.8: Temperaturedifference between ambient temperature
and both external body temperatureD06-2015 (C#1) and internal
tarp temperature of D13-2015 (T#1).
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Figure 3.9: Temperature differencebetween ambient temperature
and both external body temperature D392015 (C#9) and internal
tarp temperature of D38-2015 (T#9).
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Temperature Difference for first 500 ADD
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Figure 3.10: Temperature differencebetween ambient temperature
and both external body temperature D352015 (C#8) and internal
tarp temperature of D34-2015 (T#8).

Table 3.5: Analysis of covariance (ANCOVA) comparing difference
between ambient temperature and both externabody temperature of
control remains and internal tarp temperature of tarp remains.

Donations | SS df | MS F p-valuet
D13-2015 | 47686.07| 1 | 47686.07| 0.7785| 0.388
(T#1) &
D06-2015
(C#1)

D19-2015 | 3803728 | 1 | 3803728 | 22.244| 0.000172
(T#3) &
D20-2015
(C#3)

D31-2015 | 170395.6|1 | 170395.6/ 1.8911| 0.189
(T#6) &
D29-2015
(C#6)

D34-2015 | 201712.6|1 | 201712.6| 1.206 | 0.289
(T#8) &
D352015
(C#8)

D38-2015 | 64195.63|1 | 64195.63| 0.805 | 0.384
(TH#9) &
D39-2015
(C#9)

0 = 0.05
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V. DISCUSSION AND CONCLUSION

Plastic tarps are commonly used to conceal and dispose of deceased humans due
to criminal activitiegForbes et al., 200%Komar, 2003; Manhein, 1997 herefore, it is
important to understand the effects of wrapping a body in a plastibdaom the rate of
human decompositionMost previous studies examinirije decomposition process of
humanremainshave been conducted on bodies placed uncovered on the ground surface.
Therehas beeminimal research on the effects of wrapping on the rateiafan
decomposition Theprevious studies that have examined differences in the
decomposition rate between covered and uncovered bodies have eithemiossdd
remains as human substituf@ell 2013;Shattuck 2009; Hyder 200Goff 1992; Kelly
et al. 2M9; Voss et al. 201 Matuszewski et al. 20)4r the sample size has been
extremely smal{Cahoon 1992; Goff 1992; Miller 2002; Dautartas 2009; Phalen 2013).
Therefore, this study was undertaken to compare the differeneedmposition
between tar@ndcontrolbodies using a relatively large sample of human remains with
known postmortem intervals.

RATE OF DECOMPOSITION: TARP VS. CONTROHUMAN REMAINS

This study showed thatrappedhuman remains in plastic tarps laastatistically
significant effect a the rate of human decompositias measured by TB&hen
compared to remains in a @eal Texas environment. Tharpbodiesdecomposed
significantly fastethan the uncovered bodie$he deviation in the data collection
revealed that in this instandeetcontrol body was decomposing fagees measured by
TBS) earlier on and dhe 500 ADD sampling peridthe tarpremains were decomposing

faster. This result may be due to a delay in insect activity and less liquefaction within the
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tarp but further studs of this earlier period needs to be examirigdss (1997) observed
that a fleshed body can become skeletonized rapidly due to certain environmental
conditions such as high temperatures, humidity, heavy insect activity, and shade from
direct sunlight. Tierefore, this study examined the role of temperature in the differences
in decomposition rates.

According to the five-tests performed, temperature was significantly different in
only two sets of remains, while the other three sets of remains hegigmincant
differences in temperature. These resshow that temperature megntribute to the
difference observed in rate of decomposition betwagrandcontrolindividuals, but
temperature is unlikely the primary factor for the different ratekeobmposition
observed betwen the control and tafpodies. One reason that temperature may not have
played a dominate role in this study was th#tof the remains that had temperature data
taken were placed in a seshaded area of FARF which couldve contributed to both
tarpandcontrolremains having similar temperatures. Alternatively, had these remains
been placed in an open area with direct sunlight for majority of the day the temperature
may have been significantly different due te tarpsability to retain heat. However, it
should be noted that Dautartus (2009) also found no significant temperature difference
betweerntarpandcontrolbodies. While Bell (2013) also found fairly consistent
temperatures between all three pigs.

The differencein decompositiobetweenarpandcontrolbodies thers most
likely dueto anincrease irmoisture andnsect activity within the tarpNo quantifiable

test for moisture content and insect activiigs used in this study, but previously
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researchersasobserved thatetainingof moistureand increased insect activitgually
skeletonizes remains at a much quicker (@@loway 1997).
MOISTURE

While moisture was not quantified in this study, extensive notes were taken that
can provide some informath about the role of moisture in the decomposition process.
At each sampling point, tharpremains always had moist decompositional fluid and
liquefied tissue within the bottom of the tarp which kept the remains (seistphotos in
Appendix C) Fluid loss occurred at the head or foot regions of the tarp. This process
subsequently immerses the body in moist decompositional fluid which allows advanced
decomposition especially maggot activity to occur for a longer period of time compared
to the controlsurface decomposition, which became desiccated (Haskell et al. 1997;
Kelly et al. 2009; Zhou and Byard 2011).

Hyder (2007) examined the decomposition processna pigs enclosed in
separatesealed container The results show that the rate of decontposivas
significantly slower than the control he key variable that caused this difference was
lack of insect activity due to the enclosed contair@@nly three of the nine containers
had insect activity and most of the maggots were dead due to haecit of air. Another
factor was the humid micrenvironment that was created within the container.
Temperature data collected within the containers shows that it maintained a steady
difference from the ambient temperature throughout the summer mdrtasumidity
prevented mummification from occurring while the control mummified which caused

prolonged advanced decomposition. Hy(@&07)concluded that the enclosed micro
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environment causedarly decompositioto have a slower rate whitkeletonizatia was
accelerated

Temperature and moisture are both contributing factors with regards to rate of
decomposition within this study since insect activity was dependent on both of these
factors. As Hyder (2007) showed humidity was preasmwell as highretemperatures
but rate of decomposition was sloveance insect activity was controlled for his is
further evidence that these two variables are contributing and not causal factors in the rate
of decompositionn this study

INSECTS

Previous researabn wrapped or covered remains shows fitastictarps
providesa protectivewarm, humidandshaded environment which creates greater insect
activity (Anderson 2001Kelly et al. 2009; Shirley et al., 2011; Clark et al., 1,99@ss
2011). Additionally, if remains are uncovered the maggots will leave the skin alone and
only feed on the inside of the body so that the skin is left as a barrier from the sun (Bass
1997). Certain compounds and environments such as ammonia, hydrogen sulphide,
pherononesand masture are important stimulates for ovipositigm@erson 2001;
Amendt et al. 2004 Successful development of eggs and larvae require moisture
therefore, oviposition does not occur in dehydrated or mummified tissue (Amendt et al.
2009). Blow flies are durnal species which means that they do not ovipost at night,
however, they will often ovipost in dark areas such as under wrappings, in containers and
dark basements during the daytime (Anderson 20Ad{litionally, survival ofearly
instar larvaas degendent on liquid protein, so as decompositional fluids accumulate

within the tarp more sites of oviposition are created which result in larger maggot masses,
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therefore, decomposition occurs at faster rates (Smith 1986; Anderson 2Qfihg
each samplingeriod of this study a greater amount of insect larvae was\odas
associated with the tatppdies compared to the control bodiédso insect activity for
the tarpremains persisted throughout the entire study but as the control remains became
desiccatd the insect activity consisted of beetiesl antonly. Both tarp and control
remains had similar insect colonization that consisted of blow fly larvae, soldier fly
larvae,variety ofbeetlesandarts. During summer months thiemperatures can also
exceed the pper threshold limits of insect larvaausing a delay in their development
(Kelley et al. 2009).During samplingoeriods, dead maggots eve observed in the tarp
but there was stilheavy insect activity Predation on insects by scavengersioec
duringthe study period of both tagnd control remains which had little impact overall
on number of colonizers (Anderson 2001).

OTHER FACTORS

It is possible that other factors such as differences in body mass could have
contributed to the differax in the rate fodecomposition between the taapd control
remains.As Table 2.1 showthe ages range from 21 to 95 with an average age of 65.
Also males and females were split evenly with ten edttere are two instances where
the tarp body has a roln bigger body mass than the control, however, there are two
instances where the control body has a much bigger body mass than the tarp body. The
other six pairs have relatively similar body massHsese factors were not controlled for

since it would hae limited the sample size and extended the data collection period.
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ESTIMATION OF ADD USING MEGYESI ET AL. (2005)

Megyesi et al. (2005) method was used to compare decomposition rates and
estimateADD in this study. Th&@BS scores for every individualas used to estimate
the ADD required at each sampling peridkhe results of the bias test show that the
control remains have a positive bias (overestimates ADD) at 500 ADD but a negative
bias (underestimates ADD) in all @hsampling periods. The tampmains, on the other
hand, have a positive bias for all but the 2000 ADD sampling pefibdt is, in Central
Texas fewer ADD were required to reable bbserved TBS for the tarmividuals than
was predicted by thielegyesi et al. (20059quation while more ADD was required to
reach the observed TBS for tbentrolbodies The inaccuracy is much higher tarp
individualsat ADD 500 and ADD 1000. However, at ADD 1500 and 2000 there was
greater inaccuracy for treontrolindividuals. These resultemonstrate thathe current
Megyesiet al. (2005kquationgio not accurately estima#éD when remains are
wrapped or coveredhereforenew methods specifically designed for wrapped or
covered remainseedto be createdr an adjustment needstie maddo thecurrent
Megyesiet al. (2005kquation Theseresults supportnevious studiethathave been
conducted in the Central Texas area testing the validity of using TBS for PMI estimation
on surfacdhumandecomposition (Suckling 201 Duecker and Mavralas2014).
Additionally, Parks (2011) found the estimation given by Megyesi et al. (2005) to be
consistent with the actual ADD, however, the sangite was one individual inGentral
Texas environmentHowever, Dautartas (2009) found there to be ntssitzally
significant difference but a marked difference was shown between estimated ADD and

known ADD.
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This was the first large scale study to examine the validity of TBS and ADD on
wrapped or covered remains in a Central Texas environniéeise redis showthat the
Megyesiet al. (2005method may only work in certain environmedtge to the
significant variables that the decomposition scoring system did not specifically address
Even ADDestimations othecontrolremains werénaccurate suggestirthat this
method needspdating by adjusting the TBS values and definitimn®flect the
decomposition that occurs inCentral Texas environmenfdditionally, some of the
decompositional changes that occurred with remains within the targatrdlremains
did not fitthe descriptions defined Megyesi efal. (2005)very well. This was due to
the descriptions beingery specificandnot taking desiccation into account for eéduy
region. For example, some of the descriptions have specifidatiatton (e.g., green and
brown) when discoloratiors variable(Suckling 2011; Sears 2013Additionally, within
the article it states that limbs do not bloat or purge fluid which is inaccuratzaarithve
an effect orthedecomposition procegSuckling 2011) Lastly, some of the descriptions
are not in sequential order that decomposition occurs in Central Texas, for example,
under advanced decomposition moist decomposition with bone exposure is followed by
mummification with bone exposure and desimats not an option until the
skeletonization categoipuckling 2011; Sears 2013)

CONCLUSION

Understandindnow decomposition rates of tagmdcontrolremains differ is
crucial toPMI estimaionswhich greatly impacts the forensic science comityun
Currently, there is no decompositional staging scale or method of estirRdM| of

wrappedor covered remains. This is due to lack of research with ample sample sizes and
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using animal substitutes instead of human remains. stinyis of use in stimating

PMI becauseét has a relatively large sample size and it uses human remains.
Additionally, this study will contribute to the field of forensic anthropology by providing
reliable information about the effect wrapping bodies in plastic tarp rabtes on the
decomposition rate in Central Texabhis study adds to the forensic anthropological
literature that has invalidated the Megyesi et al. (2005) as a means to estimate PMI in a
Central Texas environment (Suckling 20 Duecker and Mavroudas P4). Law
enforcement and other forensic scientists should be very caiftimisg the Megyesi et

al. (2005)method and be fully aware of its limitations andonsistent results. PMI
estimations in general are very hard to estimate and usuallywasweide rangesince
there are so many variables (e.g., environment, rREnkeronment, temperature, insect
activity, scavengersiumidity, and solar radiationhpatyou have to take into account that
can effect decomposition.

The primary null hypothes of this study was that tarpmains would have no
statistically significant effect on the rate of human decomposition when compared to
controlremains. The primary null hypothesis was rejected, so temperature was examined
to see if it contributed to éhchange in the decomposition ralfeemperature was found
to be only significantly different in two of the five tesb temperature does not appear to
be the primary contributing factor but may still be playing a role since the temperature
inside the tgr was generally a few degrees higher than on the external surface of the
control bodies. Most of the difference is likely due to increased inséatyaessociated

with the tarpbodies. Because the tarp retains moisture and protecdis#du larvaerbm
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direct sunlight and predators while creating an ideal humid and shaded environment for
the insect larvaw thrive

FUTURE RESEARCH

While this study has increased our understanding of the effect of tarps on the rate
of human decomposition, the primargusal factors are still widely unknowiihis study
foundasignificant difference betwedarpandcontrolremains whilea previous study
with a much smaller sample size in a different environment found no significant
difference in decomposition rate¥he difference in results from this study and previous
studies makes it clear that more studies need to occur to validate these results and
examine what happens in other untested environments. Additionally, this study was
conducted during the summer miosiandt would be of great interest to perform this
study during winter months in Centralxéss. Furthermore, a more-depth study that
could be of interest is the effect of plastic tarps on rate of decomposition when remains
are wrapped and then burieddditionally, the inaccurate results of PMI estimation
using TBS shows that new formulae for a Central Texas environment needs to be created

not only for wrapped or covered bodies but for control bodies as well.
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APPENDIX A: BIAS OF ADD ESTIMATES USING MEGYESI ET AL.

(2005)

Donation 500 1000 1500 2000

ADD ADD ADD ADD
D13-2015 | 237.90 | -262.09| -762.09 | -851.84
(T#1)
D06-2015 | 648.15 | 148.15 -47.88 -547.88
(C#1)
D16-2015 | 648.15 | 148.153| -351.84 | -851.84
(T#2)
D19-2014 | 237.90 | -262.09| -762.09 | -1083.77
(C#2)
D19-2015 | 1353.53| 853.53 353.53 1104.56
(T#3)
D20-2015 | 237.90 | 148.15 | 2573.80 | 2073.80
(C#3)
D21-2015 | -92.61 | 853.53 353.53 -146.46
(T#4)
D21-2014 -7.96 -507.96 | -1007.96 | -1507.96
(C#4)
D26-2015 | 648.15 | 853.53 353.53 -146.46
(T#5)
D24-2014 | -92.61 | -507.96 | -900.20 | -1083.77
(C#5)
D31-2015 | 1353.53 | 853.53 353.53 -146.46
(T#6)
D29-2015 -7.96 -507.96 | -1007.96 | -1262.09
(C#6)
D32-2015 -7.96 853.53 | -351.84 | -146.46
(TH#T)
D23-2015 | 237.90 | -262.09 | -583.77 | -1083.77
(C#7)
D34-2015 | 648.15 | 853.53 | -351.84 | -146.46
(T#8)
D35-2015 | -212.92 | -592.62 | -1212.92 | -1400.20
(C#8)
D38-2015 -7.96 853.53 353.53 -146.46
(T#9)
D39-2015 -7.96 507.96 | -900.20 | -1262.09
(C#9)
D41-2015 | 1353.53| 853.53 353.53 -146.46
(T#10)
D38-2014 | -290.10 | -712.92 | -1092.61 | -1507.96
(C#10)
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APPENDIX B: INACCURACY OF ADD ESTIMATES USING MEGYESI ET

AL. (2005)

Donation 500 ADD 1000 1500 | 2000
ADD ADD | ADD

D13-2015 237.90 262.09 | 762.09 | 851.84

(T#1)

D06-2015 648.15 148.15 | 47.88 | 547.88

(C#1)

D16-2015 648.15 14815 | 351.84 | 851.84

(T#2)

D19-2014 237.90 262.09 | 762.09 | 1083.77

(C#2)

D19-2015 1353.53 853.53 | 353.8 | 1104.56

(T#3)

D20-2015 237.90 148.15 | 2573.80| 2073.80

(C#3)

D21-2015 92.61 853.53 | 353.53 | 146.46

(T#4)

D21-2014 7.96 507.96 | 1007.96| 1507.96

(C#4)

D26-2015 648.15 853.53 | 353.53 | 146.46

(T#5)

D24-2014 92.61 507.96 | 900.20 | 1083.78

(C#5)

D31-2015 1353.53 853.53 | 353.53 | 146.46

(T#6)

D29-2015 7.96 507.96 | 1007.96| 1262.09

(C#6)

D32-2015 7.96 853.53 | 351.84 | 146.46

(T#7)

D23-2015 237.90 262.09 | 583.77 | 1083.78

(CH#7)

D34-2015 648.15 853.53 | 351.84 | 146.46

(T#8)

D352015 212.92 592.62 | 1212.92| 1400.20

(C#8)

D38-2015 7.96 853.53 | 353.53 | 146.46

(T#9)

D39-2015 7.96 507.96 | 900.20 | 1262.09

(C#9)

D41-2015 1353.53 853.53 | 353.53 | 146.46

(T#10)

D38-2014 290.10 712.92 | 1092.62| 1507.96

(C#10)
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APPENDIX C: PHOTOS OHFARP AND CONTROL REMAINS AT EACH

SAMPLING POINT

Figure C.2:

Figure C.1: D12015 D06-2015 (Control #1)

(Tarp #1) at Placement at Placement

Figure C.3: D12015 Figure C.4: DO&015
(Tarp #1) at 500 ADD (Control #1) a600 ADD
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FigureC.5: D132015 Figure C.6: DO&015
(Tarp #1) at 1008DD (Control #1) at 1000 ADD

Figure C.7: D13015 Figure C.8: DO&015
(Tarp #1) at 1500 ADD (Control #1) at 1500 ADD
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Figure C.9: D12015 Figure C.10: DO&015
(Tarp #1) at 2000 ADD (Control #1) at 2000 ADD

. _ Figure C.12:
(Tarp #2) at Placement at Placement
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Figure C.13: D1&015 Figure C.14: D12014
(Tarp #2) at 500 ADD (Control #2) at 500 ADD

Figure C.16: D12014
Figure C.15: D1&015 (Control #2) at 1000
(Tarp#2) at 1000 ADD ADD
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Figure C.17: D182015 Figure C.18: D12014

(Tarp #2) at 2000 ADD (Control #2) at 2000
ADD

Figure C.19: D12015 Figure C.20: D2€r015
(Tarp #3) at Placement (Control #3) at Placement
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Figure C.21: D12015
(Tarp #3) at 500 ADD

Figure C.22: D22015
(Control #3) at 500 ADD

Figure C.23: D12015
(Tgarp #3) at 1000 ADD (Cortrol #3) at 1000 ADD
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Figure C.26: D22015
(Control #3) at 1500 ADD

Figure C.25: D12015
(Tarp #3) at 1500 ADD

Figure C.27: D12015 Figure C.28: D22015
(Tarp #3) at 2000 ADD (Control #3) at 2000 ADD
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Figure C.29: D242015 Figure C.30: D242014
(Tarp #4) at Placement (Control #4) at Placemen

Figure C.32: D242014

Figure C.31: D22015 Control #4) at 500 ADD
(Tarp #4) at 500 ADD ( )
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