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AN ABSTRACT OF THE DISSERTATION OF

Christiane Baigent, for the Doctor of Philosophy degree in Anthropology, presented on February 27,
2024, at Southern lllinois University Carbondale.

TITLE: THE EFFECT OF ALTITUDE ON DECOMPOSITION: TOWARD AN UNDERSTANDING OF
POSTMORTEM INTERVAL IN THE ROCKY MOUNTAIN REGION OF COLORADO

MAJOR PROFESSOR: Dr. Gretchen R. Dabbs

The estimation of postmortem interval (PMI) is a critical component of medicolegal death
investigation. An accurate PMI estimate has the potential to influence the allocation of investigative
resources, establish the probative value of associated biological and material evidence, shape the
analytical framework applied to skeletal analysis, and inform cause and manner of death. Forensic
anthropologists are often tasked with PMI estimation throughout all stages of decomposition and
typically rely on categorical phases of soft tissue and skeletal change purported to correspond to broad
estimates of elapsed time. In an attempt to improve precision, Megyesi et al. (2005) developed the Total
Body Score model (TBS). This quantitative method relies on qualitative assessment of value-assigned
categories of tissue change within three anatomical regions to estimate accumulated degree days (ADD),
and subsequently, PMI. However, the TBS model has failed to prove reliable in a diversity of region-
specific validation studies, emphasizing the need for environment-specific research in taphonomy study.

Toward that end, the rate, pattern, and trajectory of decomposition was assessed among a
cohort of 12 human donors in the high-altitude Rocky Mountain region of Colorado. This research was
performed at Colorado Mesa University’s Forensic Investigation Research Station high-altitude satellite
facility, FIRS-TB40. The site lies at an elevation of 3000 meters/9840 feet above mean sea level (AMSL),
in the Dfc (snow, fully humid, cool summer) climate region. With both significantly higher elevation and
an unrepresented climate classification, FIRS-TB40 introduces a novel environment for the controlled
study of human decomposition. This quadripartite study sought to (1) test the qualitative and

guantitative aspects of the TBS model in a high-altitude environment to assess suitability of application



in the estimation of local PMI; (2) test seven atmospheric variables to assess the utility of integrating
atmospheric data beyond ADD into PMI estimation; (3) establish the rate and pattern of human
decomposition, isolate and describe phasic patterns of soft tissue change throughout the trajectory of
decomposition, and (4) develop a region specific bioecological profile with an emphasis on the
integration of human behavior.

Results: (1) Neither the qualitative or quantitative aspects of the TBS model tested well at high-
altitude and are therefore not recommended for application within the study environment. The
qualitative changes presented in the TBS model were not observed among the high-altitude cohort.
While Megyesi et al. report that time and temperature - as measured by ADD - accounts for 84% of the
variance observed throughout decomposition, ADD accounted for only 42% of the variance observed in
decomposition within the high-altitude cohort.

(2) Seven atmospheric variables were assessed using locally estimated scatterplot smoothing (LOESS)
and multivariate regression. Two of these variables - accumulated solar radiation days (r?= 0.67) and
accumulated windspeed days (r*= 0.65) — explained more variance in decomposition than ADD (r?= 64).
(3) Five categories of phasic, macroscopic soft tissue change, the suite of which is inferred unique to
high-altitude, were identified. These include adipocere formation, trajectory of soft tissue color change,
fluid bloat, tissue island formation, and skin sloughing. Patterns of slope roll and slope wash were also
described to inform the local taphonomic profile.

(4) A forensic bioecological profile was developed using empirically derived patterns of scavenger
behavior, census and land use data, extant ethnographic data, and forensic case study. Analysis
demonstrated that the data sources were cyclically informative and sufficient to develop an early phase
foundational model that will benefit from future interdisciplinary research.

Summarily, the high-altitude region of Colorado is culturally and environmentally distinct. The

observed disparity in rate and pattern of human decomposition between the high-altitude cohort and



the TBS model, and the inadequacy of ADD alone to predict PMI are demonstrative of the need for

environment-specific model building in human taphonomy research.
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CHAPTER 1
BACKGROUND AND INTRODUCTION
1.0 Predictive models in forensic anthropology

The estimation of postmortem interval (PMI) is a critical component of medicolegal death
investigation. An accurate PMI estimate has the potential to influence the allocation of investigative
resources, establish the probative value of associated biological and material evidence, shape the
analytical framework applied in skeletal analysis, and inform cause and manner of death. Decomposition
is a dynamic, but ultimately reductive process. The rate and manner of reduction are dictated by extant
biotic and abiotic variables within both the postdeposition environment and the individual remains.
Medicolegal professionals concerned with PMI estimation are limited by the foundational accuracy of
the methods applied, with concomitant decrease in precision and accuracy over time. Forensic
anthropologists are frequently consulted when tissue dissolution and/or skeletonization preclude the
application of physiochemical methods for PMI estimation. Late-stage PMI estimation - characterized by
skeletonization variably accompanied by desiccated tissue - is further complicated by the interaction
between human remains and the post-depositional environment, which may alter or obscure features
necessary for accurate analysis of PMI, trauma, pathology, and/or the biological profile. These
intercalated, but unpredictable variables necessitate a high-resolution understanding of decomposition
within a microenvironment to reduce the loss of precision attendant to late-stage PMI estimation and to
maximize analytical robusticity.

Late-stage PMI estimation has traditionally been limited to macroscopic analysis of gross tissue
change, anecdotal evidence, and observer experience (DiMaio & DiMaio 2001; Love & Marks 2003).
Detailed descriptions of the environment-specific chronology of gross tissue change are relatively rare,
with comprehensive examples limited to arid environments (Galloway et al. 1989; Galloway 1997; Rhine

and Dawson 1998; Connor et al. 2019), the woodlands of eastern Tennessee (Bass 1997), and a low-



altitude cold environment (Komar 1998). Further, Sorg (2013) provides a macroscopic model for
establishing regional patterns of microenvironmental taphonomic variation. However, these models
were developed within a specific environmental context and are largely derived from retrospective,
cross-sectional data, yielding analytical gaps that have high potential to impact practical and
methodological outcome (Galloway et al. 1989; Komar 1998; Rhine & Dawson 1998). While cold
weather environments have been considered in previous study (Micozzi 1986; Komar 1998; Tersigni
2007; Spencer 2013; Roberts & Dabbs 2015; Pilloud et al. 2016; Turpin 2017), there is currently a
complete lack of longitudinal data pertaining to human decomposition within a high-altitude (> 2400
meters AMSL), cold weather environment.

Historically, the development of ‘universal’ predictive models was undertaken in an attempt to
mitigate the analytical problems associated with regional variation and cross-sectional data sets. An
important step toward understanding the relationship between the environment and the estimation of
PMI was the application of accumulated degree days (ADD) to the continuum of decomposition (Vass et
al. 1992). Accumulated degree days represent the sum of daily mean temperatures within a prescribed
period of time, descriptive of the accumulation of thermal energy units necessary for chemical and
biological reactions to occur, and therefore represents the product of temperature and chronological
time (ibid). Using ADD as indices for temperature and time, research has progressively trended toward
the intercalation of ADD and phasic descriptive models (Megyesi et al. 2005). Early attempts at
gualitative measurement of decomposition were derived from gross assessment of value-assigned
categories of tissue change within three anatomical regions (head/neck, thorax, limbs). The sum of
these scores yields a total body score (TBS) (Megyesi et al. 2005). Application of TBS to the study’s
analytically derived regression equation provides a case-specific estimate of ADD. When applied to local
retrospective temperature data, the ADD estimate in turn yields an estimate of PMI. The authors close

with the recommendation for further study in different ecoregions to independently validate the model



and test the environment specific efficacy and specificity of the model (Megyesi et al. 2005). Vass et al.
(2011) introduced phasic predictive models for the estimation of PMI for buried and surface depositions
correlated to ADD. The authors concede that their method is heavily dependent upon user experience,
thus demonstrating that attempts to quantify human decomposition remain largely dependent upon
gualitative observation. Citing errors associated with rounding, temperature scale, and the data set
inappropriate application of a linear regression model, Moffat et al. (2016) proposed an improved
equation for the estimation of ADD within the TBS model. The authors modified the data set observed in
the Megyesi et al. (2005) study based on criteria unique to their study and applied an ordinary least
squares linear regression model to the data. The output was a new regression equation, which the
authors assert is a superior fit to the data (Moffat et al. (2016) equation r?=0.91 / TBS Model (2005) r?=
0.84). However, it is of note that while the data were derived from the ‘same’ sample set, Moffat et al.
(2016) reduced the sample from 68 to 15 cases. Further, Moffat et al. cite ambiguity and disparities in
the temperature scale applied in the TBS model, asserting that the authors present temperature data in
both Celsius and Fahrenheit, and in numerous tables, wholly fail to specify which scale was used. When
considering the suite of individual daily temperature means associated with individual cases presented
within Megyesi et al.’s data set, the post hoc conversion of Fahrenheit to Celsius produces a more
seasonally appropriate temperature series than those reported in the original study. Summarily the
disparities identified within the original TBS study involving variables as fundamental as temperature
scale are disconcerting at the least and highlight the necessity for ongoing validation study.

The dependence on observer experience in observation of phasic decomposition change is due
in large part to the polyvalent nature of decomposition — the rate and pattern of gross tissue change are
not catalyzed by temperature alone, as the TBS/ADD models suggest. Variables such as pH, UV
exposure, ground temperature, precipitation, solar radiation, partial pressure of atmospheric gasses,

slope angle, and insect, microbial, and faunal succession all have the potential to impact the local rate



and pattern of decomposition (Nawrocki 2009). The catalytic potential for each variable depends on
their concentration, affinity for coexisting variables within the microenvironment, and the constituent
molecular byproducts of human decomposition. Therefore, “universal” temperature-centric models for
late-stage estimation are overly reductive. Several subsequent validation studies of the TBS model have
failed to produce the intended results and homogenously find that predictive disparity is greatest in
late-stage estimation. Regions reporting disparities include the Rocky Mountain region of Colorado
(Baigent et al. 2014), the arid region of western Colorado (Connor et al. 2019), the arid region of
southern Texas (Suckling 2011), southeastern Australia (Marhoff et al. 2016), and South Africa (Myburgh
et al. 2013). Additionally, empirical research has demonstrated that temperature models are sensitive to
local fluctuations, suggesting that the location of the temperature measurement source within a region
may constitute an additional source of error (Dabbs 2010; 2015). Thus, reductive model building is not
sufficient for application to complex biological processes, nor is homogeneous application appropriate
within a geographic area as large, climactically, and ecologically diverse as the United States.

Analytical complexity in PMI estimation is intensified by the entanglement of intrinsic/extrinsic
and biotic/abiotic variables. Decomposing human remains constitute the focus (and often foci) of an
emerging ecological community defined by a myriad of climactic, pedological, floral, and faunal activity.
Extant flora and fauna are spatially relative, making an understanding of local climate, geology, and
ecology (biogeoclimatic variables) critical to PMI estimation. Due to the polyvalent complexity of
regional decomposition patterns, Haglund and Sorg (2001) and Sorg (2013) assert that higher resolution
data pertaining to the ecological context be collected to more fully understand the complex of variables
that impact taphonomic processes. This has microscopic (local) implications (such as more accurate
intraregional PMI estimation models and taphonomic profiles), as well as macroscopic implications (such
as a more accurate understanding of the interregional variables paramount to the continuum of human

decomposition).



1.1 The removal of anthropology from forensic anthropology: The Daubert Standard and its lasting
impact.

Critical to the task of constructing regional decomposition profiles - but largely overlooked - is
an understanding of regional patterns of living human interaction with the environment. Congram
(2013) argues that passage of the Daubert standard in 1993 initiated the fracture of forensic
anthropology from traditional anthropological theory and method. The Daubert standard yielded a set
of criteria used to determine the admissibility of expert witness testimony in federal court and assigned
the task of expert qualification to the presiding judge (509 U.S. 579 1993). Because a judge cannot be
presumed to be versed in the intricacies of expert qualification across the spectrum of disciplines from
which an expert may be drawn, the standard established guidelines for determining the validity of
expert methodology. Within these standards, validity is based on: (1) whether the theory or technique in
guestion can and has been tested; (2) whether it has been subjected to peer review and publication; (3)
known or potential error rate; (4) the existence and maintenance of standards controlling its operation;
and (5) whether it has attracted widespread acceptance within the relevant scientific community
(Christensen & Crowder 2009).

The intention of the Daubert standard was to ensure the adherence of professionals to best
practice in the analytical and methodological approaches that would have bearing on the course of
judicial proceedings. The Daubert standard emphasized the need for practitioners within the
anthropological community to critically reevaluate the techniques and methods used in skeletal
examination, as well as assess the validity of the underlying scientific theories. Because osteological
analysis relies on a composite of scientific theory and methodology, as well as less empirical lines of
observation, case study evaluation, and practitioner experience, reaction within the discipline was
dramatic (Christensen 2004; Christensen & Crowder 2009). The passing of the Daubert standard sent a

ripple of urgency through the anthropological community, yielding both necessary change, as well as the



spread of misinformation and overzealous reaction (Grivas & Komar 2008). Haglund et al. (2001) warned
that interpretation and processes of human behavior are outside of the purview of forensic
anthropologists and suggested that anthropologists limit their documentation to fact and the
construction of expert witness documentation. While this sentiment is critical to analytical and
methodological approaches to osteological analysis, the message was extended to encompass all
aspects of forensic anthropological inquiry, including field search and recovery, where the burden of
methodological defense is mitigated by the practicality of the pursuit (i.e. whether or not a decedent has
been recovered is unlikely to be a contested fact of a case, as successful recovery of the decedent will
serve to validate the applied methodology). However, the application of patterns of human behavior to
forensic anthropological practice came under fire along several analytical lines, based on the assumption
that these lines of inquiry were overly qualitative in nature and therefore unable to meet the criteria set
forth by the Daubert Standard.

Clandestine body disposal relies on knowledge of the landscape, type of terrain, and local
patterns of technology access, proficiency, and use. Ethnography is uniquely suited to the task of
establishing local patterns of human/environment interaction but has largely been avoided in forensic
anthropological context. As practitioners trained in a holistic approach to human biology and behavior,
forensic anthropologists are uniquely suited to assess patterns of human behavior within a local cultural
complex. However, this pursuit has been restrained by the subdiscipline’s (mis)interpretation of the
Daubert standard. In many regards, early reaction to the Daubert standard effectively removed the
‘anthropology’ from forensic anthropology, leading critics within the four-field disciplines to minimize
the subdiscipline as a series of practitioners applying a skill set, rather than as a fully realized
subdiscipline guided by both scientific and anthropological endeavor (Armelagos 2011). In an era where

the fracture of the four-field approach has become an issue of increasing concern (Calcagno 2003;



Armelagos 2011) holistic, integrative research performs the dual task of reinforcing the holistic approach
and reasserting forensic anthropology into the four-field discipline.
1.2 Structural rejection of the four-field approach

The American Academy of Forensic Sciences (AAFS) was established in 1948 as a
multidisciplinary, professional, collaborative society concerned with precision, professionalism, and
accuracy in the application of science to law. Under the pioneering efforts of Ellis Kerley and Clyde
Snow, anthropologists collectivized to form the Physical Anthropology Section in 1972. Between 1972
and 2015, the section remained largely committed to the exclusion of archaeologists, bioarchaeologists
not specifically trained as forensic anthropologists, and cultural and linguistic anthropologists. This was
made apparent through the engagement of arguments on the floor of the section’s business meetings,
and the section’s refusal to formally vote on broadening their criteria for section membership. The
exclusion of archaeologists involved in forensic taphonomy study and practice, and forensic search and
recovery efforts was seen by many as especially egregious (Ubelaker 2018). As a result of their exclusion
from the Physical Anthropology Section, archaeologists collectivized in 1984 and formally established
themselves as a group under the umbrella of the AAFS General Section. In 2015, after almost 45-years of
debate, the Physical Anthropology Section voted to rename the section “Anthropology.” However, the
history of exclusion has had a lasting impact on the section among both advocates and opponents of the
change. While speaking at a 2023 AAFS symposium entitled, Beyond the Science: The Value of
Anthropological Forensics, respected anthropologist Bruce Andersen stated, “...our discipline has been
exclusionary. For years we excluded bioarchaeologists, many of whom know a hell of a lot more about
the human skeleton than some forensic anthropologists do.” While many forensic anthropologists were
inarguably trained in bioarchaeology, those not trained by, and practicing as, a forensic anthropologist
were unable to join the section. While the section continues to recognize its exclusionary ‘past’ toward

the four-field approach, the lack of diversity among students and practitioners has more recently been



identified as a critical issue facing both the section, and the discipline as a whole today (Tallman & Bird
2022).

In 2017 the Anthropology Section Chair responded to the popular appeal to contend with this
lack of diversity by creating a temporary ad hoc Diversity & Inclusion (D&I) Committee. In 2018 the
Diversity and Outreach Committee (DOC) was established and introduced, and formally approved by
voting members of the Anthropology Section in 2019 (Tallman 2020). However, debate arose when the
Anthropology Section’s DOC was quickly and suddenly dissolved by the governing Academy, who cited
the need for an Academy wide DOC (Ropero-Miller et al. 2020). Initially there was support within the
Anthropology Section for Academy wide expansion of the committee, but protest quickly arose when
the Academy’s version of the DOC was perceived as a largely inactive red herring, uninvested in the
vision of the original DOC, and largely ineffective in forwarding and achieving its goals (Tallman 2020).
Internally, members of the Anthropology Section were divided in opinion. Proponents of the
Anthropology Section specific DOC cited the critical need to address both the section’s lack of diversity,
and the need for forensic anthropologists (acting as anthropologists first) to actively engage in protest
against the escalating violence, racism, and structural inequalities plaguing BIPOC, LGBTQA+, and other
underrepresented communities. Opponents within the section cited the need to remain impartial in
sociopolitical issues to avoid alienating the law enforcement agencies for whom forensic
anthropologists’ consult, and to avoid potentially undermining the perception of an anthropologist’s
objectivity while engaging in matters of jurisprudence (Tallman 2020). The results of survey-based
research presented by Winburn et al. (2022) identified a strong correlation between categorically
defined generations and intra-section division of opinion on engagement and impartiality. Younger
generations advocated for engagement, while older generations advocated for impartiality. Regardless
of individual stance, it is critical to understand the historicity of division within the Anthropology Section

as a means of understanding associated macroscopic values, politics, ritual, and symbolism. These



macroscopic patterns and values cyclically impact perception of group access, group mobility, individual
modes of engagement within, and potential for group assimilation, which further influence the structure
of membership, modes of participation, perception of opportunity, and availability of resources.

1.3 Forensic Taphonomy

In its modern form, forensic taphonomy has largely been a collaborative effort between
archaeologists, bioarcheologists, and forensic anthropologists, and unique in its refusal to impose the
same social and analytical restrictions on theory, research, and practice. Despite early exclusion from
prominent professional organizations such as AAFS, archaeologists and bioarchaeologists have
continued to make critical contributions to the field of forensic anthropology.

Broadly defined, taphonomy is the study of the sum of phenomena that affect the remains of a
biological organism peri- and post-mortem — famously defined by Efremov (1940) as the transition from
biosphere to lithosphere. Established at the cross section of geology, archaeology, paleontology, and
biological anthropology, the 1980s and 1990s saw forensic taphonomy crystalize as a distinct
subdiscipline governed by its own theory and method (Haglund & Sorg 2007b). Three primary goals of
forensic taphonomy are (1) to estimate postmortem interval; (2) distinguish between human activity
and natural processes; and (3) to recreate the circumstances surrounding the time of death (Haglund &
Sorg 1997).

These goals are expanded upon by Nawrocki (2009) with the assertion that forensic taphonomy
is concerned with multilinear interactions between environmental factors (geotaphonomy), human
remains and their individual factors (biotaphonomy), and the assailant/victim interaction and
subsequent decedent deposition (behavioral factors). In the forensic anthropologist’s role as osteologist,
the primary concern is the construction of the biological profile. Likewise, the role of the taphonomist is
to produce a taphonomic profile, collected, organized, and presented within the framework of

environmental, individual, and cultural factors. While “cultural factors,” are largely limited to



consideration of the interaction between perpetrator and decedent, the emphasis placed on human
behavior within the analytical network demonstrates that forensic taphonomists are not reticent to
incorporate modes of human behavior into theory and practice. As a result, the subdiscipline is uniquely
positioned to broaden the scope of environment-specific human behavior profiles, as they pertain to
forensic investigation. This study is therefore concerned in part with broadening the scope of human
behavior in anthropological context within the theoretical and analytical framework of forensic
taphonomy.
1.4 Research Objectives

This research proposes to establish a holistic taphonomic profile of the high-altitude Colorado
Rocky Mountain Region (CoRM). This profile will also be referred to as the regional forensic ecological
profile. ‘Forensic ecology’ is used to denote the suite of competing and cooperating environmental
variables that are relevant to forensic investigation. These variables include spatially and temporally
distinct configurations of biogeoclimatic variables that impact the deposition, decomposition, and
disarticulation of human remains in an outdoor environment, and may therefore impact the course of a
forensic investigation. Development of a meaningful regional taphonomic profile necessitates: (a) local,
longitudinal, multivariate, empirical assessment of the rate and pattern of human decomposition; (b)
documentation of the local biogeoclimatic zone (i.e. holistic consideration of the physical environment);
and (c) forensic ecological context that includes invertebrate and vertebrate behavior, with an emphasis
placed in this study on integrating local patterns of human behavior into an understanding of the
greater local environment (Sorg 2013; Connor et al. 2019). Toward that end, this study seeks to establish
a multivariate taphonomic profile of the high-altitude Rocky Mountain region of Colorado. The four

analytical lines of inquiry emphasized in this study are as follows:
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Test the TBS model along two analytical lines: (1) the efficacy of the TBS model for qualitatively
describing the pattern of gross decomposition change at high-altitude; and (2) test the
application of the quantitative TBS regression equation for efficacy and accuracy in predicting
PMI in a high-altitude environment.

Describe the longitudinal macroscopic rate, pattern, and trajectory of human decomposition
within a sample placed in an outdoor setting at high-altitude both qualitatively, and
guantitatively to assess the relationship between TBS and site-specific environmental variables
not considered in the TBS model.

Isolate and describe gross tissue change postulated to be unique to the local rate and pattern of
decomposition in a high-altitude outdoor setting, to be applied in future study to establish a
score matrix and a predictive model(s) for the estimation of postmortem interval in a high-
altitude environment.

Develop a region specific forensic ecological profile that includes local atmospheric variables,

invertebrate and vertebrate behavior, and local human behavior.

1.5 Research Models

1.5.1 Qualitative Aspects

This study will score all human remains following the TBS model (Megyesi et al. 2005). While

preliminary research suggests that the model is not appropriate for quantitative application in this high-

altitude environment, the qualitative model provides a universally understood method for numerically

describing the continuum of decomposition. Qualitative assessment will follow two phases:

1. Isolate the major categorical changes defined by the TBS model, including mode and trajectory of skin
slippage, purge, soft tissue color change, marbling, bloat, moist decomposition in order to document the
incidence and prevalence of presentation among the high-altitude cohort.

2. Establish these categorical changes as a qualitative metric against which to identify and describe
divergent modes of gross tissue change.

11



1.5.2 Quantitative Aspects

Analyses of the quantitative aspects of this study are foundationally based on Fischer’s (1956;
1971) statistical approach to scientific inference. Fischer advocates for the articulation of a null
hypothesis (or null hypotheses) which asserts that no predicted relationship or analytical difference
exists between two measurable variables. The null hypothesis serves as a fulcrum upon which the
weight of the data (i.e., the p-value) may be accepted (p<0.05) or rejected (p>0.05). The null hypothesis
affords this study numerous advantages: (1) it prevents overstatement of the statistical relationship
between the variables under investigation; (2) the underlying assumption that a statistical relationship
between ADD and TBS exists, as supported by previous study (Megyesi et al. 2005; Moffat et al. 2016) is
tested; and (3) the underlying assumption that a statistical relationship exists between TBS and
atmospheric variables not considered in the TBS model but proposed in this study is tested. Linear
regression analysis was applied by Megyesi et al. (2005) in the development of the TBS model to derive
an equation for application in the prediction of PMI. The fundamental basis for testing the power of a
new data dataset within an existing model is to compare the outcome derived from the same model.
Therefore, linear regression was applied in this study to compare the relationship between Total Body
Score (dependent or response variable) and Accumulated Degree Days and Postmortem Interval
(independent or explanatory variables). A statistical threshold of p<0.05 was pre-established to evaluate
the significance of the relationship between variables.
1.6 Research Hypotheses
Null hypotheses to be tested: Postmortem Interval

HO1: Within the high-altitude sample, Accumulated Degree Days (a numeric synthesis of
temperature and time) will not affect decomposition as represented by the Total Body Score model.

H02: Within the high-altitude sample, site-specific environmental variables (individually used as the

numeric synthesis of variable and time) will not affect decomposition as represented by the Total Body
Score model.
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Null hypotheses to be tested: Reliability

HO3: There will be no difference in TBS within a random subset of the sample re-scored by the
author.

HO04: There will be no difference in TBS within a random subset of the sample scored by a second
observer.

1.6 Conclusion

The estimation of postmortem interval (PMI) is a critical component of medicolegal death
investigation. However medicolegal professionals concerned with PMI estimation are limited by the
foundational accuracy of the methods applied, associated error rates, and decrease in precision over
time. Late-stage PMI estimation - characterized by skeletonization variably accompanied by desiccated
tissue - is further complicated by the interaction between human remains and the post-depositional
environment. Early attempts at homogenizing language and methodology in PMI estimation resulted in
a bifurcate approach. This bifurcation was defined by one branch concerned with region-specific model
building, and a second branch concerned with universal model building, undertaken in an attempt to
mitigate the analytical problems associated with regional variation and cross-sectional data sets. Absent
from both lines of inquiry is study of the unique variables associated with the high-altitude environment.

While ‘universal’ PMI estimate models are limited in scope by their temperature-centric
framework, so too are the forensic ecological profiles associated with region specific model building.
This trend is due in large part to both the passage of the Daubert Standard, and a history of four-field
exclusion by the Physical Anthropology Section of the American Academy of Forensic Sciences. The sum
of these two variables has fostered the self-imposed segregation of forensic anthropologists from the
four-field anthropology community, despite the ability of the four-field approach to provide valuable
insight into regional modes of human behavior that may carry forensic significance.

Forensic taphonomy provides a practical and analytical framework within which to synthesize

the contributions of all four fields to the forensic sciences. A collaborative effort between
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archaeologists, bioarcheologists, and forensic anthropologists, forensic taphonomy is unique in its
refusal to impose the same analytical and methodological restrictions on theory, research, and practice.
This study is therefore concerned with testing the efficacy of the discipline’s primary ‘universal model,’
(the TBS model) for application in a high-altitude environment, establishing the rate and pattern of
human decomposition at high-altitude, and establishing a region-specific forensic ecological profile to
include vertebrate and invertebrate scavenger behavior, human behavior, atmospheric variables beyond

temperature, and forensic case study.
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CHAPTER 2
LITERATURE REVIEW
2.0 Human Decomposition Research Facilities in North America: A Case for High-altitude Study

Human taphonomy research facilities study human decomposition in natural, outdoor contexts.
While research protocols, policy, and procedure are unique to each facility, goals trend toward the
development of a local ordinal scale to describe the trajectory of human decomposition, from fresh
tissue to advanced decay. Human decomposition research facilities in the United States increased from
one in 1981 to eight in 2019. With the exception of the Forensic Investigation Research Station (FIRS) at
Colorado Mesa University, and the Forensic Research Outdoor Station (FROST) at Northern Michigan
University, these facilities are climatically and topographically collectivized within ‘the southeast region,’
of the United States (Figure 2-1). While this collectivization does not accurately represent distinct local
patterns of environment specific variation observed throughout the southeast (encapsulated by
ecoregional variation; see Figure 2-6), it does demonstrate the need for empirical data derived from
regions outside of the broad temperate-humid climate classification zone within which each of these
facilities is established.

In 2012, Colorado Mesa University commenced construction of the Forensic Investigation
Research Station (CMU-FIRS). CMU-FIRS is located on Colorado’s Western Slope, a geographic region
named and defined by its position west of the Continental Divide. The facility is distinct from similar
taphonomy research facilities in both elevation (1350 meters/4430 feet), and climate (semi-arid —
steppe). The FIRS is currently the highest elevated facility in the United States, followed by Western
Carolina University, oriented at 645 meters/2116 feet AMSL. Under the Directorship of Melissa Connor,
the first human donor was placed in 2013 and represented the initiation of controlled study of human
remains both within Colorado, and west of the 100" meridian. Decomposition at the FIRS is

characterized by rapid desiccation, resulting in a prolonged period of dermal and visceral retention, a
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trajectory demonstrated to be unique to the region (Connor et al. 2019). Located east of the FIRS, the
Colorado Rockies rise abruptly from the eastern plains and the western high-elevation plateaus,
bisecting the two regions with imposing average elevations of 3300 meters/10800 feet - 4400
meters/14400 feet (Madole et al. 1987). While adjacent to the Colorado Rockies, CMU-FIRS is oriented
at a significantly lower elevation. Extant decomposition research performed in the Colorado Rockies is
limited to small scale studies using human analogues. However, while limited in depth and breadth,
these studies, concerned with forensic entomology (DelJong & Chadwick 1999; Allaire 2002) and the TBS
model (Baigent et al. 2014) consistently suggest that decomposition at high-altitude varies significantly
from published patterns established at lower elevations. To date, no empirical human decomposition
research has been performed within Colorado’s high-altitude Rocky Mountain region among a cohort of

human donors.
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Figure 2-1: Distribution of Decomposition Facilities within the United States and their respective
Koppen-Geiger Climate Classes. Star indicates project location, FIRS TB-40 (Kottek et al. 2006;
numeric data added).
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In an effort to address this analytical gap, the Commissioners of Park County Colorado deeded
40-acres of land to Colorado Mesa University for the purpose of human taphonomy research. In 2018,
the site was formally inaugurated as a CMU-FIRS satellite facility (FIRS-TB40; indicated by star on map,
Figure 2-1). FIRS-TB40 is located in the town of Como, in Park County Colorado. The site lies at an
elevation of 3000 meters/9840 feet AMSL, in the Dfc (snow, fully humid, cool summer) climate region.
With both significantly higher elevation and an unrepresented climate classification, FIRS-TB40
introduces a novel environment for the controlled study of human decomposition.

The importance of empirical research related to practical forensic casework within the Rocky
Mountain region cannot be overstated. The heavily populated Denver Metro area, east of the Rocky
Mountains, has experienced exponential annual population growth since the 2012 legalization of
recreational marijuana (World Population Review 2024). With the exception of a slight decrease in 2019,
between 2018 and 2022 (most recent year of reporting) the National Uniform Crime Reporting Program
(UCR), Colorado Bureau of Investigations (CBI) reports a steady increase in violent crime throughout
Colorado (Colorado Bureau of Investigations 2024). Within a two-hour drive of the Denver Metro area,
Park County represents 2211 square miles of rural space primarily populated by farms, ranches,
homesteads, and licensed and illegal marijuana grow operations. Statistics reported by the Park County
Coroner’s Office demonstrate that 22% of deaths reported in 2022 were out-of-county residents (D.
Kintz, Personal Communication), while the adjacent Summit County Coroner’s Office reports that out-of-
county residents represented 47% of deaths in 2022 (Baigent 2023). These statistics are highly indicative
of the region’s large visiting, and attendant, transient populations.

While Summit County is more densely populated, Park County and surrounding rural counties
are ideal for clandestine body disposal, although clandestine body disposal is not the only source of
body deposition in the region. High-altitude is identified as a major risk factor in suicide. While studies

support a significant correlation between altitude and suicide, current hypotheses variably attribute the
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phenomenon to hypoxia, individual characteristics, firearms ownership and access, and differences in
population density. Despite the range, the causal mechanism has not been isolated. (Reno et al. 2017;
Betz et al. 2011). The region is also popular for recreation and supports a robust industry of local and
out-of-state visitors that travel to the region to participate in outdoor recreation. Not all visitors are
adequately prepared for the vast, mountainous, rugged terrain, which has high potential to result in
injury or death. Additionally, altitude has the potential to exacerbate pre-existing chronic conditions as
well as initiate acute pathogenesis. For example, acute mountain sickness may initially present as
benign, but rapidly progress to potentially fatal forms of high-altitude cerebral edema (HACE) and high-
altitude pulmonary edema (HAPE) (Netzer et al. 2013). While suicide and accidental death are unlikely
to result in litigation, they do necessitate the allocation of investigative resources in order to safely
perform search and recovery operations, and accurately identify, estimate postmortem interval, and
designate cause and manner of death to known and unknown human remains.
2.1 Empirical Research - Decomposition in the Colorado Rocky Mountains

Empirical research has demonstrated that decomposition at high-altitude is unique in rate and
pattern. Allaire (2002) investigated the composition of arthropod succession, and the rate of
decomposition using three pig carrion within three biogeoclimatic zones ranging in elevations from 2040
meters/6700 feet to 3353 meters/11100 feet. Results suggest that the rate of decomposition slows as
elevation increases, which the author attributes to prolongation of the bloat stage. Further, natural
mummification - defined as drying of the epidermis and loss of body hair - was observed at the two
highest elevation sites (2900 meters/9600 feet and 3353 meters/11100 feet, respectively).

Delong and Chadwick (1999) assessed arthropod succession in north central Colorado using
rabbits as a human analogue. The study cohort was situated at five sites ranging from 2713 and 4191
meters AMSL. Macroscopic patterns of decomposition were described in relation to generations of

insect development. The authors observed a correlation between increase in elevation, and: (a)
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reduction in arthropod species diversity; (b) delay in carrion biomass reduction; (c) prolongation of the
bloat stage; and (d) reduction in successful development of larval cohorts. Scavenging was a notable
catalyst for the acceleration of decomposition rate at higher elevation sites, while slower rates were
concomitantly observed among members on the un-scavenged cohort. The authors attribute the arrest
in decomposition rate to colder temperatures and freezing associated with overwintering at higher
elevation sites.

Baigent et al. (2014) conducted a small sample (n = 4) study using porcine carrion sharing similar
size and body composition. Carrion were concurrently placed at high-elevation (2800 meters AMSL) and
lower-elevation (1,200 meters AMSL) sites within Colorado. The TBS model was applied following
Megyesi et al. (2005) to visually assess decomposition, and accumulated degree days (ADD) were used
as indices for time and temperature to compare the rate and pattern of soft tissue change within and
between the two sites. Results demonstrated that rate, pattern, and trajectory of decomposition varied
significantly between the two sites. While the TBS model suggests that the relationship between
decomposition and temperature is paramount, resulting in a (mostly) linear relationship, observation at
high-altitude suggests greater complexity in the relationship between decomposition and temperature.
A quantitative comparison of TBS and site specific ADD shows a dramatic disparity between the curve of
the two categories. Specifically, as predicted by the TBS model, ADD increases linearly across time.
However, in contrast to this linear path, the TBS scores derived from observation at the high-altitude
site present dramatic undulations (Figure 2-2). While Megyesi et al. (2005) report that temperature
accounted for 80% of observed variance in decomposition in their study, a comparison of actual TBS to
concomitant local precipitation at high-altitude demonstrates that precipitation has a substantial impact
on the rate and pattern of TBS presentation across time in the high-altitude Colorado Rockies (Figure 2-
3). While the sample was too small to derive any statistical power, a simple graph of the data is

compelling.
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Figure 2-2: Actual ADD (blue) versus actual TBS (red) at high-altitude site: note the incidence of
score undulation, contrasting the assumption of the TBS model that TBS and ADD will share a linear
relationship across time (Baigent et al. 2014).
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Figure 2-3: Daily total body scores (red) at high-altitude versus actual precipitation (blue). Note
correspondence between rapid score reduction and precipitation (Baigent et al. 2014).

Further, the qualitative TBS model was not sufficient for describing gross decomposition change
at either site. At the lower altitude site, porcine remains desiccated, resulting in stasis of gross
decomposition at TBS=24. These results are consistent with longitudinal observations subsequently

made at the FIRS within a large human cohort (Connor et al. 2019). At high-altitude, decomposition was
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characterized by transcutaneous eruption of the viscera, proliferative maggot colonization, and
interdigitated saponification of dermal layers which slowed the rate of late-stage decomposition
(Baigent et al. 2014).

The results of these studies aid in establishing Colorado’s high-altitude region as analytically and
investigatively distinct. However, the sample sizes are small and subsequent research has established
numerous problems associated with the use of pigs as human proxies (Connor et al. 2018; Dautartas et
al. 2018). Research advocating for the continued use of pigs as human proxies do so while suggesting
reform. These studies argue that the use of pigs in TBS study minimally necessitates the application of a
modified scoring model sufficient to encapsulate the anatomical and physiological differences that exist
between pigs and humans (Keogh et al. 2017). On a larger scale, quantitative studies comparing the rate
and pattern of porcine versus human decomposition suggest that the use of pigs as human analogues in
decomposition studies is specious, and recommend that care be taken when a porcine study cohort is
applied to (in)validation of studies performed among human cohorts (Connor et al. 2018; Dautartas et
al. 2018).

2.2 Empirical research — Cold environment decomposition

Human derived data pertaining to taphonomic change in cold and high-altitude environments
are restricted to the observation of archaeological bone, and animal bone used as a human analogue to
describe patterns of cold and ice-induced osseous change. In a series of controlled exposure
experiments, Turpin (2017) subjected 52 lamb bone segments (2-4 cm in length) to cold, freeze-thaw
cycles, freeze-drying, and water immersion to assess the impact of cold on the microstructure of bone.
After treatment, bone segments were thin-sectioned and examined under a stereomicroscope. Cold
exposure resulted in microscopic cracking across all treatment groups, with morphological differences

presenting between treatment groups. While transverse cracks occurred across all treatment groups,
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osteonal microfracture was limited to sections exposed to rapid freezing. Macroscopic cracking was
limited to one bone segment in the freeze-dry treatment group.

While presented as foundational research, several aspects of this study are problematic. In
cross-section, the microstructure of human (haversian) bone is composed of a series of cylindrical canals
surrounded by a network of canaliculi and lacunae housing osteocytes, these cylindrical structures
repeat in layers of concentric lamellae to form the osteon. In gross simplification, haversian bone is a
series of osteons that facilitate dynamic processes of osseous deposition and resorption throughout the
life cycle (Hillier 2007). Conversely, animal (plexiform) bone is the result of mineral buds that develop
first transversely, then longitudinally in relation to the outer bone surface, producing a brick like
infrastructure (ibid). Due to fundamental differences in structure, patterns in microfracture in human
bone cannot reasonably be extrapolated from microfractures observed in animal bone. Likewise, thin
sections of bone subjected to cold temperature variables are not reasonably representative of whole
bones, as sections are subject to direct interface between freezing elements and internal structures.
Additionally, differences in surface area to volume ratio, closed cortices, and overall morphology
present several significant variables that cannot be overcome in a thin section study. These inferences
are supported by a study of microstructural differences of human bone resulting from samples
subjected to prolonged freezing, and samples never frozen. While scanning electron microscopy
revealed the presence of microfractures, fractures lacked pattern or systematic distribution (Tersigni
2007). The disparity between the two studies reinforces the need for data derived from human samples.

Although limited to case study, studies of whole human bone in a cold environment have been
performed. Pilloud et al. (2016) present a case study of historic bones recovered 60 years postmortem
from an aircraft crash site on the Alaskan Colony Glacier. Observations made within the case study
yielded a taphonomic signature characterized by (1) movement of the remains (estimated to be

approximately 300 meters per year and attributed to glacial movement); (2) dispersal of remains (the
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displacement of both fragmentary and whole skeletal elements from anatomical orientation due to
glacial movement); (3) altered bone margins (exposure of trabecular bone and the ‘fraying’ or crushing
of overlying cortices as a result of glacial load and ice); (4) splitting of skeletal elements (longitudinal
cracking of flat bones attributed to the freeze-thaw cycle and moisture loss; and (5) soft tissue
preservation and adipocere formation (the retention of the ‘fresh’ qualities of bone, preservation of
connective tissue, preservation of soft tissue through sublimation, and adipocere formation). This study
is limited to one historic individual that decomposed at a maximum elevation of 320 meters. However,
the taphonomic profile derived from longitudinal decomposition in a cold environment has the potential
to provide a basis (either divergent or convergent) for taphonomic cold weather changes at high-
altitude.

More broadly, research suggests that bodies subjected to variables similar to those experienced
in the Rocky Mountain Region yield distinct rate and pattern of decomposition. Komar (1997) performed
a retrospective analysis of cases of advanced human decomposition submitted to the Medical
Examiner’s Office in Edmonton, Alberta, Canada, a region that experiences an annual average of five
months of consecutive freezing. Accumulated degree days (ADD) were applied to known postmortem
interval to estimate seasonal rate of decomposition. Skeletonization typically occurred in less than six
weeks in the summer, and within four months in winter, despite freezing temperatures. The author
concludes that while overwintering significantly slows the rate of decomposition, it does not arrest the
process, as has been previously suggested in the literature (Megyesi et al. 2005; Vass 1992).

Micozzi (1986) assessed the effect of freezing and thawing on the trajectory of decomposition
among a cohort of Wister rats. The control group presented predictable patterns of decomposition
catalyzed internally by microbiota, resulting in putrefaction of the viscera. Conversely, the frozen-
thawed group presented decompositional change that initiated externally, resulting in degradation of

superficial dermal and connective tissue structures, which in turn facilitated infiltration by external
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microbiota and arthropods. Summarily, the rate of decomposition was comparatively accelerated in the
frozen-thawed group and the pattern of decomposition was distinct. Similarly, Roberts and Dabbs
(2015) report significant differences in rate and pattern of decomposition between frozen and never
frozen porcine subjects. However, in this study, frozen subjects decomposed significantly slower than
the unfrozen control group. While divergent in their conclusions, the results of these studies suggest
that freeze and freeze-thaw patterns observed in the cold-weather environment have a high potential
for impact on the presentation and trajectory of human soft tissue and skeletal decomposition.
The sum of the data suggests that universal models for predicting rate and pattern of decomposition are
insufficiently equipped to contend with regional biogeoclimatic diversity. While some of the variables
associated with decomposition in cold environments have been studied in isolation, there is a need for a
comprehensive, longitudinal, empirically based study of decomposition at high-altitude to establish a
meaningful model for the estimation of postmortem interval.
2.3 The Use of Categorical Models to describe Gross Decomposition

Initial steps taken toward describing the trajectory of human decomposition were done through
establishment of phasic or categorical stages of soft tissue and skeletal change. Early comprehensive
examples are limited to arid environments (Galloway et al. 1989; Galloway 1997; Rhine & Dawson 1998),
the woodlands of eastern Tennessee (Bass 1997), and a low-altitude cold environment (Komar 1998).
The earliest of these human decomposition studies were performed in eastern Tennessee. While
documenting insect succession and progression within a sample of four human donors, Rodriguez
(1982), following Reed (1958), categorized human decomposition into four qualitative stages (fresh,
bloat, decay, and dry). Bass (1997) expanded upon this model to define five stages of human
decomposition (fresh, fresh to bloat, bloated to decay, dry, and bone breakdown). Galloway et al. (1989)
and Galloway (1997) defined five categories of change retrospectively observed within a forensic case

series derived from Arizona’s Sonoran Desert (fresh, early, advanced decomposition, skeletonization,
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and extreme decomposition). Galloway’s model diverged from contemporaries and predecessors with
the addition of sequential, phase specific, descriptive subcategories of change that yielded a higher
resolution model of decomposition within the region.

Because categorical models were necessarily broad and largely lacked intracategorical
description relevant to all microenvironments, the pursuit of establishing a ‘universal model,” for PMI
estimation became paramount. An early attempt made by Vass et al. (1992) relied on biochemical
change to demonstrate that the sequential degradation of volatile fatty acids collected from cadaver soil
and ADD shared a positive relationship. Vass et al. define ADD as the sum of daily mean temperatures
within a prescribed period of time, descriptive of the accumulation of thermal energy units necessary for
chemical and biological reactions to occur, and therefore representative of the product of chronological
time and temperature combined. While this model has garnered little attention in practice, it: (a) more
broadly introduced anthropologists to Van’t Hoff’s Rule, which states that as temperatures increase by
10 °C, chemical reactions catalyze 2-3 times faster; and (b) provided a renewed interest in the
application of ADD as an index for temperature and time in human decomposition studies.

With the introduction of the TBS model, Megyesi et al. (2005) provided the first synthesis of
categorical (qualitative) and mathematical (quantitative) model building into one comprehensive
predictive model. The TBS model is predicated upon the relationship between decomposition and ADD -
purported to be (mostly) linear — to provide an estimation of PMI. Following Galloway et al. (1989) the
TBS model divides decomposition into four stages (fresh, early, partial, skeletonization); each stage
contains intra-categorical descriptions assigned a point value. Resolution is further increased through
division of the body into three anatomical sections (head/neck, trunk, limbs), each governed by a unique
score matrix. The sum of scores derived from each body section on a single observation day yields the
total body score (TBS), which when applied to the study’s regression equation, yields an estimate of

ADD. Estimate ADD represents a mathematical approximation, while actual ADD represents the sum of
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daily mean temperatures within a prescribed period of time. The ADD timeline is defined by the date of
discovery, and retrospective, site-proximal temperature data are used to count actual ADD backward
from this point in time. When actual ADD (correlated to a specific calendar day) and estimate ADD
approximate the same sum, an estimate of PMlI is produced. A summary of the TBS model’s analytical

flow in PMI estimation is presented in Figure 2-4.
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Figure 2-4: Summary of steps performed in PMI estimation as outlined by the TBS model
(created following Megyesi et al. 2005).

Within its intracategorical descriptions, the TBS model uses ‘classic,” descriptions of
decomposition change (skin slippage, purge, soft tissue color change, marbling, bloat, moist
decomposition). These categories were once considered to be both universal and sequential,
(demonstrated by the mode and pattern of their use in the TBS model) but have increasingly been

proven to diverge in sequence and instance of presentation, and in weight as a catalyst for
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decomposition (Connor et al. 2019). Because these categories will serve as a source of qualitative
inference in this study, a brief description of each category is provided.

A. Skin slippage: An early postmortem change catalyzed by the release of hydrolytic enzymes by
cells lining the dermal-epidermal junction. As the dermal interface barrier is compromised, the
epidermis begins to separate from the deeper, denser, keratinized dermis. The upset of
structural integrity results in superficial tissue layers that may form fluid filled pockets (bulla),
provide shelter for feeding larvae, or otherwise be easily removed or displaced (Clark et al.
2006).

B. Marbling: Postmortem staining of the intima of large blood vessels by hemolysis (autolysis of
red blood cells) and gravitational settling of blood. This process is visible on external surfaces of
the body and morphologically maps the large blood vessels of the circulatory system (ibid).

C. Bloat: In vivo homeostatic processes dictate volume and type of bacterial growth. The
postmortem breakdown of carbohydrates, proteins, and lipids catalyze unbridled bacterial
growth. A byproduct of bacterial metabolization is the release of gases which aggregate and
expand when trapped within the lumen of the stomach, resulting in distention of the abdomen,
proximal limbs, and the neck (ibid).

D. Purge: Concomitant to the confinement of gasses is the release of a major constituent element,
hydrogen sulfide (H,S). H.S is a major progenitor in the decomposition of internal organs.
Because the source of HS is the gas entrapped in the lumen of the stomach, the gastrointestinal
tract is especially sensitive to its effects. As liquefaction occurs in the gastrointestinal tract, the
trapped gasses provide the pressure necessary to expel these fluids through peripheral

openings, including the anus, eyes, ears, nose, and mouth (ibid).
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E. Soft Tissue Color Change: Color change is a dynamic process that occurs throughout
decomposition. The progenitors of color change are not well understood but are the byproduct
of at least two decomposition phenomena. These include: (1) the decomposition of hemoglobin
and conversion of the heme constituent into a series of bile pigments; and (2) formation of
precipitates of H,S within vessels and tissues. The macroscopic phenomenon of color change is
the result of these byproducts interacting with tissues composed of different cellular volume
and type, affected extrinsically by environmental variables (Gill-King 2006).
F. Moist decomposition: The presentation of the collective process of endogenous decomposition
(putrefaction) as bacterial metabolization pushes gasses to organ and peripheral tissue
structures. As the structural integrity of superficial tissue structures begin to degrade, the
macroscopic purging of fluids is visible across affected body surfaces (ibid).
2.4 The Colorado Rocky Mountains: A Unique Environment

Of equal importance to the endogenous factors of decomposition are the exogenous variables
within the local environment, which may serve to accelerate or impede the trajectory of decomposition.
The Rocky Mountain Region of Colorado extends more than 3000 miles from northern British Columbia,
Canada to the state of New Mexico in the Southwestern United States. While the region presents
general trends in geological, altitudinal, and ecological continuity, the Colorado Rocky Mountains
(CoRM) present several spatially distinct characteristics. Traits that distinguish the CoRM from the
contiguous Rocky Mountain chain include unique: (a) geology; (b) climate; (c) altitude; and (d) ecology.
FIRS-TB40 is located in the South Park (Park County) Region of the Colorado Rockies. South Park is a
grassland flat oriented within the basin of the Mosquito and Park Mountain Ranges in Central Colorado
(Figure 2-5). This position is important because it constitutes an interface between the Eastern and
Western slopes, which are biogeoclimatically distinct, largely due to their spatially unique interaction

with trade winds and attendant climate patterns as they cross the continental divide (Cannings 2005). As
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such, the position of the South Park Basin between the two slopes yields an amalgam of biogeoclimatic
variables otherwise independently observed, providing an analytically neutral research domain
reflective of both the East and the West slopes.

2.4.1 Geology

Homogenous geologic features of the contiguous Rocky Mountain chain include Precambrian
metamorphic rock, and sedimentary argillite superimposed by Paleozoic limestone and dolomite.
Regionally distinct patterns of geologic formation began during the Pennsylvanian, when Precambrian
metamorphic rock was thrust upward through layers of limestone and dolomite, forming the Ancestral
Rocky Mountains. Erosion throughout the Paleozoic and Mesozoic eras resulted in exposure of extensive
sedimentary beds. Geologic division characterized the northern and southern Rockies throughout the
remainder of their formation. While uplift of the Canadian Rockies was the result of tectonic collision,
the CoRM were formed by subduction of the Farallon plate beneath the North American plate. The
result of this subduction was the dramatic uplift of crust, resulting in the angular thrust of superimposed
sedimentary layers, hypothesized to have exceeded 6100 meters/20,000 feet in height. Erosion
spanning 60 million years has yielded the current landscape of the CoRM, characterized by the highest
peaks in the Rocky Mountain chain (4400 meters/14,440 feet) and transient landscapes defined by
dramatic slopes, rapid erosion, and dynamic, high mineral content soils (Cannings 2005).

The South Park region is primarily undercut by Paleozoic and Mesozoic sedimentary and
volcaniclastic rocks that host a stratabound uranium deposit superimposed by a layer of glacial moraine.
The moraine promotes high drainage capacity while the underlying granitoid rock yields mineralization
that make local soils dynamic and rapidly mutable as minerals and sediment filter through the
environment (Scarbrough 2001). Locally, FIRS-TB40 is bisected north to south by a steep, rocky moraine-
like ridge, making it representative of regional geologic patterns. When these dynamic, well-drained

soils are contextually collated with the dramatic slopes that characterize the CoRM, the product is a
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capricious landscape where the confluence of gravity, slope, and geology constitutes a powerful
taphonomic agent. In sum, yielding a spatially relative and characteristically unique environment that
serves to promote the movement of human remains and the drainage of decomposition fluids.
2.4.2 Climate of the Colorado Rocky Mountains

The climate of the Rocky Mountain region is recognized as among the most extreme on the
continent, a phenomenon largely attributed to complexity yielded by the interaction between high-
altitude and competing trade winds (Cannings 2005). The competing physical effects of gravity and
temperature result in the net reduction of atmospheric pressure at high-altitude. As pressure drops, the
adiabatic lapse rate results in a concomitant temperature decrease of approximately 1 °C for every 100
meters (300 feet) of elevation gain. Climatic patterns in the region are unpredictable and characterized
by rapid change. Summers are mild, and winters are defined by heavy snowfall (215 cm annual average)
with persistent snow overburden and high precipitation (35 cm annual average). Annual temperatures
reach average lows of -12.78 °C; winters are characterized by snowfall and high winds that produce
white-outs and promote a perpetual state of atmospheric motion, despite the presence of an ‘inert’
layer of snow overburden. Annual average high temperatures reach 20.55 °C; summers are
characterized by rapid and dramatic changes in air pressure and summer storms that yield wet summers
in a phenomenon referred to as the North American Monsoon. In the spring and summer, a high-
pressure system develops over the middle of the Great Plains and transports warm, moist air from the
Gulf of Mexico north to the Rockies. The humid air is lifted by the afternoon sun, a phenomenon
promoted by updrafts associated with the crossing of high mountain peaks. This cycle results in rapid
cooling and the release of moisture in dramatic thunderstorms. When local temperature and humidity
are sufficient, moisture release may constitute 5-10 percent of a site’s annual rainfall within the span of
one hour (Cannings 2006). Moisture run-off is promoted by steep mountain slopes and dynamic soils.

Dramatic influxes of moisture are punctuated by hailstorms, flash floods, and forest fires that may be
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swept into the apex of competing winds, creating firenadoes — a column of air and fire that sweeps the
landscape and promotes the spread of natural wildfires. While the Canadian Rockies are steeper and
more jagged in appearance, and the Alaskan mountain ranges more treacherous in wildlife, the
respective environments are largely characterized by slow glacial movement, rendering them less
dynamic and chaotically complex than the Colorado Rockies. Summarily, the region is defined by
complex climatic patterns that are unparalleled in the continental United States (Cannings 2006), and
therefore the cross-section of these competing and cooperating weather systems is anticipated to have
a dramatic impact on the local rate and pattern of decomposition.
2.4.3 Ecology of the Colorado Rocky Mountains

The contiguous Rocky Mountain chain is bisected by the Wyoming Basin’s arid plain of short-
grass prairie, which interrupts the distribution of floral and faunal species, rendering the CoRM
biologically distinct from the northern Rockies (Figure 2-6). Because the local microenvironment has a
direct impact on the rate and pattern of decomposition, the entanglement of climate and geography
with local flora and fauna necessitates the intercalation of these variables into local ecoregion
classifications. The distribution of ecoregions across the United States is presented in Figure 2-7 and
further demonstrates the distinctiveness of the CoORM from both the contiguous Rocky Mountain Chain,
and the broader United States. These classifications generalize regions but also serve to provide higher
resolution models for local natural diversity. The United States Department of Agriculture (USDA)
defines ecoregions along four hierarchical levels: (1) domains represent groups of related climates based
on temperature and precipitation; (2) divisions represent a higher resolution climactic model based on
precipitation pattern and level and temperature within a domain; (3) provinces constitute the
subdivision of divisions based on vegetation and other natural land covers; and (4) sections represent

the highest resolution local model based on the subdivision of provinces by terrain and feature.
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In mountainous regions, sections may be assessed in increasing levels of complexity in areas
that exhibit different ecological zones based on elevation. The Rocky Mountain Region of Colorado is
designated M331 Temperate steppe regime mountains: domain — dry; division - Southern Rocky
Mountains steppe — open woodland — coniferous forest; province - alpine meadow. The region is
designated several divisions to represent altitudinal zonation, named from the spectrum of zones from
lower to upper (subnival). Altitudinal zonation is associated with changes in climate, and local floral and

faunal populations, adding an additional layer of biological complexity to the region.
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Figure 2-5: Park County (South Park) region of Colorado: (a) orientation of Park County within the
counties of Colorado (upper left); and (b) topographic map of Park County, approximate location of
study site indicated by red star (https://exploreparkcounty.com/maps-brochures/).
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Figure 2-6: Geographically classified Rocky Mountain Region with the north/south slope divided (red line)
and an approximation of the great divide indicated in yellow (Cannings 2005).
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Figure 2-7: Ecoregions of the United States. The Colorado Rocky Mountains are designated M331
domain — dry; division - Southern Rocky Mountains steppe — open woodland — coniferous forest;
province - alpine meadow (Bailey 1995).
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2.4.4 Site flora

High-altitude and the associated atmospheric variables yield a distinct local landscape at FIRS-
TB40. Primary site flora includes scrub grasses and stunted juniper with low canopy cover. Brush, weeds,
and grasses grow to variable heights within the understory and include wormwood, sagebrush,
fireweed, blue grass, cord grass, and sedges. While tree populations are sparse, the shedding of pine
needles across time has resulted in a substantial layer of tree duff on the eastern slope. The site is
further characterized by tree fall in various stages of decomposition and short spiney cacti.
2.4.5 Site fauna

Park County hosts a diversity of wildlife including large-bodied ungulates such as elk and moose,
medium-bodied ungulates such as white-tailed deer and ibex, and diverse taxa of rodents, avians,
reptiles, and arthropods. From a forensic perspective, arthropod and vertebrate scavengers have the
highest potential for interaction with decomposing human remains and are therefore of primary
interest. Baigent et al. (2019) assessed local scavenger succession and progression at TB40 using four pig
carrion. The results indicated that turkey vultures (Cathartes aura), ravens (Corvus corax), and black-
billed magpies (Pica hudsonia), were the three primary cooperative avian species that shared an affinity
for scavenging throughout early and advanced decomposition. Coyotes (Canis latrans) were less
numerous but facilitated greater gross tissue loss. American black bears (Ursus americanus) constituted
the final wave of scavenger succession. While documented onsite, black bears did not exploit carrion, an
observation consistent with those reported by Baigent et al. (2014) at a second high-altitude site in
Colorado Rockies. Figure 2-8 presents an overview of scavenger succession and progression observed

within the first 30 days of this study.
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Figure 2-8: Overview of daily scavenger succession and progression by species, observed in the first 30
days of study among a cohort of pigs at the study site Baigent et al. (2019).

2.4.6 Human Physiology — High-altitude Environments

In addition to environmental distinctiveness, high-altitude regions are associated with
behavioral and physiological distinctiveness. ‘High-altitude’ is clinically defined by three subcategories
that reflect elevation and the amount of oxygen available in the atmosphere, these categories include:
(a) high altitude (1500 — 3500 m); (b) very high altitude (3500 — 5500 m); and (c) extreme altitude (5500+
m). Environmental and physiological effects become appreciable above 2400 meters (Imraya et al.
2010). Physiological adaptations associated with high-altitude structurally and functionally impact the
oxygen transport chain, and among many variables, include increased (1) efficiency in oxygen transport
(Scheinfeldt & Tishkof 2010); (2) hemoglobin production and concentration (Rupert & Hochachka 2001);
(3) nitric oxide synthesis to promote blood flow regulation; and (4) increased rate of respiration (Beall &
Goldstein 1987). In high-altitude regions, these physiological changes are spatially and temporally
distinct, suggesting that they have been selected for repeatedly, but with variable, population specific

outcomes (Windsor & Rodway 2007). In addition to these longitudinal adaptive changes, multiple
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pathways for temporary physiological change associated with acclimatization to hypoxia have been
identified.

Modes of acclimatization have been more generally and heterogeneously adapted among and
between human populations. In the early phase of hypoxia, cardiopulmonary metabolic demands are
favored, a byproduct of which is the suppression of short-term non-essential metabolic function such as
digestive efficiency. Hyperpnea and an increase in cardiac beats per minute with a concurrent decrease
in stroke rate define early acclimatization. Blood pH is elevated (pH > 7.45) as a byproduct of increased
respiration (respiratory alkalosis), with concomitant reduction in arterial levels of carbon dioxide. Full
acclimatization is achieved across days and weeks, during which respiratory alkalosis is mitigated by
renal excretion of bicarbonate. Carbohydrate catabolism is slowed, resulting in a decrease in lactate and
pyruvate production which summarily upsets the rate of adenosine triphosphate (ATP) synthesis.
Decreased plasma volume due to increased red blood cell mass results in increased hematocrit, signaling
anastomosis formation resulting in higher concentration of capillaries in skeletal muscle tissue
containing increased levels of the iron- and oxygen-binding protein myoglobin, mitochondria, aerobic
enzyme concentration, 2,3 Diphosphoglyceric Acid (2,3-BPG), a three carbon isomer that decreases the
affinity of hemoglobin for oxygen, hypoxic pulmonary vasoconstriction, and right ventricular
hypertrophy. Peripheral to the heart, pulmonary artery pressure is increased in an attempt to increase
blood oxygenation. Long term physiological response to the high-altitude environment include
environment specific cascades of circulatory, respiratory, and hematological adaptations, highlighting
the range of phenotypic diversity in altitude-response phenotypes (Bigham & Lee 2014).

2.4.7 Cultural patterns of the Colorado Rocky Mountains

Like physiological adaptation, cultural adaptation to high-altitude is temporally and spatially

relative. Broadly, these changes include locally distinct subsistence patterns, especially among mode and

pattern of plant and animal domestication, novel fuel sources, clothing technology, ritual modeled to
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promote respiratory efficiency, and marriage and kinship configurations (Barton 2016). Locally, the
CoRM serves as a gateway to North America’s ‘Wild West’ and as a result has been imbued with cultural
narrative, rendering the mimesis iconic in American popular culture. The dramatic landscape of the
CoRM is spatially and visually distinct, resulting in its idealization and mythologization, yielding complex
and heterogeneous cultural geographies that are historically, temporally, and spatially distinct
(Holtkamp et al. 2018).

Heterogeneity in ‘mountain culture’ may be related to early settlement patterns within the
American West. Early settlement was heavily influenced by the physical environment, resulting in
communities isolated by distance and inhospitable terrain (Gastil 1976). Longitudinally, this pattern of
discrete settlement resulted in a nodal pattern of cultural development. Historicity in the Rocky
Mountain region is most deeply influenced by indigenous populations, followed temporally by French
fur trappers whose passage into the region was delayed by isolation and rugged terrain, making it one of
the last regions of colonial settlement in the Continental United States (Gastil 1976). Colonization of the
vast and harsh landscape necessitated deployment of extensive industrial resources, industry centered
on resource extraction, and extensive manipulation of the inhospitable landscape. As a result, successful
settlement was characterized by individuals physically and psychologically suited to contend with the
unique demands of the harsh environment (Woodward 2011; Holtkamp et al. 2018). Across time,
increased ease of inter- and intra-region travel, and high amenity values have resulted in greater cultural
admixture and fluidity within the contemporary Rocky Mountain west. However, distinct cultural
differences between longtime residents and in-migrating residents remain palpable (Mountain
Migration Report 2021).

2.5 Introducing Cultural and Environmental Perception Theory to Forensic Anthropology
Because local culture is distinct in all areas of practice, it has the potential to play an integral

role in forensic investigation. Statistics provided by both the Park and Summit County Coroner’s Offices
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demonstrated that out-of-county deaths constitute a substantial percentage (22-47%) of each county’s
annual deaths. While outdoor deaths in the region may be the result of an acute medical event,
accident, or suicide, these statistics further imply that while the mountainous terrain is difficult to
traverse, the rural, wooded landscape does not dissuade clandestine body deposition. However, while
present in practice, behavioral complexity associated with ‘entering’ remote landscapes suggests that
back country death and body deposition is sensitive to modes of individual habitude.

Despite the vast landscape and the percentage of state and federal lands that facilitate access to
the outdoors, ‘entering’ the Rockies is not a simple task, as the rugged terrain makes access to off-
highway rural landscapes complex. Practical consideration is rendered more complex by formal and
informal sanctions associated with property ownership. Rural homesteads and ranches are typically
characterized by extensive fence and firearm protection, while legal and illegal drug production has
resulted in the synthesis of locally controlled ‘territories’ that are recognized by local residents - but
unlikely by outsiders - as dangerous or no-access zones. When discussing outdoor recreation in the
CoRM, a common question posed by people unfamiliar with the region is, “but how do you know where
to go?” This simple question makes a critical point. Despite the existence of volumes of publications
pertaining to outdoor recreation in the Rocky Mountain region, and thousands of mapped trails, an
individual unfamiliar with the region may feel limited by a lack of personal knowledge of the landscape
(Dyson-Hudson & Smith 1978).

Formal and informal sanctions and individual proficiency act as barriers to individuals
attempting to access a landscape. Environmental perception theory offers a framework within which to
understand the complexity with which the human-environment relationship is imbued. In theorizing
modes of environmental perception, Gibson (1979) argued against the dichotomized mind and body and
instead asserted that a network of sensory pathways facilitates the perceiver’s immersion into his or her

environment. In this model, the environment is a dynamic, multilinear process of sensory input and
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processing that promotes construction of the environment and self-perception. Drawing on Gibson,
Ingold (2000) argues against the dualistic approach to the biophysical and sociocultural human that
pervades along four-field intradisciplinary lines. While forensic anthropologists recognize and purport to
observe the biocultural approach, many remain guilty of prioritizing human morphology and post hoc
consideration of behavioral patterns derived from spatial analyses in forensic investigation. Ingold
suggests that human perception of the environment is an ongoing project brokered by skills
incorporated into the human organism through practice and training in the environment. Since practice
implies change in proficiency, the implication is that perception of the environment is an ongoing,
dynamic project with historic, spatial, and temporal relevance. The ‘person’ is not an organism walking
around on the environment, but an organism immersed in the environment. Nor is the person a mosaic
entity composed of discrete but complementary parts such as mind/body/culture, but a “singular locus
of creative growth within a continually unfolding field of relationships” (Ingold 2000:4-5).

Ingold (ibid) considers environment perception theory along three primary analytical lines: (1)
cultural differences are foundationally rooted in differences in skill; (2) skill does not reflect a
generalized set of capacities, nor is it innate; and (3) skill can only be understood in the context of the
environment. Ingold does not regard ‘skill’ as a simple series of technical tasks performed by the body,
but reflective of the totality of the whole organic-being, manifest in their capabilities of action and
perception within an environment. As properties of the indivisible human composed of
mind/body/environment, skills are both biological and cultural. Skill is reflective of the sum of the
biocultural experience and therefore the term is not used to refer to a general set of technical capacities
that are transferable or innate. Culture facilitates the sharing of knowledge - culture does not ensure
proficiency in skill. As a result, skills are regrown and reincorporated across generational lines in an
ongoing series of human development modulated by training and experience through performance.

Subsequently, skill can only be understood in the context of active engagement with the constituents of
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the (social, physical, biological) environment. Humans are one form of organism in a world composed of
manifold types of human and non-human forms. Therefore, relations among humans — while often
regarded as unique social beings — are merely a subset of ecological relations. The thrust of Ingold’s
theory is the ongoing project of skill acquisition which serves to reorient an individual within an
environment across time and space. Urban dwellers express a discomfort with entering rural Rocky
Mountain landscapes because they have not acquired the skill to gain a sense of confidence and
proficiency within the environment.

Environmental perception theory thus provides a framework for understanding why individual
perception of local environments may differ, and the impact this may have on how the environment is
accessed, utilized, and experienced. While a full ethnographic study is outside of the purview of this
project, it is proposed that ‘rapid ethnography’ may provide the framework for which future, holistic
ethnographic study may be achieved. For the purpose of this study, the integration of local human
behavior will be preliminarily achieved (1) macroscopically through a review of human behavior unique
to the local environment, in anthropological perspective; and (2) microscopically through presentation
of local land use and its potential to inform local patterns of human behavior, case data, and a
discussion of human behavior in the local environment.

2.5.1 Human Behavior in Forensic Anthropological Context: Current State

The grounds for the lack of theory-driven ethnography performed to integrate human behavior
into a local forensic ecological profile are many. From a practical perspective, biological anthropologists
are variably trained in cultural anthropology and ethnographic field methods throughout the course of
their education. Once immersed in one’s own subdiscipline, the performance of ethnographic field work
in addition to discipline-specific academic and case consult demands is not practical or viable. However,
resistance to the integration of cultural anthropology into forensic anthropology has deeper roots that

must be considered.
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The cross-section of behavioral, physiological, and cultural modification catalyzed by high-
altitude environments demonstrates active human engagement on multiple levels. This study therefore
proposes to integrate human behavior into the forensic ecological profile. Aspects of the four-field
approach are currently present in forensic anthropology theory, method, and practice. Field search and
recovery operations are heavily informed by archaeological theory and method (Dupras et al. 2012;
Manheim et al. 2006; Listi et al. 2007). Similar calls have been made for the consideration of material
culture/biocultural complexes in ancestry attribution (Birkby et al. 2008) and the integration of material
culture analysis into forensic case work (Skinner et al. 2009). Congram (2013) argues that humans
catalyze the most destructive aspects of forensic taphonomy, especially as it pertains to clandestine
body disposal. However, forensic anthropologists have largely remained silent on the consideration of
Homo sapiens as a taphonomic agent. It may be superficially argued that human behavior, psychology,
and motivation are too variable and complex to derive meaningful analysis. However, this would negate
the utility of centuries of work performed by cultural anthropologists, who have steadily demonstrated
that meaningful patterns of behavior can be derived from local cultural complexes. Additionally, the
forensic taphonomy literature is replete with case studies, cross-sectional studies, and (more recently)
empirical observation of vertebrate and invertebrate scavenger behavior (Haynes 1983; Haglund et al.
1988; Haglund et al. 1989; Willey & Snyder 1989; Komar & Beattie 1998; Reeves 2009; Spradley et al.
2012; Dabbs & Martin 2013; Saladie 2013; Olson et al. 2016; Sincerbox & DiGangi 2018), which have
historically been argued to be equally complex (Moledn et al. 2014). Further, the distinction made
between ‘human behavior’ and ‘scavenger behavior’ is demonstrative of the analytical propensity for
extracting human behavior from the environmental complex.

Regional ecological profiles tend to be limited to consideration of the ambient environment,
local scavenger guilds, and behavioral interactions between perpetrator and decedent. By failing to

consider localized patterns of human culture and behavior in the construction of the ecological profile,
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forensic anthropologists are guilty of distinguishing between human behavior and the environment, as
opposed to incorporating human behavior into the local environment. Both directly and indirectly,
Homo sapiens constitute a formidable taphonomic agent. However, human behavior in forensic context
is typically limited to a superficial cluster of macroscopic patterns used to generally inform the structure
of an outdoor search, or are narrowly focused on the behavioral interaction between perpetrator,
decedent, and (post)deposition environment (Nawrocki 2009). Examples of these macroscopic patterns
include the spatial relationship between remains and the nearest road or major point of ingress
(Manheim et al. 2006; Listi et al. 2007; Sorg 2013) and rate of movement across a landscape based on
topography (Cox et al. 2008). However, these patterns are limited by data sets composed of bodies that
have been found and cannot be considered representative of the continuum of regional patterns of
body deposition.

This paper argues in part that when considered relative to a sociopolitical niche, local patterns
of human ecological behavior can be meaningfully integrated into the regional forensic ecological profile
using an ethnographic approach. Sorg (2013) advocates interdisciplinary collaboration in the
construction of regional taphonomic profiles and presents a panel of interlocuters that includes local
outdoor guides and wildlife experts from which passive ethnography may be derived. To date, a theory
driven ethnography performed with the goal of integrating human behavior into a local forensic
ecological profile has not been performed.

2.6 Conclusion

Early models for describing local patterns of human decomposition were largely descriptive in
nature and relied on phasic or categorical stages of soft tissue and skeletal change based largely on
point presentation culled from retrospective case data. Because categorical models were necessarily
broad and largely lacked intracategorical descriptions relevant to all microenvironments, the pursuit of

establishing a ‘universal model,’ for PMI estimation became paramount. The Total Body Score model
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(Megyesi et al. 2005) provided the first synthesis of categorical (qualitative) and mathematical
(quantitative) model building into one comprehensive predictive model. However, the TBS model has
performed poorly in subsequent validation studies.

Rather than rely on point observation of retrospective case data, human taphonomic research
facilities promote longitudinal observation of rate and pattern of human decomposition in an
environment specific setting. The number of human taphonomy research facilities within the United
States has increased from one in 1981 to eight in 2019. Located in Grand Junction, Colorado, the
Forensic Investigation Research Station (FIRS) at Colorado Mesa University is the most westerly oriented
facility, and until 2018, the highest elevated facility in the United States. In 2018, FIRS-TB40 was formally
inaugurated as a CMU-FIRS satellite facility. Situated in the Colorado Rockies at an elevation of 3000
meters/9840 feet AMSL, FIRS-TB40 is the first facility in the United States to undertake high-altitude
study of human decomposition, and served as the site for this study. Variables that distinguish FIRS-
TB40 from similar research facilities include altitude, climate, geology, local flora and fauna, human
physiology, and local cultural patterns.

While intraregional study of decomposition and broader patterns of cold weather
decomposition exist, a fusion is lacking. Environmental perception theory provides a theoretical
framework within which to synthesize these environmental, physiological, and behavioral variables.
Intraregional study has been undertaken through the use of human analogues. Summarily, the results of
these studies aid in establishing Colorado’s high-altitude region as analytically and investigatively
distinct. Macroscopically, interregional cold weather study of human decomposition has: (a) offered
competing results and conclusions; (b) been limited to non-human study analogues; and (c) been limited
to case study of archaeological bone. While divergent in study sample, research design, and conclusions,
the results of these studies suggest that the cold-weather environment has a high potential for impact

on the presentation and trajectory of human decomposition. The sum of these data further suggest that
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universal models for predicting rate and pattern of decomposition are insufficiently equipped to
contend with regional biogeoclimatic diversity, necessitating the advancement of environment specific

research design and study.
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CHAPTER 3
MIXED RESEARCH: MATERIALS AND METHODS

3.0 Materials and Methods

To achieve the outlined goals, two primary research models were used: (1) mixed research (the
collection of qualitative and quantitative data through direct observation in a semi-controlled outdoor
environment); and (2) explanatory research (the use of literature, culled population and land use data,
and case studies to elucidate cultural relationships).
3.1 Study Site and Infrastructure - FIRS-TB40

FIRS-TB40 is located in the Colorado Rockies Dfc (snow, fully humid, cool summer) climate
region at an elevation 3000 meters/9840 feet AMSL. With both significantly higher elevation and an
unrepresented climate classification, FIRS-TB40 represents a novel environment for the controlled study
of human decomposition. Following its inauguration as a CMU-FIRS satellite facility, pilot research began
in 2018 using a porcine cohort, followed by the placement of the first human donor in March 2020.

FIRS-TB40 is a 40-acre site enclosed by a 1.25-meter-high barbed wire fence. Within the
perimeter fence, donors are protected from large-bodied scavengers within three-meter by three-meter
five-panel galvanized steel cages anchored by 60 centimeters of subterraneous digdefense ™ scavenger
deterrent panels (Figure 3-1). These cages were successfully field tested for proficiency using large-
bodied roadkill as a scavenger attractant prior to the onset of this study. A centrally placed Onset HOBO
weather station was deployed to record hourly atmospheric data, including temperature, wind
(direction, speed, gust speed), precipitation, soil water content, rain, relative humidity, solar radiation,

and atmospheric pressure.
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Figure 3-1: 3m x 3m five-panel galvanized steel cage anchored by scavenger deterrent panels.

3.2 Study Sample

Human donors were obtained under the auspices of the FIRS human donation program. A
cohort of 12 human donors was placed between March 2020 and December 2021. Seven donors were
placed in 2020, five were placed in 2021. Because methods for postmortem interval estimation must be
robust enough to encompass the suite of variables that may present in a forensic investigation, age, sex,
stature, ancestry, body mass, trauma, pathology, and autopsy were not exclusionary in sample selection.
During intake, each donor was unclothed and photographed on the anterior plane, posterior plane, and
by body section (head/neck, thorax, limbs). Height was measured on a flat plane prior to placement
using a standard metric measuring tape and level perpendicular edge. Weight at death was sourced
from coroner records. Observed biological sex, ancestry, presence of medical devices, healed and active
trauma and pathology, physiological anomalies, body modification, and initial decomposition changes
were described and recorded in field notes. The FIRS standardized donation intake paperwork includes

living biodemographic data (e.g. physical characteristics, occupation, medical history, and social
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behavior), reported in vivo by living donors, or postmortem by next of kin. These data were recorded
and logged in the research database.

The acceptance of donors, and the timing of their placement in the outdoor facility was
necessarily opportunistic. In an effort to minimize PMI prior to placement, donors were placed with
immediacy (within 24-48 hours following death); when administrative or investigative variables
precluded immediate placement, donors were placed in cold storage (2-4 °C) in the interim. Postmortem
interval prior to placement within the facility ranged from 2-24 days. Each donor’s placement date was
adjusted to reflect the actual date of death and the average of the morgue cooler temperature
(2+4 °C /2) was used to reflect the daily average temperature. This model allowed for the integration of
time and temperature into a donor’s overall accumulated degree days. The placement TBS score for all
donors ranged from 3-7 (fresh - very early decomposition). Because the cooling process aids in the
arrest of decomposition, the TBS score presented at the time of placement was regarded as consistent
throughout the cooling interval. While a biodemographically balanced and seasonally representative
research cohort was the ideal, the reality of human donor programs — which tend to be skewed in age
(older), sex (male), and ancestry (white) — precluded symmetry within the cohort structure. Seasonality
could not be controlled for due to the unpredictable nature of the donor program (i.e. an individual’s
date of death cannot be forecast). Priority was instead placed on cohort size (an available donor was not
passed over in the hope of a more temporally appropriate donor becoming available).

Data collection was further complicated by variables associated with winter in the High Rockies.
Heavy snowfall precluded regular site access and visual assessment of the study cohort across the
winter months. Donors were typically covered in c. one meter of snow between December and April.
Weekly site visits were made via snowshoe throughout periods of heavy snow overburden, and
environmental data (snow texture/morphology, depth, berm formation, and animal tracks) were

recorded. While seasonal access was a limiting factor of this study, it is representative of real-life
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regional scenarios in which issues of environmental obscurement, access, and safety prevent search and
recovery efforts until spring. Meticulous documentation on both seasonal ends facilitated a more robust
image of the changes that occurred during periods of inaccessibility.

Donor biodemographics are presented in Table 3-1. The study cohort was composed of 12
individuals. Four donors were autopsied. Baigent et al. (2020) suggest that autopsy incisions
approximate sharp force trauma such as might be seen in a forensic case. In a study comparing rate and
pattern of decomposition between autopsied and non-autopsied cohorts, no significant difference in
rate or pattern of decomposition was observed between the two groups. Therefore, autopsy was not
considered an exclusionary variable. Bodies were placed unclothed, in supine position at surface level.
Two donors were placed in each of the described scavenger cages approximately one meter apart.
Because placement was opportunistic, six donors were concurrently placed; six were asynchronously
placed, resulting in presentation of divergent stages of decomposition between two donors sharing a
cage. Cages were placed on an approximately 45°slope created by the natural terrain to encapsulate
gravity and slope wash as variables that may contribute to the rate and/or pattern of decomposition. All
donors were placed parallel to the slope; ten donors were placed head upslope/feet downslope, two
donors were placed feet upslope/head downslope. Small variation in the placement model was
performed to assess whether head/foot orientation appreciably affected macroscopic patterns of
decomposition. Two motion activated game cameras (one trained on each donor) were mounted to the
interior of each cage to document the presence, species, and temporal activity of scavengers, and their
individual mode of scavenging. Game camera captures were downloaded daily to correlate the species
present with changes in the environment, and soft tissue and osseous artifact of species-specific

scavenging behavior.
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Table 3-1: Biometric data, placement and maximum TBS, placement and recovery dates, and maximum ADD by Donor (* indicates a donor is still

located in the outdoor facility, TBS Max reflects terminus of study period).

Donor Age  Sex Ancestry Height Weight Autopsied Pre-Placement Placement Placement Collection Final Final
D (cm) (kg) PMI (Days) Date TBS Date TBS ADD'C
20-101 69 Male White 178 115.7 8 03/31/2020 3 11/5/2022* 26 6107
20-102 64 Male White 175 68.9 Yes 12 03/31/2020 5 11/5/2022* 26 6122
20-103 51 Male Black 180 84.4 23 0s/28/2020 7 11/5/2022*% 29 5767
20-104 75 Male White 188 74.8 3 06/10/2020 4 11/5/2022* 28 5523
20-105 89 Female White 150 40.8 5] 07/23/2020 7 8/22/2022 33 4201
20-106 84 Male White 173 74.8 Yes 11 07/25/2020 3 11/5/2022* 25 4832
20-107 53 Female White 160 72.6 Yes 9 08/28/2020 3 11/5/2022*% 27 4237
21-101 55 Male White 175 70.3 Yes 17 01/07/2021 3 11/5/2022* 25 3929
21-102 65 Male White 185 83.5 14 01/o07/2021 7 11/5/2022* 27 3916
21-104 73 Female White 178 111.1 2 08/22/2021 5 7/3/2022 21 1129
21-105 73 Male White 178 81.6 18 10/15/2021 3 7/3/2022 31 533
21-106 72 Male White 178 115.7 24 10/25/2021 3 11/5/2022* 31 401
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3.3 Measuring Decomposition

Decomposition changes were recorded daily when site access allowed. The TBS descriptive
model following Megyesi et al. (2005) was employed to document daily changes in gross tissue
composition. While a pilot study performed within the region suggested that the TBS regression
equation was not a reliable predictor of PMI at high-altitude, it has yet to be tested among a larger
sample human cohort (Baigent et al. 2014). Additionally, the TBS model lends both a qualitative and
guantitative framework to this study. The quantitative framework is derived from the value assigned
categories of change defined by the model, facilitating mathematical description of the trajectory of
decomposition. The qualitative framework is derived from the model’s categorical description of gross
tissue change. Within its intracategorical descriptions, the TBS model uses six ‘classic,” descriptions of
decompositional change (skin slippage, purge, specific patterns of soft tissue color change, marbling,
bloat, and moist decomposition). These macroscopic categories were used as the basis for recording
convergence and divergence between the changes observed within the study cohort, and those
described in the TBS model.

Due to the qualitative and quantitative benefits afforded by the framework of the TBS model,
data collection was performed throughout the study period following Megyesi et al. (2005). Observation
and scoring were conducted within three anatomical regions: head/neck; trunk; and limbs (Figure 3-2).
The standard TBS scoring matrices (presented in Table 3-2a-c) were applied to each body section. Each
body was photographed from three angles in the anterior aspect (superior-inferior, inferior-superior,
right or left lateral - dictated by donor’s position in the cage) and each body section was photographed
and scored independently during field observation. Additionally, both the presence and persistence of
categorical macroscopic tissue change (as defined by the model) were photographed and recorded in
field notes throughout the study period. These categorical descriptions were also used to aid in the

identification of gross tissue change hypothesized to be unique to the high-altitude study cohort. In year
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one, priority was given to scoring donors using the TBS model, and identifying, photographing,
describing, and documenting environment specific gross tissue change. At the end of the first study
year, unique categorical changes present within 80% of the cohort were isolated. The 80% threshold was
assigned based on the associated certainty of identifying a statistically significant outcome with the
alpha value set at 0.05, should the hypothesis be true for the population (Andrade 2020). In year two, a
revised data sheet was created to: (1) field document the incidence, timing, and presentation of these
categorical changes within donors placed throughout the second year; and (2) retrospectively document

the presence of these traits using field photographs taken in the first year of data collection.
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Figure 3-2: Division of the body into analytical regions defined by the TBS Model as the head/neck,
trunk, and limbs (following Megyesi et al. 2005)
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Table 3-2a-c: Categorical change associated with the: (a) head/neck; (b) trunk; and (c) limbs as defined by
Megyesi et al. (2005).
Table 3-2a: Head/Neck: Categorical changes as defined by Megyesi et al. (2005).

A. Fresh
(1 pt) 1. Fresh, no discoloration.

B. Early decomposition

(2 pts) 1. Pink-white appearance with skin slippage and some hair loss.

(3 pts) 2. Gray to green discoloration: some flesh still relatively fresh.

(4 pts) 3. Discoloration and/or brownish shades particularly at edges, drying of
nose, ears and lips.

(5 pts) 4. Purging of decompositional fluids out of eyes, ears, nose, mouth,
some bloating of neck and face may be present.

(6 pts) 5. Brown to black discoloration of flesh.

C. Advanced decomposition
(7 pts) 1. Caving in of the flesh and tissues of eyes and throat.

(8 pts) 2. Moist decomposition with bone exposure less than one half that of the
area being scored.

(9 pts) 3. Mummification with bone exposure less than half that of the area
being scored.

D. Skeletonization
(10 pts) 1. Bone exposure of more than half of the area being scored with greasy
substances and decomposed tissue.
(11 pts) 2. Bones exposure of more than half the area being scored with
desiccated or mummified tissue.
(12 pts) 3. Bones largely dry, but retaining some grease.
(13 pts) 4. Dry bone.
Table taken from Megyesi and colleagues (2005), Table 2

Table 3-2b: Trunk: Categorical changes as defined by Megyesi et al. (2005).

Pl

A. Fresh
(1pt) 1. Fresh, no discoloration.

B. Early decomposition
(2 pts) 1. Pink-white appearance with skin slippage and marbling present.
(3 pts) 2. Gray to green discoloration: some flesh still relatively fresh.
(4 pts) 3. Bloating with green discoloration and purging of decompositional
fluids.
(5 pts) 4. Postbloating following release of the abdominal gases, with
discoloration changing from green to black.

C. Advanced decomposition
(6 pts) 1. Decomposition of tissue producing sagging of flesh; caving in of the
abdominal cavity.
(7 pts) 2. Moist decomposition with bone exposure less than one half that of the
area being scored.
(8 pts) 3. Mummification with bone exposure less than half that of the area
being scored.

D. Skeletonization
(9 pts) 1. Bones with decomposed tissue, sometimes with body fluids and
grease still present.
(10 pts) 2. Bones with desiccated or mummified tissue covering less than one
half of the area being scored.
(11 pts) 3. Bones largely dry, but retaining some grease.
(12 pts) 4. Dry bone.
Taken from Megyesi and colleagues (2005), Table 3
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Table 3-2c: Limbs: Categorical changes as defined by Megyesi et al. (2005).

A. Fresh
(1 pt) 1. Fresh, no discoloration.

B. Early decomposition
(2 pts) 1. Pink-white appearance with skin slippage of hands and/or feet.
(3 pts) 2. Gray to green discoloration; marbling; some flesh still relatively fresh.
(4 pts) 3. Discoloration and/or brownish shades particularly at edges, drying of
fingers, toes, and other projecting extremities.
(5 pts) 4. Brown to black discoloration, skin having a leathery appearance.

C. Advanced decomposition
(6 pts) 1. Moist decomposition with bone exposure less than one half that of the
area being scored.
(7 pts) 2. Mummification with bone exposure less than half that of the area
being scored.

D. Skeletonization
(8 pts) 1. Bone exposure over one half the area being scored, some
decomposed tissue and body fluids remaining.
(9 pts) 2. Bones largely dry, but retaining some grease.
(10 pts) 3. Dry bone.
Taken from Megyesi and colleagues (2005), Table 4

All data were stored in an Excel spreadsheet, recorded by donor and data collection date.
Individual body segment scores were input, and a total body score was auto-summed. Categorical
changes were indicated as present (1) / absent (0). To maintain the resolution of data specific to each
categorical change, field notes were entered in separate, category specific cells that corresponded to
the change they were describing. This facilitated flagging of individual data days with a color-coded
system to indicate a significant change (red), an unusual change (orange), or the persistence of a unique
phenomenon (green). This also simplified donor-specific longitudinal review of each categorical change
in post data collection analysis.

In instances of decomposition equivocating between two categorical stages, the point value
assigned was the average of the two scores, as defined by Megyesi et al. (2005). In cases where the
observed tissue change was not accurately described by the TBS model (e.g. a specific definition of color
change), the score most closely reflective of the field observation was used and flagged with a

description of the divergence during data entry.
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3.4 Calculating the Suite of Atmospheric Variables

Accumulated degree days (ADD) represent the sum of daily mean temperatures within a
prescribed period of time. The sum is descriptive of the accumulation of thermal energy units necessary
for chemical and biological reactions to occur, and therefore represent the product of chronological
time and temperature. The same principle was applied to site specific atmospheric data to calculate
accumulated x days, with x representing a specific atmospheric variable. Data derived from the onsite
HOBO weather station provided hourly data points for the following atmospheric variables (as defined
by meteorology; Ahrens & Hensen 2018):

a. Temperature (measured in F, converted to C; used to calculate ADD): The temperature of the
air near the surface of the earth. All temperature data were collected in Fahrenheit to the
hundredth degree. These data were converted to Celsius in Excel using the formula C =
5/9(F-32).

b. Atmospheric pressure (measured in hectopascals (hPa); used to calculate aAPD): The force
(total height of the air column of the atmosphere above it) acting on an area around a
defined point. Atmospheric pressure drops as altitude increases.

c. Precipitation (measured in mm; used to calculate aPreD): Any product of the condensation
of atmospheric water vapor, the fall of which is mediated by gravity. Primary forms of
precipitation include rain, sleet, snow, ice pellets, graupel, and hail.

d. Rain (measured in mm; used to calculate aRD): Water droplets formed by condensation of
atmospheric water vapor, the fall of which is mediated by gravity.

e. Relative humidity (measured as a percentage of actual humidity vs. total possible humidity;
used to calculate aRHD): A ratio of the amount of water vapor present in a specified area of
air, versus the amount of water vapor needed for saturation within the same specified area,

at the same temperature.
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f. Solar radiation (measured as kilowatt-hours per square meter (kWh/m2); used to calculate
aSRD): Electromagnetic radiation (X-rays, ultraviolet and infrared radiation, radio emissions,
and visible light) emanating from the Sun.

g. Wind speed (measured as meters per second (m/s); used to calculate awSD): The
temperature mediated movement of air from high to low pressure.

Hourly data were collapsed into a daily average for each data category by calculating the sum of
hourly data points and dividing the total by 24. This yielded the daily units used to calculate
Accumulated Degree Days (ADD), Accumulated Atmospheric Pressure Days (aAPD), Accumulated
Precipitation Days (aPreD), Accumulated Rain Days (aRD), Accumulated Relative Humidity Days (aRHD),
Accumulated Solar Radiation Days (aSRD), and Accumulated Wind Speed Days (aWSD). All weather data
were uploaded from the onsite weather station, transferred to an Excel spreadsheet, and categorically
collapsed into daily averages using the Excel add-in Kutolls™ advanced function for merging and
splitting rows.

The source of temperature data and the calculation of ADD used in this study moderately
diverge from the TBS model. The TBS model uses data culled from the National Weather Service (NWS)
to calculate the daily average of maximum and minimum air temperatures. Because this is a pilot study
primarily concerned with establishing the rate and pattern of decomposition at high-altitude, the low-
resolution TBS temperature model used by Megyesi et al. was substituted with a higher resolution, site
specific temperature and atmospheric variable model.

3.5 Quantitative analysis: Tests by Inquiry
3.5.1 Reliability
To test reliability, a random generator function (Microsoft Excel RAND) was used to create a

sample subset to test intra- and inter-observer reliability.
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1a. To test intraobserver reliability, a subset series of 50 packets representing one day of
decomposition was scored by the author using field photographs. Results were analyzed using
Spearman rank-order correlation coefficient.
1b. To test interobserver reliability, 15 second observers were solicited to apply the TBS model
to donor decomposition using 15 field photograph packets, each containing an average of seven
multi-focal photographs representing one day of decomposition. In addition to sample scoring,
participants were asked to self-report their experience level using the TBS model (beginner,
intermediate, advanced), education level (Undergraduate, Masters, Ph.D., Professional [Ph.D. or
Masters]), and invited to comment on any aspect of their experience applying the TBS model to
the high-altitude cohort (SIUC IRB Approved Protocol #22214). The test for interobserver
reliability was selected following Gwet’s (2014; Figure 1.7.1) decision chart for selecting an
agreement coefficient. Krippendorff’s alpha was selected because it adjusts to small sample
sizes, and is applicable to: (a) any number of raters; (b) any number of values available for
coding a variable; and (c) binary, nominal, ordinal, interval, ratio, polar, and circular metrics
(Gwet 2014). While Krippendorff’'s alpha is similar to Fleiss’ kappa (a variant of Cohen’s kappa
designed to assess three or more raters), the models diverge in their definition of expected
agreement. Fleiss’ kappa defines the sample size as infinite, while Krippendorff's alpha uses the
actual sample size, rendering Krippendorff’s alpha more precise for data higher than nominal
order (Zapf et al. 2016). Krippendorff’s alpha was run using the krippen.alpha.raw( ) function in
R-Studio (irrCAC package version 1.0, Gwet 2019) to determine the relationship between TBS
scores generated by the group of independent observers.

3.5.2 Test of the TBS Model

Study goal one: Test the TBS model along two analytical lines: (a) the efficacy of the TBS model for

qualitatively describing the pattern of gross decomposition change at high-altitude; and (b) test the
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application of the quantitative TBS regression equation for efficacy and accuracy in predicting PMl in a

high-altitude environment.
3.5.2a. Qualitative Assessment

The efficacy of the TBS model for describing qualitative patterns of gross decomposition
change was assessed by isolating the categorical changes defined within the model (skin
slippage, purge, specific descriptions of soft tissue color change, marbling, bloat, and moist
decomposition) and scoring them as present (1) / absent (0) throughout the trajectory of
decomposition. Category specific present/absent scores were summed at the terminus of data
collection to establish the percentage of the cohort within which each categorical change
presented. When a donor presented the defined change, presentation and duration of
presentation were described in terms of ADD to comparatively test for homogeneity in the
timing of presentation between donors. Post-hoc power analysis was performed for each trait.
The 80% threshold for trait presentation within the cohort was applied. When a categorical
change failed to meet the 80% threshold, it was eliminated as a variable of interest in future
model building.
3.5.2b. Quantitative Assessment
To perform an impartial and accurate comparison, the quantitative efficacy of the Total
Body Score Model was tested among the high-altitude cohort following the Megyesi et al.
(2005) study design. Specifically:
- Data set: The data set used to establish the TBS model limited PMI to less than one year.
Data analysis among the high-altitude cohort was limited to an individual donor’s first year

of decomposition.
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- Temperature: The TBS model argues that cessation of decomposition occurs at 0 °C. In
accordance with the model, site specific temperatures below 0 °C were converted to zero in
the calculation of ADD.

- Distribution: The distribution of ADD and PMI were plotted against TBS. Because TBS is used
to predict ADD and subsequently PMI, TBS was plotted on the x-axis, and ADD and PMI were
plotted on the y-axis.

- Transformation: ADD and PMI were Logio transformed to normalize the data; TBS was
squared to approximate modeling a non-linear relationship and address heteroscedasticity.

- Analysis: Linear regression was performed, and a regression line fit to the transformed data.

3.5.3 Quantitative Analysis: Rate and Pattern of Decomposition at High-altitude

Study goal two: Quantitatively describe the longitudinal macroscopic rate and trajectory of human
decomposition within a sample placed in an outdoor setting at high-altitude to assess the relationship
between TBS and site-specific atmospheric variables not considered in the TBS model.

3.5.3a. Temperature Scales

Although Megyesi et. al apply a temperature correction based on the assumption of
decompositional arrest at 0 °C, the authors concede that “...it is not known at what
temperature decomposition processes actually cease” (2005; 5). Therefore, the trajectory of
intracohort TBS was first compared to three ADD temperature scales: ADD Celsius (ADD C), ADD

Celsius greater than zero (ADD C>0), and ADD Kelvin (ADD K) to assess general trends within,

and variation between, each scale.

3.5.3b. Data Distribution: LOESS

Data distribution was next assessed by individual donor and individual atmospheric
variable using distribution plots fitted with a locally estimated scatterplot smoothing (LOESS)

curve. While one of many non-parametric models, LOESS is arguably one of the most flexible
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(Jacoby 2000). Flexibility is derived from the relaxation of conventional regression methods.
Rather than estimate parameters within the confines of y = mx+b, nonparametric regression is
concerned with the fitted curve. In this model, the fitted points and their standard errors are
estimated with respect to the whole curve - as opposed to one estimate - and overall
uncertainty measured by how well the estimated curve fits the population curve (Cleveland
1979, Cleveland & Devlin 1988). Equally, if not more advantageous, is the lack of function
specificity. LOESS requires that the analyst provide a smoothing parameter value (window span)
and polynomial degree, but does not require that the analyst specify a function to fit a model to
all of the data in a sample. The LOESS smoothing function favors reflexivity by making minimal
assumptions about the relationships among variables. LOESS uses a series of sliding ‘windows’
that encapsulate a defined number of points subjected to sum of least squares analysis. Each
‘window’ informs a section of the curve and the structure of the next window, collectively these
windows determine the shape of the curve. The result of LOESS application is a line through the
moving central tendency of the stressor-response relationship, facilitating visual assessment of
the relationship between two variables (Cleveland 1979). This serves to propagate reflexivity,
making LOESS ideal for modeling complex processes lacking a central or agreed upon theoretical
model (NIST/ SEMATECH 2023).

The loess( ) function was used in R; the function’s default settings (fit a parabola and a
defined window span of a = 0.75) were applied. Future model building will be established on a
better understanding of the predictive power of each atmospheric variable. Data distribution
was structurally considered toward that end; TBS is plotted on the x-axis and accumulated

atmospheric variables are plotted on the y-axis; all data are presented on the LOG scale.
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3.5.3c. Multivariate Regression

Following gross analysis of data distribution, a multivariate regression model
simultaneously incorporating all atmospheric categories as the response variables, and TBS as
the single explanatory variable was performed. The R-squared value associated with each
variable were compared to determine the percentage of variation in decomposition explained
by each atmospheric category. Polynomial order was tested using the first, second, and third

degrees using the default window span of a = 0.75.

3.5.4 Qualitative Description of Phasic Tissue Change

Study goal three: Isolate and describe gross tissue change postulated to be unique to the local rate and
pattern of decomposition in a high-altitude outdoor setting, to be applied in future study to establish a
score matrix, and a predictive model for the estimation of postmortem interval in a high-altitude
environment.

Throughout the study period, the incidence and prevalence of the ‘classic’ categories of
decomposition change incorporated into the TBS model (skin slippage, purge, specific descriptions of
soft tissue color change, marbling, bloat, and moist decomposition) were documented. Similarly, the
"classic’ categorical descriptions were used as indices from which to identify and derive categorical
divergence (i.e. gross macroscopic changes observed within the high-altitude cohort not described in the
TBS model). All changes were assessed and recorded as present (1) / absent (0) on each data day.
Specific descriptions of ‘classic’ changes were described from the onset of the study, allowing immediate
assessment and documentation of presence/absence. Conversely, high-altitude specific categorical
change had to be identified and described. As a result, novel changes were primarily observed,
described, and variably scored as present (1) /absent (0) in the first year, then documented and scored

more precisely in the second year. A standard data collection sheet was created and a retrospective
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study of the first-year donor cohort was performed using field photographs to more accurately assess
the presence of novel traits within the collective study cohort.

Foundationally, all categories were individually coded in the study’s master database as present
(1) / absent (0). Each data category was sorted to extract the ‘present’ code, yielding frequency of trait
presentation within the cohort. Presence/absence was scored on every data day, facilitating a
correlation between the presentation of a trait and ADD. When a categorical change was present, it was
associated with a donor specific ADD point, and an ADD range (the continuum of ADD within the cohort
based on individual ADD points). Inter-donor ADD ranges were collated to assess the breadth of ADD
range. Post-hoc power analysis was performed for each trait. The 80% trait presentation threshold was
applied. When a categorical change failed to meet the 80% threshold within the cohort, it was
eliminated. When a categorical change met the 80% threshold, it was retained and described in terms of
a collective (cohort-wide) ADD range in order to assess temporal specificity and by extension, potential
power as a temporal marker in descriptive model building.

3.5.5 Forensic Ecological Profile

Study goal four: Develop a region specific forensic ecological profile that includes local atmospheric
variables, invertebrate and vertebrate behavior, and local human behavior.
3.5.1 Local atmospheric variables
In addition to their potential impact on the trajectory of human decomposition, local
atmospheric variables (described in detail in section 3.4) were considered in the forensic
ecological profile. Temperature, atmospheric pressure, precipitation, rain, relative humidity,
solar radiation, and wind speed data derived from the onsite HOBO weather station were
considered individually and in sum. Daily data points, accumulated x days (where x = a specific

atmospheric variable), and seasonal aggregates (e.g. snow overburden) were considered with
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regard to their ability to influence vertebrate and invertebrate scavenging behavior, human
behavior, and human decomposition.
3.5.2 Scavenger behavior
Vertebrate and invertebrate scavenger behavior, succession, and progression were
documented daily through use of game cameras programmed to collect both time lapse and
motion activated photographs. These images recorded environmental changes, midden and nest
construction, soft tissue and osseous scavenging artifacts, scat, tracks, and feather fall. While
scavenger cages barred large-bodied scavenger access to human remains, their exclusion
allowed smaller-bodied scavengers to radiate, providing rare insight into their segregated
behavior.
3.5.2a Vertebrate scavenging
Scats and tracks were identified using a Colorado Rocky Mountain Region
standard field guide (Halfpenny & Tellander 2015). Middens, nests, scat, tracks, feather
fall, and environmental change were all considered presumptive evidence of species-
specific scavenging. Identification of the scavenger group present and attribution of
scavenging defects to a specific species was achieved by: (a) observation of a new soft
tissue defect between consecutive data days; (b) game camera capture of a specific
species engaged in scavenging behavior within the timeseries; and (c) the absence of a
cooperative or competitive scavenger species within the same timeseries. On data days
where two or more species were present, tissue defects were not attributed to any
group unless direct evidence was recorded on game camera images. Osseous and soft
tissue defects were photographed and described in field notes, assigned to a specific

species when field evidence was sufficient, and logged in the study database.
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Scavenging species were individually coded in the study’s master database as
present (1) / absent (0) as they were field-identified. Each species category was sorted
to extract the ‘present’ code, yielding frequency of presence within the cohort; a
detailed description of associated defects was documented with each data point. At the
end of the first data year, species and defect descriptions were extracted from the
database and a data collection form was created to standardize documentation in the
second year. A retrospective study of the first year donor cohort was performed using
field photographs to more accurately assess the presence of tissue defects within the
collective study cohort. In addition to standardized documentation, first year field
methods were observed throughout the second year study period.
3.5.2b Invertebrate scavenging

Adult invertebrate scavengers were captured using sweep net (Pterygota) or
collected manually as opportunity presented (Apterygota). In both models, insects were
transferred to a kill jar containing plaster of Paris and ethyl acetate. Specimens were
pinned following standard protocol (Sanford et al. 2020). Species identification was
limited to family and achieved using standard dichotomous keys (Jones et al. 2019;
Weidner & Powell 2021). Larvae were collected and preserved following standard
protocol (Sanford et al. 2020) and identified using a standard key for immature

morphological traits (Thyssen 2010).

3.5.3 Explanatory research: Materials and methods

The application of an explanatory research model (the use of literature, population and land use

data, and case studies) was adopted in an attempt to identify and describe broad cultural patterns and

relationships with Colorado’s Rocky Mountain Region (Blatter & Haverland 2012). This approach is

beneficial to the integration of local cultural configurations into the forensic ecological profile for three
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reasons: (1) it provides a limited, but more holistic composite of human behavior within a defined
region; (2) in scope and magnitude, it constitutes a more surmountable task for the forensic
anthropologist immersed in their primary discipline; and (c) it facilitates the isolation of intraregional
cultural groups and modes of behavior that may be extended to cultural and linguistic anthropology
students as subject of advanced study. This performs the dual task of expanding the sphere of
knowledge pertaining to local cultural groups, and actively serves to integrate cultural and linguistic
anthropologists into forensic anthropological research.
3.5.3a Cultural trends culled from desk research
An endeavor as broad as ‘establishing a cultural framework within which literature review
constitutes one component,” necessitates a concise analytical framework to ensure that the study is
both goal oriented and replicable. The provision of tangible methodological steps serves to address
both demands. The literature review in this study was performed following Bladder & Haverland
(2012), who propose that analyzing text involves four governing tasks: (1) Identifying themes and
subthemes; (2) paring themes down to a manageable suite of those most relevant to the project; (3)
hierarchically ordering themes; and (4) linking themes into theoretical models.
Toward that end, an overview of environmental perception theory was provided to establish
a macroscopic view of the relationship between humans and their proficiency within the
environment (Dyson-Hudson & Smith 1978; Gibson 1979; Ingold 2000). Literature considered
foundational to theme identification included first, peer reviewed publication concerned with
modern culture in the Rocky Mountain Region, and second, analytically (but not necessarily
regionally) adjacent literature. Publications were culled from the Morris library online database at
Southern Illinois University, Carbondale. Preference was given to the university database because it
reflects the literature resource most readily available to researchers across all levels of academia.

Search keys were intentionally broad in an effort to encapsulate a broad range of topics that may be
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relevant to establishing a diverse cultural profile. Additionally, locally produced literature including
county profiles, county reports, regional data, reports generated by government agencies, and local
newspaper articles were used to inform microscopic, temporally specific cultural trends.
3.5.3b Population and land use data
The U.S. Census Bureau (2023) was referenced to establish local population density,
population demographics (age, sex, and ancestry distribution), education, health, income, and
poverty. Land use databases were referenced to establish local zoning laws and patterns of land
use (MRLC Consortium 2022; Park County Colorado GIS 2022).
3.5.3c Case study
While limited in scope, case studies facilitate multifaceted exploration of complex issues and
have long been utilized as an analytical and educational tool in forensic anthropology (Steadman
2008). There are three methodological approaches to case study: (1) critical (challenging one’s own
assumptions); (2) interpretive (understanding meaning, context, and processes as perceived from
different perspectives to understand individual and shared social meanings); and (3) positivist
(establishing variables for study in advance to assess the degree to which they fit in with the
findings) (Crowe et al. 2011). The interpretive approach was used in this study to assess the degree
to which a local cultural profile is reflected in forensically significant context.
Case studies were culled from case data maintained by the Park County Coroner’s Office
(PCCO). The search parameters were intentionally broad and established to reflect the parameters
of the overall study design. The parameters applied to the case data search were: (1) cases involving
an outdoor death scene; (2) cases in a non-residential or non-traditional residential location; and (3)
cases that have been resolved through investigation and - when relevant - litigation. The records
search encompassed 12 years of case data (2010 — 2022) and yielded 72 cases matching the search

criteria. A random generator function (Microsoft Excel RAND) was used to create a sample subset to
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prevent bias in case selection. Sampling was performed without replacement allowing application of
the 10% condition to ensure that (a) the sampling process did not significantly impact the probability
of population distribution; and (b) individual samples were considered independent (Lindstrom
2010). Sampling resulted in seven cases. Outdoor scenes were selected because they match the
parameters of the broader study design (i.e. the decomposition of human donors in an outdoor
environment). When available, recorded data included case circumstance, decedent
biodemographic data, circumstance leading to discovery, tool use in deposition and/or recovery,
and prominent cultural artifacts noted on scene. Because a case must be legally resolved prior to
dissemination as a case study, cases pending litigation were removed from the sample (Steadman
2008). Case study data are reported within the context of literature derived cultural trends and
population and land use data to qualitatively assess the degree of symmetry between the three data
lines.
3.6 Conclusion
This study is concerned with four primary research goals, necessitating reflexivity in research
design. Two primary research models were used: (1) mixed research (the collection of qualitative and
guantitative data through direct observation in a semi-controlled outdoor environment); and (2)
explanatory research (the use of literature, culled population and land use data, and case studies to
explain cultural relationships). Data collection was performed at FIRS-TB40, a high-altitude satellite
facility nested under Colorado Mesa University’s Forensic Investigation Research Station. The FIRS-TB40
is located in the Colorado Rockies Dfc (snow, fully humid, cool summer) climate region at an elevation
3000 meters/9840 feet AMSL, rendering it a novel research environment. Site infrastructure includes a
barbed wire perimeter fence, 3m x 3m steel welded scavenger cages, a centrally placed onsite HOBO

weather station, and motion activated game cameras.
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Twelve human donors were placed across a two-year study period. Data were collected daily
following a standard study protocol. An 80% threshold was established to sort qualitative traits.
Statistical analyses include Spearman rank-order correlation coefficient (intraobserver error),
Krippendorff’s alpha (interobserver error), linear regression (test of the TBS model), and Locally
Estimated Scatterplot Smoothing (LOESS) and multivariate regression (to assess site specific atmospheric

variables). Finally, a pentagonal approach to establishing a forensic ecological profile was introduced.
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CHAPTER 4

RESULTS: QUANTITATIVE ANALYSIS

4.0 Tests for reliability
4.0.1 Intraobserver error

A random number generator was used to create a subset study sample to test intraobserver
error. Spearman correlation was run using the cor.test function in R-Studio to determine the
relationship between field scored TBS and the subset of rescored data days. There was a strong positive
correlation between original TBS and rescored TBS (rs (8) = 0.85, p = 0.004).

4.0.2 Interobserver error

A random number generator was used to create a second subset from the study sample to test
interobserver reliability. Fifteen observers scored 15 donor data packets, resulting in 225 data points.
Observers ranged in education level (Undergraduate n = 4, Masters n = 3, Professional [Masters or PhD
working fulltime in the field] n = 3, and PhD n= 4), and in self-reported experience level using the TBS
model (Beginner n = 4, Intermediate n = 4, Advanced n = 7). Krippendorff’s alpha was run using the
krippen.alpha.raw( ) function in R-Studio (irrCAC package version 1.0, Gwet 2019) to determine the
relationship between TBS scores generated by the group of independent observers. The results (a =
0.26, p= 0.0001) indicate that agreement among observers was minimal.

4.1 Quantitative Test of the TBS Model

A test of the TBS Model was performed following the original study design. TBS within the
truncated data set (PMI > one year) ranged from 3-31. The distribution of PMI (Figure 4-1) and ADD
(Figure 4-2) were plotted against TBS. Because TBS is used to predict ADD and subsequently PMI, TBS

was plotted along the x-axis, and ADD and PMI were plotted along the y-axis.
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Figure 4-1: Scatterplot of untransformed postmortem interval (in days; y-axis) vs. total body score (x-axis)
among all donors in the high-altitude cohort.
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Figure 4-2: Scatterplot of untransformed accumulated degree days (y-axis) vs. total body score (x-axis)
among all donors in the high-altitude cohort.

71



Scatterplots demonstrate that as ADD and PMl increase, TBS increases and begins to plateau
with the passage of time (PMI). Neither relationship is linear, so PMI and ADD were Logiotransformed,
and TBS squared following the original model design. The relationship between both ADD vs. TBS and
PMI vs. TBS was tested using linear regression; plots of each test with regression line fitted are

presented in Figures 4-3 and 4-4.
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Figure 4-3: Logio transformed ADD vs. TBS squared with fitted regression line, high-altitude data.
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Figure 4-4: Logio Transformed PMI vs. TBS squared with fitted regression line, high-altitude data.

Transformation marginally served to normalize the data but the regression lines suggest that the
TBS model is not a correct fit. Adjusted R-squared values support the model’s poor performance when
applied to the high-altitude cohort; Log10ADD vs. TBSSQ (0.42) and Log10PMI vs. TBSSQ (0.54). Megyesi
et al. (ibid) report substantially higher R-squared values for Log10ADD vs. TBSSQ (0.84) and for
Log10PMI vs. TBSSQ (0.70). Log10ADD performed better than Logl0PMI within the Megyesi cohort,
leading the authors to conclude that time and temperature served as better indices for predicting PMI
than time alone. The inverse was true within the high-altitude cohort where Log10PMI vs. TBSSQ
performed better than Logl10ADD vs. TBSSQ. Because PMI directly reflects time, this suggests that a
variable or variables encapsulated by time may serve as a better predictor or predictors than ADD alone

at high-altitude.
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4.2 Quantitative Analysis of Atmospheric Variables

Because the high-altitude data suggests that a variable or variables encapsulated by time may
serve as better predictors than ADD alone, the distribution of atmospheric variables was investigated.
This investigation is the first step - and the foundation for - the future development of a PMI predictive
model specific to the high-altitude environment. The ADD temperature scale built into the TBS model
converted negative temperature values to 0 °C based on the argument that decomposition ceases at 0
°C. There is a paucity of data to support this supposition, so intracohort TBS distribution was first
considered along three temperature scales: ADD Celsius greater than zero (ADD C > 0), ADD Celsius
(ADD C), and ADD Kelvin (ADD K). Plots of each temperature scale and cohort wide TBS distribution are
presented in Figures 4-5 - 4-7.

Plotting TBS against ADD C > 0 demonstrates a basic trend in early, rapid increase in TBS scores
among all donors (between approximately 0 ADD — 1000 ADD) followed by a generally persistent

plateau in TBS scores following 2000 ADD.
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Figure 4-6: Scatterplot of TBS vs ADD Celsius among the high-altitude study cohort.
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Plotting TBS against actual ADD C demonstrates the same overall trend in early, rapid increase in
TBS scores among all donors between approximately 0 ADD — 1000 ADD, followed by a generally
persistent plateau in TBS scores. While the overall trend in data distribution between ADD C> 0 and
ADD C bear resemblance, simple distribution plots are only suggestive of trends, particularly when
considering a large data set. Considering the data in relationship to actual ADD C demonstrates its true
complexity, as TBS and ADD undulate between seasonally associated positive and negative temperature
values. This has an overall impact on the structure of the curve and demonstrates the potential for
decomposition trends to be obscured within the confines of a reductive temperature model.

Plotting TBS against ADD Kelvin demonstrates the same rapid climb/plateau trend observed in
the Celsius temperature scales, however the data are more widely distributed within the TBS 15-25
range, and within the 25-33 range, where the sharp angle presented by both Celsius scales is smoothed
and data are more broadly distributed to the right. Because negative temperatures are not possible on
the Kelvin scale (K = C°+273.15), the distribution of TBS and ADD Kelvin has the potential to reconcile the

disparities observed between the ADD C and ADD C>0 temperature scales.
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Figure 4-7: Scatterplot of TBS vs ADD Kelvin among the high-altitude study cohort.

To better understand individual donor trajectories obscured by the volume of cohort-wide data
distribution, the trajectory of individual donor TBS was assessed along each ADD temperature scale
using LOESS: ADD C (Figure 4-8), ADD > 0 (Figure 4-9), and Kelvin (Figure 4-10). While small in scale,
Figure 4-11 presents individual donor distributions along each of the temperature scales to facilitate

macroscopic comparison. Donor position and color are consistent throughout all plots.
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4.2.1 Results: Scatterplots of the three temperature scales (ADD C, ADD C>0 and ADD K), by donor
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Figure 4-8: LOESS distribution plots of TBS vs ADD C on the LOG scale, by individual donor within the high-altitude
cohort.

When considering the the ADD C scale by individual, the complexity associated with negative
temperature values becomes more apparent. Further, that complexity is more dramatic within in a
subset of donors. Specifically donors 20-107, 21-101, 21-102, 21-105, and 21-106 present pronounced
negative plateaus when compared to the sum of the cohort. With the exception of 20-107 (placed in late
August), all remaining individuals were placed in the winter. While the sum of the cohort presented a

general trend in early, rapid increase in TBS followed by a broad plateau, individual donors generally

78



present a series of TBS score plateaus associated with increasing PMI, demonstrating that a plateau
should not be regarded as a period of stasis. Donors 20-101 and 20-102 were placed on the same day, as
were donors 21-101 and 21-102. Donors 21-105 and 21-106 were placed ten days apart. Each pair
presents a similar, but not identical distribution, demonstrating that the individual trajectory of
decomposition is sensitive to both macroscopic variables (resulting in visual similarities in data
distribution) and individual microscopic variables (resulting in variation despite temporal continuity in
placement).

Eliminating negative temperature values and applying a LOG transformation yields a marked
difference in data distribution. The most apparent (and most expected) change is the loss of the
dramatic negative plateaus associated with overwintering, and the normalization of the overall
distribution curves. While the overall trend in early rapid increase in TBS, followed by a score plateau
remains the general theme, both the rapid increase and the late-stage plateau are dramatized by the
elimination of negative values. This creates an overall inaccurate picture of both trends, and understates
the analytical complexity associated with building a predictive model able to contend with the rapid
climb/plateau disparity in data distribution. On the ADD C scale, donors 20-107, 21-101, 21-102, 21-105,
21-106 presented distinct distribution curves. On the ADD >C scale, donors 20-101 — 21-102 present
overall simialrity in distribution curves. Donors 21-104 - 21-106 share the same similarity, but are
marginally distnct from the larger group. What remains apparent between both temperature scales is
that the data are not linear, and score undulations and reversals are prevalent. Of further note, with the
exception of 20-107, the LOESS curves associated with the donors presenting the most dramatic winter
undulations on the ADD C scale (21-101, 21-102, 21-105, and 21-106), bear similarity to those on the
ADD C>0 scale. This demonstrates the reflexivity of the LOESS model in deriving overall trends from

complex, data dense distribution plots.
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Figure 4-9: LOESS distribution plots of TBS vs ADD C>0 on the LOG scale, by individual donor within the
high-altitude cohort.

The application of the ADD K temperature scale produces marginal differences in distribution

when compared to ADD C>0. This is an expected outcome, as neither scale contains values less than 0.

Overall, ADDK produces changes in score plateaus, which are truncated on the ADD C>0 scale and

marginally elongated on the ADD K scale. These elongations are likely due to the incorporation of the

negative values observed on the ADD C scale, as opposed to the elimination of negative values observed

on the ADD C>0 scale. This yields a more comprehensive quantification of available thermal energy. Due

to the scale of ADD K and the incorporation of negative values, overall distribution shifts to the right,
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increasing normalization of the curve and yielding higher resolution in both late-stage plateaus, and in

score undulation throughout decomposition.
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Figure 4-10: LOESS distribution plots of TBS vs ADD K on the LOG scale, by individual donor within the
high-altitude cohort.
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Figure 4-11: LOESS distribution of individual donor TBS on the three temperature scales, ADD C (top), ADD C>0 (middle),
and ADD K (bottom), among the high-altitude cohort. Donor position and color are consistent across variables.
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4.2.2 Results: Individual atmospheric variables by donor

In addition to the three temperature scales, TBS was individually plotted against the
accumulated sum of six atmospheric variables: accumulated pressure days (APD; Figure 4-12 & 4-13),
accumulated rain days (ARD; Figure 4-14 & 4-15), accumulated precipitation days (APreD; Figure 4-16 &
4-17), accumulated relative humidity days (ARHD; Figure 4-18 & 4-19), accumulated solar radiation days
(ASRD; Figure 4-20 & 4-21), and accumulated wind speed days (AWSD; Figure 4-22 & 4-23). Distribution
plots fitted to a LOESS curve are presented by donor; comparison plots between individual weather
variables and ADD K follow. Because sufficient evidence to support the cessation of decomposition at 0
°C is lacking, negative values on the ADD C scale create visual complexity, and ADD K integrates negative
temperature values into a positive scale, atmospheric data are compared to the ADD K scale.

4.2.2a Accumulated pressure days (APD)
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Figure 4-12: LOESS distribution of individual donor TBS vs APD among the high-altitude cohort.
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Figure 4-13: LOESS comparison of APD and ADD K distribution. Note the generally shared trend in rapid
increase of TBS with PMI. Donor position and color are consistent across variables.
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Accumulated pressure days (APD) share a compelling relationship with ADD K. Both of the scales
demonstrate a rapid increase in TBS followed by a plateau. The distribution of APD presents a steeper,
more linear climb than ADD K, indicative of a more rapid increase in TBS in early PMI than is associated
with temperature. However, APD and ADD K share the same general trend, suggesting the potential
utility of APD in PMI estimation.

4.2.2b Accumulated rain days (ARD)
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Figure 4-14: LOESS distribution of individual donor TBS vs ARD among the high-altitude cohort.
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Figure 4-15: LOESS comparison of ARD and ADD K distribution plots. Note the overall lack of shared
distribution as ARD values remain relatively constant across PMI. Donor position and color are consistent
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With the exception of donors 20-101 — 20-103 - who share moderate similarity in accumulated
rain days (ARD) distribution with ADD K — ARD are largely horizontal linear throughout PMI and tend to
fluctuate at or around zero. This is likely an artifact of the temporal structure of rainstorms in the High
Rockies, characterized by punctuated instances of heavy, but relatively brief downpours throughout the
summer months. While the punctuated structure of summer storms has an impact on the trajectory of
decomposition (e.g. eradicating maggot masses and rehydrating tissue) the overall distribution suggests
that ARD will serve as a poor index for PMI estimation.

4.2.2c Accumulated pressure days (APreD)
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Figure 4-16: LOESS distribution of individual donor TBS vs APreD among the high-altitude cohort.

87



20-101 20-102 20-102 20-104

900~
600-
300-
0- . 2 8 oo 00

-300-

20-105 20108 20-107 21-101
© 900~
©
a
5
g o00-
=3
(%3
@
& 300-
b=
2
o
= il e  Sesel -—or M
2 o
3
o
<
-300-
21102 21104 21105 21106
900 -
600-
300- r
0- [
-300- ] ; ] ; ] ] ] ; ] ] ] ;
10 20 30 10 20 30 10 20 30 10 20 30
Total body.score
20-101 20-102 20-103
442413392~
59874.142-
’,f o
-
8103.084 - [ 4
8
1096.633- 5 = :
. p .
L L] s -
20-105 20-106 20-107 21-101
442413392
59874.142-
X
[a) [
O 8103.084- i e?
< . il 'J
1096.633 - $ s $
L] - L]
. . .
21-102 21-104 21-105 21-106
442413.392-
59874.142 -
8103.084 - = o>
1096.633- % H H :
. s . .
L] L ° L]
10 20 30 10 20 30 10 20 30 10 20 30

Total.body.score

Figure 4-17: LOESS comparison of APreD and ADD K distribution plots. Note the generally shared trend in
rapid increase of TBS with greater PMI. Donor position and color are consistent across variables.
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The distribution of accumulated precipitation days (APreD) is similar in structure to accumulated

pressure days. Unlike rainfall, defined as the amount of rain that falls on one day, APreD encapsulates

any product of atmospheric water vapor (such as rain, sleet, snow) that falls from clouds due to

gravitational pull. Both ADD K and APreD demonstrate a rapid increase in TBS followed by a score

plateau. The distribution of APreD presents a steeper curve, indicative of a more rapid increase in TBS

throughout early PMI than is associated with temperature. However, APreD shares the same overall

distribution structure as ADD K, suggestive of the potential utility of APreD in PMI estimation.
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Figure 4-18: Distribution of individual donor TBS vs ARHD among the high-altitude cohort.
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Figure 4-19: Comparison of ARHD and ADD K LOESS distribution plots. Note the generally shared trend in
rapid increase of TBS with increase in PMI. Donor position and color are consistent across plots.
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The distribution of accumulated relative humidity days (ARHD) is similar in structure to APD, and
APreD. Both ADD K and ARHD demonstrate a rapid increase in TBS that plateaus with an increase in PMI.
While the distribution of ARHD presents a similar structure, the ‘plateau’ phase is characterized by a
continued slow climb among the majority of donors. However, ARHD shares the same overall
distribution structure as ADD K, which suggests the potential utility of ARHD in the estimation of PMI.

4.2.2e Accumulated solar radiation days (ASRD)
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Figure 4-20: Distribution of individual donor TBS vs ASRD among the high-altitude cohort.
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Figure 4-21: LOESS comparison of accumulated SRD and ADD K distribution plots. Note the generally shared
trend in rapid increase with PMI. Donor position and color are consistent across plots.
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Both ADD K and ASRD demonstrate an increase in TBS with an increase in PMI, followed by a
plateau. However, the ‘plateau’ observed in ASRD is composed of several linear plateaus that increase
with greater PMI. The (paradoxically named) ‘dynamic plateau,” associated with ASRD suggests its
potential to serve as a powerful predicter in the estimation of late-stage PMI.

4.2.2f Accumulated wind speed days (AWSD)
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Figure 4-22: Distribution of individual Donor TBS vs AWSD among the high-altitude cohort.
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Figure 4-23: LOESS comparison of AWSD and ADD K distribution plots. Note the generally shared trend in
rapid increase of TBS with increase in PMI. Donor position and color are consistent across plots.
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Both ADD K and AWSD demonstrate a rapid increase in TBS associated with early PMI, although
AWSD presents an early horizontal trend in climb that is not present on the ADD K scale. While less
dynamic than the plateau series associated with ASRD, late stage ASWD presents a similar trend. While
differences are distinct in early PMI, AWSD shares an overall similar distribution with ADD K, with the
added benefit of the dynamic late-stage plateau series, suggesting the utility of AWSD in PMI estimation.
4.2.3 Results: Multivariate regression

The application of a LOESS curve to each of the atmospheric variables invariably demonstrates
that the data are not linear. A multivariate regression model simultaneously incorporating each of the
atmospheric variables as the response variable, and TBS as the single explanatory variable was
performed. A comparison of R-squared values to assess the explanatory power of variation in
decomposition associated with each variable was performed. Polynomials were tested in the first,
second, and third orders using the default window span of a = 0.75. R-squared values for each degree
are presented in Table 4-1. While ADD K was used to eliminate negative temperature values in visual
assessment of LOESS plots, there is a paucity of data supporting the scale’s use in taphonomic study. As

a result, all subsequent data are considered along the ADD °C scale.

Table 4-1: Comparison of R-squared values among atmospheric variables tested using the first, second,
and third orders.

Weather Variable First order R> Second order R> Third order R?
Accumulated Degree Days °C 0.5464 0.6092 0.6435
Accumulated Pressure Days 0.5481 0.5692 0.5904
Accumulated Rain Days 0.0056 0.0803 0.0965
Accumulated Relative Humidity Days 0.5274 0.5523 0.5716
Accumulated Solar Radiation Days 0.5555 0.6646 0.6663
Accumulated Precipitation Days 0.4507 0.4602 0.4962
Accumulated Wind Speed Days 0.5906 0.6540 0.6539
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With the exception of ARD, all atmospheric variables perform almost as well as ADD, and some
better than ADD based on order. This general pattern was observationally predicted within the data
fitted with a LOESS curve. R-squared values associated with the first (linear) order explained the least
amount of variation in decomposition, an expected outcome of analysis of non-linear data. However,
the R-squared values associated with APD, ASRD, and AWSD exceeded ADD. Both the second and third
orders are parabolic, and both categories present higher R-squared values when compared to those of
the linear model. R-squared values associated with ASRD and AWSD explained more variation in
decomposition than ADD in the second order. While the R-squared value associated with APD increased,
it failed to rise above that of ADD. The third order yielded the highest R-squared values across all
atmospheric variables, an unsurprising result based on the complexity of the data structure
demonstrated by LOESS. In the third order, the R-squared values associated with ASRD and AWSD
exceeded that of ADD, followed by APD, ARHD, APreD, and ARD, respectively.

Consideration must be given to the selection of window span and the degree of the polynomial
order, as each constitutes a tradeoff between bias and variance. A small window span limits the data
proximal to x which may result in insufficient data and an inaccurate fit, resulting in large variance. A
large window span results in over-smoothing, with subsequent loss of information, resulting in large
bias. The polynomial selected carries equal weight. While a high-degree polynomial provides a better
approximation of the population mean (less bias), the model incorporates more factors (greater
variance). Because this is an exploratory analysis designed to generally assess the potential predictive
power of atmospheric variables in future model building, analytical priority was given to the R-squared
value.

Because multivariate regression models yield slope and intercept, a series of predictive
equations may be derived from the data. However, due to the poor qualitative and quantitative

performance of the TBS model at high-altitude, these equations are not considered applicable to the
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data in this study, and therefore have not been presented. However, they do demonstrate the analytical
power associated parabolic modeling and with early exploratory analysis.
4.3 Conclusion

Quantitative analysis of the high-altitude data within the TBS model indicates that it is not a
good fit for these data, rendering application of the model in a high-altitude environment inappropriate.
Distribution plots demonstrate that the high-altitude data are not linear. Because there is a paucity of
evidence to support the cessation of decomposition at 0 °C, the high-altitude TBS data were considered
along three temperature scales, ADD C, ADD C>0, and ADD K and plotted using LOESS. The distribution
of ADD K and ADD C>0 presented similarities attributable to the removal of negative values from the
data set. Conversely, the distribution of ADD C was characterized by complexity resulting from
undulations associated with negative values. Overall, ADD K detected changes in late-stage score
plateaus that were obscured by the ADD C>0 scale. This is likely due to the incorporation of small
increments of thermal energy into the ADD K scale, as opposed to their removal from the ADD C>0 scale.
Further research devoted to the use of temperature scales in predictive model building is needed,
however ADD K is a promising scale for integration of negative values and for application in
environments associated with negative temperature values, as predicted by Dabbs (in press).

The distribution of six atmospheric variables were assessed using LOESS. With the exception of
accumulated rain days, each distribution shared varying degrees of similarity in structure with ADD K.
Multivariate regression performed in the first, second, and third orders confirmed these observations.
The lowest R-squared values were observed in the first (linear) order, a predictable outcome based on
the non-linear data set. The R-squared values associated with accumulated solar radiation days and
accumulated wind speed days exceeded those of ADD in the second and third orders, indicating both
explain more of the variation in decomposition at high-altitude than temperature. Future study devoted

to the integration of two or more ADD atmospheric variables into model building is warranted.
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CHAPTER 5
RESULTS QUALITATIVE ANALYSIS
5.0 Qualitative analysis: Classic categories of tissue change
Within its intracategorical descriptions, the TBS model uses six ‘classic,” descriptions of
decomposition change: skin slippage, purge, specific patterns of soft tissue color change, marbling,
bloat, and moist decomposition. Each category was scored as present (1) / absent (0) on each data day,
facilitating correlation between the categorical change and ADD. Each variable, and the interdonor
range in ADD point presentation are presented in Figure 5-1. Because the goal of category identification
is to create a descriptive matrix unique to high-altitude, the range is presented as opposed to each ADD
point to: (1) establish earliest presentation; and (2) establish the range of ADD within which a
categorical trait first presents. Categorical traits possessing a wide range of presentation (i.e. presenting
across a broad range of ADD), are less likely to serve as strong temporal markers and are therefore less
likely to benefit future development of a predictive model. This study established an 80% threshold for
intracohort trait presentation. Traits failing to meet the 80% threshold were rejected from future model
building. The temperature scale used is ADD °C, however because temperature models were previously

discussed in terms of ADD C, ADD C>0, and ADD K, ADD¢ is substituted for clarity.
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Figure 5-1: Cohort range in ADD¢ point presentation, by classic decomposition variable. Orange represents the
earliest point presentation of a named trait; blue represents the latest point presentation of a named trait. The
space between represents the range of trait presentation across all donors.

5.1 Presentation of classic categories within the high-altitude cohort
5.1.1  Skin Slippage: Skin slippage was observed in three donors (25% of sample); the range of
first point of presentation was 0 - 18 ADD". This variable failed to meet the established 80%
intracohort threshold, and is rejected from future model building.
5.1.2  Purge: Purge was observed in one donor (8% of the sample); the point of first
presentation was 2533 ADDC. This variable failed to meet the established 80% intracohort
threshold, and is rejected from future model building.
5.1.3 TBS Model Specific Pattern of Color Change: While all donors presented distinct patterns
of color change, the initial step was to assess the degree to which the observations made at

high-altitude were encapsulated by the TBS model. The TBS model presents four categories of
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color change: (1) fresh, no discoloration; (2) pink to white; (3) gray to green; and (4) brown to

black. Fresh, no discoloration is considered foundational to all decomposition trajectories, and

therefore was not subject to analysis.
5.1.3a Pink to white discoloration: The pink to white category is problematic because
11 of the 12 donors are White and therefore naturally present as pink to white in early
decomposition. Additionally, the pink to white category presupposes that the subject of
a PMI estimate is White. This category is rejected because it fails to encapsulate the
broad spectrum of in vivo skin color that may present for forensic analysis.
5.1.3b Gray to green discoloration: This category was observed in one donor (8% of the
sample); the point of first presentation was 18 ADD¢. This variable fails to meet the
established 80% intracohort threshold, and is rejected from future model building.
5.1.3c Black to brown discoloration: This category variably presented in circumscribed
areas of color change throughout decomposition. However, neither presented as the
dominant mode of color change, or with phasic consistency to the TBS model. Brown
(specifically, umber) did present as a dominant color change within the high-altitude
cohort, however this was associated with late advanced decomposition, as opposed to a
phasic characteristic of early decomposition as presented by the TBS model. Likewise,
the TBS model identifies black discoloration as a dominant phase within early
decomposition. While high-altitude donors presented black discoloration, it was
typically circumscribed as opposed to dominant and observed in mid to late
decomposition. Because the presentation of black to brown tissue discoloration fails to
correspond with the phasic pattern of color change presented within the TBS model,

both are rejected from future model building.
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5.1.4 Marbling: Eight donors presented marbling (67% of sample). The range of first point
presentation was 1 - 309 ADDE. This variable fails to meet the 80% intracohort threshold and is
rejected from future model building.
5.1.5 Bloat: Bloat was presented by eight donors (67% of sample). The range of first point
presentation was 239 - 2206 ADD¢. While presentation of bloat approaches the 80% intracohort
threshold, the range of ADD presentation is broad, suggesting that it does not possess the
resolution necessary to act as a temporal predictor in this high-altitude environment. This
variable failed to meet the 80% intracohort threshold, and is rejected from future model
building.
5.1.6  Moist decomposition: Moist decomposition was presented by 10 donors (83% of
sample). The range of first point presentation was 450 - 3572 ADD". This variable meets the
established 80% intracohort threshold, and is accepted for future model building.
5.2 Categorical change identified at high-altitude
From the onset of the study, the ‘classic,” categories of decomposition served as indices against
which to identify a suite of decompositional change within the high-altitude cohort. Because high-
altitude specific categorical change had to be identified and described, emphasis was placed on isolating
and describing environment specific categories of change and the frequency with which they presented
within the cohort. This was performed within the first-year cohort (2020; Donors 20-101 — 20-107) and
constituted an eight-month study period (3/31/2020 — 1/7/2021). Once isolated, these categorical
changes were documented and scored as present (1) / absent (0) more precisely in the second year.
Field documentation of the isolated variables began with the first placement of the year 2021 cohort, on
January 7, 2021. A retrospective study of the first donor cohort was performed using field photographs

to holistically assess the presence of high-altitude changes within the collective study cohort.
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The result was the identification of seven categorical changes. While several of these categories
are well-documented in research and in case study, the suite of changes is hypothesized to be unique to
the high-altitude environment. These categories include: (1) environment specific pattern and trajectory
of soft tissue color change; (2) adipocere formation; (3) fluid bloat; (4) tissue island formation (localized
differential decomposition); (5) skin sloughing; (6) pseudoburial; and (7) slope roll. Each variable, and
the interdonor range of ADD point presentation are presented in Figure 5-2. The ultimate goal of
category identification is the creation of a descriptive matrix unique to high-altitude. As such, the range
of trait presentation is emphasized as opposed to each donor’s ADD point presentation. This was done
to: (1) establish earliest point presentation; and (2) establish the range of ADD point presentation within
which a categorical trait presents. A categorical trait possessing a wide range of point presentation (i.e.
presenting across a broad range of ADD), is less likely to serve as a strong temporal marker and
therefore less likely to be of benefit in future model building. The 80% threshold for intracohort trait
presentation established to test the ‘classic’ categories was also applied to high-altitude categorical

change. Traits failing to meet the 80% threshold were rejected from future model building.
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Figure 5-2: Cohort range in ADD® point presentation, by decomposition variable. Blue represents the earliest
point presentation of a named trait; orange represents the latest presentation of a named trait. The space
between represents the range of trait presentation across all donors.

5.2.1 Adipocere formation: Adipocere formation occurs in environments where water content
(endogenously and/or exogenously sourced) is high and oxygenation is low. The result is hydrolysis (the
cleaving of chemical bonds by a molecule of water) and hydrogenation (the process through which a
molecule - in this case lipid molecules - are reconfigured through their affinity for dihydrogen
molecules). The result is a structural reconfiguration of the lipid base, resulting in a solid or semi-solid
fat. As lipids are converted to fatty acid, pH drops, inhibiting bacterial growth and promoting soft tissue
preservation (Clark et al. 2006).

Adipocere formation presented in 12 donors (100% of sample); the point presentation range
was 668 — 2313 ADDC. This variable meets the established 80% intracohort threshold and is accepted for
future model building. Three modes of adipocere formation were observed: (1) superficial aggregates;

(2) defect bound aggregates; and (3) interstitial and intracellular adipocere formation.
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5.2.1a Superficial Adipocere Formation: Superficial aggregates ranged from lipid dense focal
aggregates (Figure 5-3) to structurally prominent and widely dispersed films (Figure 5-4). Superficial
lipid dense adipocere formation begins in moisture folds and builds upon itself in both aggregate
height and breadth. At the apogee of formation, aggregates lose their pliable quality and density
resembles candlewax in appearance and palpation. As time progresses, density is lost, and
morphology is characterized by bulk shedding of aggregates into the surrounding environment. Low-
lying, widely dispersed films are retained further into the postmortem interval; morphology is
characterized by sequential desiccation, cracking, and sloughing. A time series progression of

superficial adipocere formation is presented in Figure 5-4.

Figure 5-3: Left - Lipid dense focal adipocere aggregate L 35.50cm x W 13cm x H 10cm at the furthest
projection points; Right - Broad distribution of superficial lipid dense aggregates (indicated by arrows).
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Figure 5-4: Time series formation of superficial lipid dense adipocere formation. Formation begins in moisture folds
and builds upon itself in both aggregate height and breadth of dispersal, until eventual desiccation and sloughing.
Pictured: PMI 240-336 days; TBS 29-31; ADD* 36 - 1636
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5.2.1b Defect Bound Adipocere Formation: Gross observation of focal adipocere formation was
observed in tissue defects introduced by scavenging packrats (Neotoma cinerea; the bushy tailed
woodrat) and boring magpies (Pica hudsonia). Adipocere formation was both focal and
circumscribed due to the barrier created by the walls of tissue defect. A less frequent variant of this
phenomenon was adipocere formation in pronounced anatomical depressions (e.g. the abdomen
following tissue collapse).

Focal, circumscribed adipocere formation was characterized by tissue defect formation,
most typically introduced by a small-bodied scavenger. Defect bound aggregate formation followed
a predictable course: (1) defect introduction; (2) infiltration of defect by endogenous fluid; (3) active
bubbling of fluids (effervescence) within the defect as gasses are released; (4) introduction and
increase of fluid opacity as lipid infiltration progresses; and (5) transition from lipid dense fluid to
soft ceraceous paste. The lipid dense adipocere served as a valuable food source for nesting
packrats, who returned to the defect to scavenge newly formed adipocere. The cycle of defect
introduction, adipocere formation, and scavenging, repeated until moisture and lipid content were
no longer sufficient to propagate the series (Figure 5-5). Magpies also demonstrated a propensity

for boring into tissue containing superficial adipocere aggregates (Figure 5-6).
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Figure 5-5: Defect bound adipocere formation. Top: Fluid infiltration of scavenger induced defect with active bubbling
as gasses and lipids are released. Middle: Adipocere fermentation followed by scavenging of lipid dense wax and
second-generation infiltration of defect by endogenous fluids. Bottom: Second-generation of lipid sparse adipocere
formation, followed by scavenging of adipocere and third-generation fluid infiltration.
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5.2.1c Interstitial and intracellular adipocere formation: Interstitial and intracellular adipocere
formation are hypothesized to be catalyzed by endogenous H,0O and subdermal hydrolysis and
hydrogenation of lipid dense cellular membranes, cellular compartments, interstitial fluid, and
adipocytes. Interstitial and intracellular adipocere formation followed two modes of
presentation. In individuals with a lower body mass index (BMI<30), formation presented as a
waxy epidermal sheen (Figure 5-6), a diffuse morphological structure (Figure 5-7), or as
subcutaneous aggregates resembling large, deep, wax filled bullae. Wax filled bullae were often
scavenged late into the postmortem interval, revealing fresh adipocere filled pockets within
ceraceous desiccated tissue (Figure 5-8). When the tissue was palpated, the consistency of deep
dermal layers was waxy and pliable. Superficial interstitial adipocere formation was
characterized by a bright tissue surface sheen. When manipulated, the tissue had the
consistency of thin sheets of beeswax. In advanced decomposition, as desiccated tissue
expanded and contracted, waxy longitudinal cracks presented. Due to the presence of
interstitial adipocere, tissue adopted an elastic character and environmentally mediated
mechanical stress and strain were insufficient to result in tissue failure. Instead, tissue
responded elastically, evident in the macroscopic presentation of stress and strain lines (elastic
deformation) and gross morphological change (plastic deformation). Neither phenomenon was
associated with failure (Figure 5-9). In addition to the above outlined tissue change, individuals
with a higher BMI (BMI>30) presented macroscopically visible intracellular adipocere formation.
Intracellular adipocere formation is hypothesized to be the result of appreciable expansion of
superficial adipocytes following endogenous adipocere formation. Intracellular adipocere
formation is evident in longitudinal retention of cellular expansion across the postmortem

interval. Retention of cellular expansion is followed by cellular retraction during intermediate to
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advanced decomposition, a pattern consistent with macroscopic patterns of adipocere

formation, desiccation, and retraction across time (Figure 5-10).

Figure 5-6: Top: Thorax presenting interstitial adipocere formation, characterized by a waxy sheen to the
tissue and a beeswax like quality when palpated; note superficial widely dispersed adipocere aggregate (right
shoulder; yellow arrows) and subcutaneous abdominal aggregate (white arrows). Bottom left: Adipocere
containing entrapped maggots, formed in depression following abdominal collapse. Bottom right: Magpie
boring in tissue containing a superficial desiccated adipocere aggregate (right thigh, midline).
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Figure 5-7: Interstitial adipocere formation as a diffuse morphological structure. All
yellow surfaces are dense layers of adipocere beneath superficial dermal layer.
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Figure 5-8: Scavenging of an adipocere filled pocket in late-stage decomposition
(indicated by arrows). Note the retention of ‘fresh’ waxy moisture, contrasting the
surrounding waxy desiccated tissue and skeletonization.

Figure 5-9: Interstitial adipocere in advanced decomposition. Elasticity afforded by
interstitial adipocere prevents tissue failure during mechanical stress and strain.
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Figure 5-10: Intracellular adipocere formation, macroscopic (top) and detail view (bottom). Left, early
subdermal intracellular adipocere formation (PMI 70 days, TBS 15, ADD® 465). Right, changes in subdermal
intercellular adipocere formation in advanced decomposition. Cellular structure has retracted but adipocere
structure retains general morphologyv (PMI 130 davs, TBS 22, ADD® 1395).
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5.2.2  Fluid Bloat: Fluid bloat was presented by 10 donors (83% of sample); the range of first point
presentation was 239 - 1530 ADD®. This variable meets the 80% intracohort threshold and it is accepted
for future model building.

Fluid bloat resembles gaseous bloat in that it results in expansion of an affected anatomical
region. Gaseous bloat is observed in anatomical regions most closely associated with lumina of the
digestive tract (abdomen, neck, proximal limbs). Conversely, fluid bloat most typically presents in
downslope oriented, peripheral aspects of the body (distal limbs/hands and feet). Two donors (20-103 &
20-104) were placed head downslope, feet upslope. Both presented fluid bloat in the shoulders, neck,
and lateral cranium. The remaining donors were placed head upslope, feet downslope. In this
orientation, fluid bloat presented in the enclosed capsule of the hands and feet. This suggests that the
catalyst for fluid bloat is the displacement of fluid across tissue gradients due to gravity.

Fluid bloat occurs when migrating fluids reach a dermal barrier and aggregate, causing
expansion of the surrounding tissue. The application of pressure to the affected area causes fluids to
displace and the overlying tissue to blanch. An important byproduct of fluid bloat in the hands and feet
is the passive displacement of skeletal elements to a more superficial position. Time series observation
of fluid bloat formation revealed a macroscopic pattern of: (1) endogenous fluid infiltration of the
affected region with dermal entrapment; (2) expansion of the affected body region as dermal collagen
and elastin stretch to accommodate increases in fluid volume while the dense keratinization of the
dorsal and palmar surfaces of the hands/feet prevent tissue failure; (3) muscle dense keratinized
palmar/dorsal surfaces create a modified anatomical simple machine where entrapped, pressurized fluid
creates a dynamic fulcrum, the diaphysis of manual/pedal long bone acts as a beam, the cortico-
trabeculae dense epiphyses act as the load, and the relatively static keratinized palmar/plantar surfaces
approximate effort (a fixed counter weight). The result is the superficial displacement of associated

skeletal elements as fluid volume increases; (4) tissue expansion associated with phasic increases in fluid
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volume perpetuates superficial displacement of skeletal elements; (5) cessation of tissue expansion
occurs when the volume of infiltrating fluid exceeds the spatial capacity of the affected anatomical
region; (6) the attainment of maximum volume is followed by a decrease in fluid volume with
concomitant drying of the overlying dermis. This process does not present in a manner similar to moist
decomposition, suggesting forced redistribution of fluids back into surrounding (and now dehydrated)
tissue, slow evaporation, or a combination of both; and (7) the trend in fluid loss and tissue drying
advances. Skeletal elements are further displaced and their superficial displacement emphasized as
retracting tissue tightly shrink wraps the related skeletal element. The resulting, intimately associated
tissue-bone complex is sufficient to emphasize skeletal elements as diminutive as sesamoid bones.
Summarily, the process of fluid bloat, superficial reorientation of skeletal elements, fluid loss, and
intimate tissue-bone complex result in rapid skeletal exposure with concomitant vulnerability to
scavengers and gravity motivated patterns of disarticulation and environmental transport. A time series

progression of fluid bloat is presented in Figure 5-11.
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Figure 5-11: Time Series progression of fluid bloat in the hand. Top: fluid aggregation and superficial displacement
of distal metacarpals. Middle: Increase in fluid volume with concomitant superficial displacement of the proximal
phalanges, followed by fluid volume decrease and drying of overlying tissue. Bottom: Fluid loss and tissue drying
resulting in further morphological emphasis of underlying skeletal elements.
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5.2.3 Tissue Island formation/localized differential decomposition: Tissue Island formation/localized
differential decomposition was presented by 10 donors (83% of sample); the range of first point
presentation was 374 - 1530 ADD¢. This variable meets the 80% intracohort threshold and is accepted
for future model building.

Tissue Island formation/localized differential decomposition presents as both focal and diffuse
areas of tissue dehydration. Both modes advance to coalescence with surrounding tissue over time. In
areas of diffuse tissue drying and retraction, large areas of waxy desiccated dermis are interrupted by
circumscribed areas of fresh tissue (i.e., tissue islands). These ‘tissue islands,” are distinct from bullae
(postmortem blisters containing serous fluid) in structure and density. Unlike bullae, these
circumscribed structures retain tissue structure and density, emphasized by the relief of surrounding
tissue (Figure 5-12). Tissue island pronouncement increases with time, suggesting that islands are the
byproduct of phasic periods of fluid displacement and interstitial adipocere formation. Concomitant
peripheral tissue drying and retraction results in pronounced differences in the composition of islands
and adjacent tissue. In their final phase of presentation, islands are incorporated into the surrounding
tissue, suggesting fluid displacement, and subjectivity to the same physiological processes manipulating
the surrounding tissue.

In focal presentation, the inverse is true. Focal presentation is characterized by circumscribed
areas of dry tissue and interstitial adipocere formation surrounded by fresh tissue. Tension generated by
the retraction of dry tissue creates peripheral tension lines in the adjacent fresh tissue. The
circumscribed area of dry tissue invariably presents maroon or orange tissue discoloration that expands

in anatospatial area with the increase of time (Figure 5-13).
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Figure 5-12: Pictured: Right proximolateral leg. Top - Tissue islands retain the structure and density of fresh
tissue, emphasized by the relief of surrounding tissue (PMI 29 days; TBS 8; ADD © 139). Middle — Island
pronouncement increases with time suggesting phasic tissue retraction (PMI 42 days; TBS 13; ADD® 340).
Bottom - Eventual incorporation of islands into surrounding tissue (PMI 52 days; TBS 21; ADD* 482).
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Figure 5-13: Differential decomposition characterized by tissue dehydration/interstitial adipocere formation. Left -
Wide dispersal of focal differential decomposition (45cm x15.25cm) presenting orange discoloration and central tissue
islands. Right - Small circumscribed area of differential decomposition (3.80cm x 3.54cm) presenting maroon/rose
tissue discoloration. Note tension generated by the retraction of dry tissue resulting in peripheral tension lines in fresh

5.2.4 Tissue Sloughing: Tissue sloughing was presented by 12 donors (100% of sample); the range of
first point presentation was 148 - 1530 ADDE®. This variable meets the 80% intracohort threshold and is
accepted for future model building.

Tissue sloughing is distinct from skin slippage in both timing and mechanism. Skin slippage is
catalyzed by the release of hydrolytic enzymes by cells lining the dermal-epidermal junction — as a
cellular-mediated process, it necessarily occurs in early decomposition before cell death is complete.
Tissue sloughing is defined as a later-stage multivariate process of tissue loss due to extrinsic mechanical
processes acting upon intrinsic tissue structure. As decomposition degrades the structural integrity of
organ and tissue structures, and interstitial adipocere formation advances, the dermis mechanically
retracts. The result is punctuated incidences of large-scale sloughing of the most superficial layer of
desiccated tissue. As is observed with tissue island formation/localized differential decomposition, tissue
sloughing takes two forms: (1) dynamic; and (2) idle.

5.2.4a Dynamic tissue sloughing is most typically observed during early to intermediate

decomposition and is anatomically focal (e.g. a punctuated event may be limited to the cranio-facial
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region). Tissue loss is characterized by the uplift of large, delicate, desiccated tissue segments.
Tissue segments may maintain structural cohesion as they coil and separate from the underlying
dermis, or slough independently in large flakes. Tissue loss is invariably associated with tissue color
change across each generation of sloughing. A weekly time series of dynamic cranio-facial tissue loss
is presented in Figure 5-14.

5.2.4b Idle tissue sloughing is associated with advanced decomposition. Idle tissue loss is
characterized by homogenous drying of tissue and minute separation of tissue layers associated
with large relatively flat anatomical segments (e.g. the chest or abdomen). Early-stage minute tissue
separation is almost imperceptible but lends the affected area an opaque quality. As idle separation
advances, the affected tissue begins to crack while maintaining an intimate but tenuous relationship
with the interfacing dermal layer. The result is an expanse of tissue that resembles a pane of
cracking glass. Tissue ‘shatter’ is followed by the successive sloughing of delicate tissue layers. This
process is phasic and repetitive throughout mid- to late- decomposition and is invariably associated
with color change in the underlying tissue. A weekly time series of idle tissue loss is presented in

Figure 5-15.
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Phase 3

Figure 5-14: Weekly time series presenting dynamic tissue sloughing. Each line presents one week of change anterior
aspect (left), anterolateral aspect (right). Phases 1 -3.

Phase 1 (PMI 43 days; TBS 12; ADD 180): Note maroon/orange/plum mottling with no apparent tissue uplift.

Phase 2 (PMI 50 days; TBS 17; ADD 276): Note plum/maroon color homogenization and proliferative tissue separation
in the superior and lateral aspects of the face and neck.

Phase 3 (PMI 57 days; TBS 18; ADD 388): Note fading of maroon discoloration in the cheeks, tissue discoloration
trending toward diffuse plum. Active tissue sloughing has resulted in reduced breadth of sloughing clusters.
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Figure 5-14: Weekly time series presenting dynamic tissue sloughing. Phases 4-6.
Phase 4 (PMI 63 days; TBS 19; ADD 425): Note homogenously plum facial discoloration and prominent separation of
sloughing clusters into large individual flakes.

Phase 5 (PMI 71 days; TBS 20; ADD 547): Note plum discoloration trending toward brown/umber with maintenance of
plum undertones. Appreciable sloughing with reduction in size of tissue clusters has occurred.

Phase 6 (PMI 78 days; TBS 21; ADD 733): Note dramatic change in tissue discoloration from plum/brown/umber to
central umber and peripheral pale brown/yellow following terminus of tissue sloughing.
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Figure 5-15: Weekly time series presenting idle tissue sloughing, phases 1-6.
Phase 1 (PMI 60 days; TBS 24; ADD 645) Abdominal discoloration homogenously yellow with slight opacity.

Phase 2 (PMI 66 days; TBS 24; ADD¢669) Early, intimate separation and cracking at tissue interface with yellow
discoloration shifting to maroon/rose/orange/yellow mottling.

Phase 3 (PMI 74 days; TBS 24; ADD¢ 707) Diffuse shattered glass appearance over maroon/rose/orange/yellow mottling.
Circumscribed areas of tissue sloughing present homogenous color change (indicated by arrows).

Phase 4 (PMI 82 days; TBS 24; ADD® 736) Sloughing resulting in additional circumscribed areas of color change
(indicated by arrows).

Phase 5 (PMI 90 days; TBS 24; ADD¢ 762) Tissue trending toward diffuse vibrant orange while retaining overlying layer of
tissue separation.

Phase 6 (PMI 96 days; TBS 24; ADD 773) Expansive tissue sloughing resulting in homogenous vibrant orange tissue
discoloration. Note tissue collapse, waxy adipocere sheen, and lateral yellow/brown discoloration due to adipocere
formation.

5.2.5 Pseudoburial: Pseudoburial was presented by 12 donors (100% of sample); the range of first
point presentation was 600 - 4300 ADDE. This variable meets the 80% intracohort threshold accepted for
future model building. However, the point of first presentation range is broad and the associated

changes wholly dependent upon the extrinsic environment, suggesting that this trait may not possess
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the resolution necessary to act as a strong temporal marker. Pseudoburial is therefore considered an
important component of the local taphonomic profile, but is rejected for use in future model building.
Pseudoburial is a dynamic process observed throughout the period of bodily exposure to
environmental elements. Pseudoburial is an extrinsic process within which decomposing remains are
acted upon by the ambient environment. While not unique to, nor homogenous across, the high-
altitude environment, documentation of the local complex of environment specific patterns of
taphonomic change contributes to the holistic picture of local patterns of decedent-environment
interaction. A greater understanding of local patterns of passive change — such as pseudoburial — have
the potential to inform variables such as taphonomic overprinting and the design of search and recovery
missions. Summarily, pseudoburial encompasses the processes by which a body becomes buried over
time. Three primary modes of pseudoburial were observed (a) active; (b) passive; and (c) animal
mediated.
5.2.5a Active pseudoburial is catalyzed by movement of the surrounding matrix downslope
through environmental processes such as slope wash - the transportation of soil and rock
downslope by gravity and water. Active pseudoburial is an additive process, as displaced matrix
aggregates around the body, dries, and is built upon by subsequent generations of wash. Over
time, overlying layers begin to create depth around the body, resulting in partial to complete
burial of the affected area (Figure 5-16).
5.2.5b Passive pseudoburial is catalyzed by aerial transport of debris that settle on the body’s
surface, in depressions, and beneath tissue layers in areas of anatomical ingress (Figure 15-17).
Matrix, pine needles, sticks, pinecones, pine fascicles, seed caps, and fine sediment may
aggregate on body surfaces or within exposed cavities, individually or in sum. Summarily,
passive pseudoburial serves to obscure the body within the landscape and has the potential to

catalyze decomposition by acting as an exfoliant, or by chemical induction, such as the
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introduction of environmentally metabolized volatile alcohol and oxides sourced from
monoterpene rich pine needles (Figure 5-17 & 5-18). Additionally, in the case of donors
presenting superficial adipocere formation, surface adipocere acts as an adhesive, binding
debris, including those that act as chemical exfoliants, masking color change, and facilitating

environmental camouflage (Figure 5-19).

Figure 5-16: Active pseudoburial catalyzed by the movement of matrix, rock, and surface debris
downslope by gravity, water, and snow drift. Note the almost complete burial of the right arm (indicated
by arrows), and the density of rock and soil infiltration of the proximal legs and groin area.
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Figure 5-17: Passive pseudoburial. Left — Thorax obscured by falling pine fascicles, pinecones, pine needles,
and sticks. Right — lower thorax, inguinal region, and proximal legs obscured by surface soil aggregates, cast
pine seed shells, rocks, and pine needles.
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Figure 5-18: Complex passive pseudoburial. Thorax obscured by infiltration of pine needles, pinecones, rocks,
matrix, and sticks. The visual image is further complicated by differential staining of osseous and connective tissues,
skeletal scavenging and localized scatter, differential cortical weathering, cortical sloughing, and delamination.
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Figure 5-9: Passive pseudoburial. Left — abdominal overview. Right - detail view. Superficial aipocere
formation acting as a surface adherent for environmental debris. Note the moist, ceraceous surface and
entrapped pine needles and sediment.

5.2.5¢ Animal mediated pseudoburial is the byproduct of vertebrates scratching, digging, or
burrowing into the matrices adjacent to a body, resulting in partial coverage of the associated
anatomical region. Due to the intentional exclusion of large-bodied scavengers, scavenging was limited
to insect, rodent, and avian species. Avian-promoted pseudoburial is characterized by scratching and
boring in the surrounding matrix and is invariably accompanied by discernable avian tracks. Rodent-
promoted pseudoburial is characterized by the unidirectional ‘tossing’ of matrix associated with
burrowing into the body or the surrounding environment (Figure 5-20). The result is partial burial of a
body surface, or surfaces associated with the site of soil disturbance.

The three subprocesses of pseudoburial may present individually, or in sum. Because it has the
ability to (1) obscure the body in the environment; (2) create an inaccurate picture of body deposition
(e.g. surface deposition misinterpreted as partial burial); (3) obfuscate or provide evidence for a primary
versus secondary deposition site; and (4) encourage tissue loss through abrasion, exfoliation, and
introduction of localized sources of destructive chemical compounds, pseudoburial is considered a

critical component of the regional forensic ecological profile. However, due to the multiple modes of
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pseudoburial, the unpredictability associated with the surrounding ecozone in producing a mode, and

analyst inability to predict mode interaction, it is not considered a positive predictive variable.

Figure 5-20: Animal mediated pseudoburial. Burrow hole in lateral thorax indicated by arrow, note
the almost complete coverage of the right proximal arm by displaced matrix.

5.2.6 Slope Roll: Slope roll was presented by eight donors (67% of sample); the point of first
presentation range was 1355 - 10142 ADD¢. Because this variable presents a wide breadth of first point
presentation, and did not meet the established 80% intracohort threshold it is rejected from future
model building. However, like pseudoburial, slope roll represents an important component of the local
taphonomic profile.

Slope roll is defined as the displacement of a whole body, or body parts, by a disturbance
(typically scavenging or gravity) on a slope. Unlike pseudoburial — descriptive of environmentally
mediated burial of human remains over time — slope roll describes the modes and patterns of the
transport of human remains through the environment across time (Figure 5-21 & 5-22). Eight donors
presented variably perceptible modes of slope roll (Table 5-1). Mode and timing of each is considered
important to building an overall composite of the role the environment plays in displacing skeletal

elements over time. In examples associated with autopsy incision (e.g. Donor 20-107), skeletal
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fragments are regarded as a reasonable approximation of skeletal disarticulation that may result from

trauma such as would be seen in partial or comminuted fracture of the cranium.

Table 5-21: Left - Calotte in approximate anatomical orientation (PMI 50-days). Right - calotte post-movement
downslope (approximately 4.60 meters; 85 days postmortem) as a byproduct of avian scavenging and gravity.

Figure 5-22: Donors 21-103 and 21-104, commingled and displaced downslope. Note the soil erosion line
(indicated by yellow line), contributing to the movement of both articulated skeletons downslope.
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Table 5-1: Mode and pattern of slope roll, summary of circumstance, TBS and ADD at the inception of movement.

Donor ID  Affected Area  Catalyst Summary TBS ADD
20-102 Sternal plate Scavenging/gravity  Sternal plate passively removed by small-bodied scavengers as they 22 1965 °C
consumed adjacent tissue, sternal plate migrated further downslope due
to gravity.
20-103 Limbs Scavenging A medium bodied canid scavenger burrowed into the cage. Passive, 29 6493 °C

lateral displacement of the right and left arms occurred as the hands were
actively scavenged.

20-104 Limbs Scavenging A medium bodied canid scavenger burrowed into the cage and displaced 29 6493 °C
the right leg, laterally and downslope.

20-105 Cranium Gravity Cranium separated from the postcranium due to tissue decompaosition 31 3873°C
followed by downslope roll.

20-107 Calotte Gravity Calotte separated from cranium in autopsy. As tissue decomposition 24 720°C
progressed, displacement from the cranium and movement downslope
occurred.

21-101 Whaole body Gravity Body placed mid-winter above snow line; approximately one meter of 17 1287
downslope movement was observed during spring melt.

21-104 Whaole body Scavenging/gravity  Disarticulation of skeleton by scavengers, subsequent movement of 31 821°C

skeletal elements both up and downslope by scavengers and gravity.
21-106 Whaole body Scavenging/gravity  Disarticulation of skeleton by scavengers, subsequent movement of 31 821°C
skeletal elements both up and downslope by scavengers and gravity.

5.2.7 Color change: While the patterns of soft tissue color change described in the TBS model failed to
present within the high-altitude cohort, a distinct series of color changes were observed. The pattern of
color change observed at high-altitude is a complex and dynamic process. Two primary color trajectories
were observed: (1) orange dominant; and (2) maroon dominant. Two subcategories of color change
associated with both primary trajectories, including (1) mottling — a pattern of irregular marks, spots,
patches, or blotches of different shades or colors; and (2) ombre — the blending of one color hue into
another, were further observed. While the precise trajectory of color change varied between donors,
color change followed one primary continuum, and is therefore considered a powerful temporal
predictive marker. The continuum of color change is presented in Figure 5-23 and summarized in Table

5-2. The ADDC range represents the approximate length of time each color phase presented.
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Figure 5-23: General anato-spatial trajectory of tissue color change throughout the postmortem interval.
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Table 5-2: Summary of major phases of color change, categorized by ADD.

ADD °C Head/Neck Thorax Limbs
3-55°C Deep maroon/purple or Deep maroon/purple or orange Early purple or orange blush
orange blush around the blush across the chest. Small, in hands and soles of feet
eyes and cheeks circumscribed areas of tissue drying advancing to rose/maroon or
that advances to diffuse with vibrant orange or maroon color ~ orange ombre blush in distal
purple or orange flush change usually present in thoraxand  limbs.
limbs.
56-179°C Diffuse maroon or orange Maroon or orange blush in chest Hands/feet and distal limbs
discoloration interrupted by  deepens and extends laterally advance toward diffuse
prominent display of the toward the shoulders. The abdomen  maroon or orange
inverse color (bright orange  presents a focal area of maroon or discoloration.
or maroon) on the bridge of  orange color change. A bridge of
the nose and on the cheeks.  ‘“fresh’ soft tissue bisects the two
regions.
180-260°C First generation tissue Lateral extension of chest Distal arms and legs present
sloughing reveals vibrant discoloration coalesces with vibrant diffuse maroon or
orange or maroon shoulder discoloration. Abdominal orange discoloration. Early
discoloration with and chest discoloration remain color changes in the proximal
peripheral deep plum distinct but begin to interrupt the arms and legs, often with a
discoloration. tissue bridge bisecting the two "blush” appearance that may
regions and extend toward include maroon/orange
coalescence. mottling.
261-670°C Second generation of Coalescence of tissue discoloration Coalescence of discoloration
diffuse tissue sloughing in proximal arms and lateral in proximal and distal limbs,
reveals diffuse gray/plum* shoulders/chest. Coalescence of interrupted by ‘fresh’ tissue
discoloration. abdominal and chest discolorations. bridge at the elbow/knee.
Homogeneity in color between the Distal limbs present diffuse
chest, abdomen, and inguinal discoloration, proximal limbs
region. present variation of maroon/
rose/orange ombre.
671—-1730°C “Color creep” phase. “Color creep” phase. Chest and “Color creep” phase.

1731-2540°C

2541-2636C

Color change > 2636
ADD °C

Umber introduced to
midfacial region with
retention of gray/plum
discoloration of the
periphery.

Loss of vibrancy phase. Loss
of gray/plum periphery;
homogenization of diffuse
umber.

Homogenization of diffuse
umber.

Diffuse umber

lateral shoulders maintain
homogenous discoloration. Midline
chest, abdominal region, inguinal
region, and immediate proximal
limbs share homogenous orange,
maroon, or maroon/rose/orange
ombre discoloration.

Loss of vibrancy phase. Diffuse
maroon fades to deep plum, oranges
fade to yellow/orange ombre.

Diffuse umber in chest and
shoulders. Pale yellow/umber ombre
in lateral chest, abdomen, inguinal
region, and immediate proximal
limbs.

Diffuse presentation of umber or
pale yellow, advancing to pale brown
with increase in ADD C.

homogenous orange,
maroon, or
maroon/rose/orange ombre
discoloration of distal limbs
coalesces with discoloration
in proximal limbs.

Loss of vibrancy phase.
Diffuse maroon fades to
deep plum, oranges fade to
yellow/orange ombre.

Pale yellow/umber ombre in
proximal limbs, diffuse
umber in distal limbs.

Diffuse presentation of
umber or pale yellow,
advancing to pale brown.
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* While the TBS model describes a gray to green discoloration, it is described and observed in very early
decomposition. The plum/gray observed in this study presents two to three months postmortem and is
foundationally derived from the vibrant orange/maroon that precedes it.
5.2 Honorable Mentions

Honorable mentions are changes observed within the study cohort that lack a strong phasic
correlation, or are hypothesized to have an impact on the gross or chemiophysical trajectory of
decomposition. These traits were not quantified in preliminary trait discernment and definition. These
categories include (1) limb float; (2) effervescence; (3) capillary marbling; and (4) snow metamorphism,
creep, and ice accretion.
5.2.1 Limb float

Limb float is defined as the creation of negative space between a limb and the underlying
matrix. Prominent limb float was observed in five donors (42% of cohort). The hands and feet were most
often affected; in one case the cranium presented enduring float following placement in mid-winter and
snowmelt in the spring. Based on limited observation, limb float is catalyzed by two primary modes: (1)
tissue desiccation followed by faunal mining and displacement of underlying matrix (Figure 5-24a); and
(2) slow but persistent repositioning of the body by snow creep, followed by rapid drying as might be
catalyzed by sublimation (Figure 5-24b). Limb float informs unique, environmentally mediated modes of
postmortem bodily manipulation resulting in alteration or repositioning of affected anatomical regions.
Limb float has the potential to act as a temporal marker, as presentation is associated with advanced
PMI and/or overwintering, or as a component of the local taphonomic profile.
5.2.2 Effervescence

Effervescence describes the formation of gas bubbles in a liquid by a chemical reaction.
Effervescence is an ephemeral variable, typically present for one to three days, precluding an accurate

estimate of intracohort presentation. In high-altitude environments, decreased atmospheric pressure
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results in expansion of gases to a greater volume. Active bubbling of fluids was observed in tissue
defects throughout early to late-intermediate decomposition (Figure 5-25). The physiochemical
properties of effervescence have both the potential to impact rate and pattern of decomposition, and
inform the suite of variables that have the potential to affect high-altitude decomposition individually or
insum.
5.2.3  Capillary marbling

Capillary marbling is characterized by the dissemination of hydrogen sulfide gas and resultant
color change within capillaries, the delicate branching blood vessels that form a complex network
between the arterioles and venules. While the presentation of ‘traditional’ marbling was relatively
prominent within the high-altitude cohort (67% of cohort), capillary marbling was presented by 12
donors (100% of cohort). Capillary marbling presented in circumscribed areas of the body throughout
the postmortem interval and was most typically characterized by vibrant orange tissue discoloration
threaded by a network of delicate, complex maroon/rose marbling (Figure 5-26).
5.2.4  Snow Metamorphism, Creep, and Ice Accretion

Holistically, snow metamorphism, creep, and ice accretion constitute a complex suite of
intercalated variables that have the potential to affect the rate and pattern of decomposition. Snow
metamorphism broadly refers to dynamic patterns of snow structure dictated by atmospheric
conditions, and temporally associated thermal clines within snow overburden. Creep refers to the
gradual, gravity catalyzed movement of snow downslope and is hypothesized to affect limb float.
Depending on ground conditions and atmospheric variables, signs of both snow metamorphism and
snow creep may be macroscopically visible (Figure 5-27). Ice accretion refers to the complex modes of
interaction between ice, gross morphology, and circumscribed tissue layers. Because the resolution of
data collection in this study was not sufficient to facilitate individual, microscopic investigation, this

complex suite of variables are considered in sum (Figures 5-28 & 5-29). Summarily these seasonally
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circumscribed variables indicate high potential to impact both gross, and physiochemical characteristics

and therefore warrant future investigation.

Y/ N . E 3 Nt

Figure 5-24a Top: Limb float resulting from faunal matrix mining. Note fresh upturned soil. Yellow
lines indicate relationship between palmar surface, slope, and 8 cm void

Figure 5-24b Bottom: Limb float resulting from snow creep and rapid drying. Yellow lines indicate
relationship between the posterior cranium, slope, and 17 cm void.
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Figure 5-25: Effervescence, dynamic fluid bubbling and moisture wicking at the base of a thoracic autopsy
incision, indicated by arrows.

Figure 5-26: Capillary marbling, characterized by a delicate network of capillaries (indicated by arrows)
presenting a maroon/rose discoloration within orange tissue discoloration (right proximolateral leg).
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Figure 5-27: Snow metamorphism and creep. Note ice dense structure of snow with wind sweep lines, pitting
and overall morphology that follows tissue surface, indicative of structural change in snow overburden. Wind
sweep lines oriented downslope provide a visual representation of snow creep (indicated by arrows).
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Figure 5-28: Cross-section of ice aggregates affecting the craniofacial region.
Top: Ice aggregates following morphology of face and maintained during snow melt.
Bottom: Wind turbinated snow in right orbital, resulting in the formation of a compact ice sphere.
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Figure 5-29: Cross-section of modes of postcranial ice aggregates.

Top: Ice aggregates retained on fresh tissue surface following primary snowmelt (arrows; note relative absence
of snow in peripheral environment). The retention of longitudinal ice aggregates suggests subdermal freezing to
maintain the temperature necessary to maintain superficial aggregates.

Bottom: Adherent ice aggregates entrapped in desiccated tissue folds.
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5.3 Donor Specific Trajectory of Decomposition

Table 5-3 presents donor biodemographics, placement, and collection data; this table is
presented in duplicate for ease of reference. Donor specific trajectory of decomposition from placement
to study terminus are presented in Tables 5-4 — 5-16 . Phases are defined by TBS range and reported

with associated ADD and PMI.
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Table 5-3: Biometric data, placement and maximum TBS, placement and recovery dates, and maximum ADD by Donor *indicates a donor is still located

in the outdoor facility, TBS Max reflects terminus of study period).

Donor Age  Sex Ancestry Height Weight  Autopsied Pre-Placement Placement Placement Collection Final  Final
ID {cm) (ke) PMI (Days) Date TBS Date TBS ADD'C
20-101 69 Male White 178 115.7 8 03/31/2020 3 11/5/2022* 26 6107
20-102 64 Male White 175 68.9 Yes 12 03/31/2020 5 11/5/2022* 26 6122
20-103 51 Male Black 180 84.4 23 05/28/2020 7 11/5/2022* 29 5767
20-104 75 Male White 188 74.8 3 06/10/2020 4 11/5/2022* 28 5523
20-105 89 Female White 150 40.8 5] 07/23/2020 7 8/22/2022 33 4201
20-106 64 Male White 173 74.8 Yes 11 07/25/2020 3 11/5/2022* 25 4832
20-107 53 Female White 160 72.6 Yes 9 08/28/2020 3 11/5/2022* 27 4237
21-101 55 Male White 175 70.3 Yes 17 01/07/2021 3 11/5/2022* 25 3929
21-102 65 Male White 185 83.5 14 01/07/2021 7 11/5/2022* 27 3916
21-104 73 Female White 178 111.1 2 08/22/2021 5 7/3/2022 31 1129
21-105 73 Male White 178 81.6 18 10/15/2021 3 7/3/2022 31 533
21-106 72 Male White 178 115.7 24 10/25/2021 3 11/5/2022* 31 401
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Table 5-4: Trajectory of decomposition - Donor 20-101

Donor TB20-101:

Placement Date: 03/31/2020; Placement TBS 3; Pre-placement PMI 8 Days; Pre-placement ADD 24 °C

TBS ADD/PMI Range  Observed changes
3-6 3-60 °C TBS 5 was not observed. Early maroon blush diffuse in face, neck, and
PMI 1-16 Days superior chest. diffuse discoloration in inguinal region. Circumscribed areas

of skin slippage with vibrant orange or maroon color change in underlying
tissue. Marbling commences in feet and advances to distal legs and
proximomedial thighs. All areas of marbling associated with maroon/rose
color change that begins to coalesce in feet with advancing PMI.

7-10 64-144 °C Marbling in feet/distal legs presents diffuse maroon/orange discoloration

PMI 17-39 Days

11-14 158 -358 C
PMI 40-60 Days

15-19 369 -886 C
PMI 61-99 Days

20-22 593-3001 °C
PMI 79-486 Days

and is coalescing into early stage diffuse color change. Pronounced fluid
bloat observed in feet; fluid bloat expansion observed with increase in
PMI. Longitudinal tissue removal observed in lateral aspect of right manual
digit Il (likely rodent). New marbling in right and left proximal arms. Flies
observed on and around the body.

TBS 11 was not observed. Color change becoming more pronounced in
face with circumscribed areas of vibrant maroon discoloration in the nose
and cheeks. Dramatic ‘stained glass’ tissue sloughing observed in face and
left distal leg, revealing second generation vibrant maroon/red color
change. Color change initiated in proximal arms, legs, and chest. Fluid
bloat observed in right and left hands. Maggot colonization of orbitals,
nares, and mouth. Small, focal area of moist decomposition in the face.
Scavenger defect in right and left medial feet.

TBS 19 was not observed. Color change diffuse in distal arms and legs and
advancing in proximal arms and legs. Lateral creep of color change in chest
toward right and left shoulders, focal color change in abdomen with later
stage bridging of discoloration across all body sections. Subdermal
adipocere formation with visible lipid cell expansion in the abdomen,
dermal plaque of adipocere formation on right and left lateral thorax and
posterolateral right thigh, and focal adipocere formation in the defect of
the left foot. Several areas of differential decomposition (dry tissue
presenting color change adjacent to fresh tissue). Prolific oral maggot
activity; small black beetles present on all body surfaces. Early-stage
abdominal bloat.

Overlap in ADD between body score groups due to score reversal
(environmental variables catalyzing the primary presentation of
characteristics associated with earlier TBS categories). Overall trend
toward homogenous color change; umber at midline, brown on periphery.
Pronounced inguinal and abdominal bloat. Peripheral moisture observed
in matrix around all body segments. Debris (pine needles, dirt, plant
matter) adhering to all body surfaces. Adipocere aggregates on right/left
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23-24

25-26

Terminus

2053 -3081 C
PMI 171-491 Days

3100-6107 °C
PMI 492-962 Days

TBS 25
PMI 957 Days
ADD 6107 °C

lateral thorax and posterolateral right thigh advanced in volume and in
distribution, new adipocere formation on the left posterolateral thigh. All
adipocere aggregates presented drying followed by crumbling and phasic
shedding as PMI progressed. Post-bloat collapse of the abdomen with
superficial drying of all dermal layers with retention of waxy, interstitial
adipocere quality.

Thorax presents umber discoloration with the introduction of pale-yellow
discoloration laterally, and in proximal legs. The presence of yellow
discoloration advances with ADD, first presenting as mottling in all body
sections, before homogenizing and advancing toward umber. All tissue
surfaces present an overall trend in drying with retention of interstitial
adipocere. Pronounced slope wash; aggregate dirt and tree duff is present
in all depressions. Two rodent burrow holes are present in the ground
between the thorax and the left arm. Phasic packrat and avian scavenging
of hands, feet, distal limbs, scrotum, cranium, and mandible is sufficient
for skeletal exposure in all affected areas with eventual loss of the right
distal manual phalanges.

Trend of discoloration progressing from pale yellow to homogeneous burnt
umber/pale brown. Tissue remains a mix of the two colors at the terminus
of the study period. Adipocere presents as diffuse waxy sheen as a result
of interstitial formation. The proximal thighs and lateral thorax present a
thin, dry, superficial film of adipocere that begins to flake with advancing
ADD. Packrat scavenging progresses in the left and right feet. Avian
scavenging is more pronounced, evident in bore holes in the abdomen and
proximal arms, with ribboning of desiccated tissue.

Donor TB20-101 remains in the research facility; ‘terminal’ data refers to
the data presented at the end of the study period.
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Table 5-5: Trajectory of decomposition - Donor 20-102

Donor TB20-102:

Placement Date: 03/31/2020; Placement TBS 5; Pre-placement PMI 12 Days; pre-placement ADD 37 °C

TBS ADD/PMI Range Observed changes
3-6 3-49°C TBS 3-4 were not observed. ‘Medical purge,” associated with all autopsy
PMI 1-16 Days incision sites (i.e. purging of fluids related to presence in thoracic cavity

and gravity as opposed to purge catalyzed by intra-lumen buildup of
gasses). Inferior abdomen presents green discoloration that rapidly fades
between post-placement days 2-4 (ADD 6-12 C). Head, neck, chest, arms
present diffuse pink blush.

7-10 47-87 °C TBS 7 was not observed. Faint marbling, distal legs and hands. Drying of

PMI 17-28 Days

11-14 81-173°C
PMI 29-45 Days

15-19 184-481 °C
PMI 46-65 Days

all edges (ears, lips, nose, distal fingers, and toes). Circumscribed areas of
orange discoloration in distal feet and legs. Maroon blush diffuse in head,
neck, chest; circumscribed areas of orange present on nose and cheeks.
Discoloration of head, neck, and chest advance to deep plum. Bloat in
abdomen and proximal legs catalyzes fluid purge from autopsy incision.
Hands and feet present orange/maroon ombre. Scavenging of tissue
along right inferior border of autopsy incision. Early fluid bloat in hands.

TBS 11 & 13 were not observed. Drying of fingers and toes sufficient to
define underlying skeletal elements. Hands and feet present deep
maroon/orange ombre. Fluid bloat in right hand becomes more
pronounced with increase in PMI. Adipocere formation in autopsy ‘Y’
incision. Scavenging of right/left borders of autopsy incision advance
superiorly and laterally. Facial discoloration advances to
plum/gray/maroon ombre; ombre advances to deep maroon of
peripheral head and diffuse orange blush on cheeks. Neck and chest
present deep maroon/plum ombre. Arms present diffuse maroon blush.
Scavenging progresses to the peeling of the thin tissue form the dorsum
of the right and left toes; color change of associated underlying tissue is
vibrant orange. Fly oviposition in ears and along borders of autopsy
incision. Tissue sloughing observed on peripheral face (all tissue surfaces
surrounding facial features) and lateral chest.

TBS 16 was not observed. Flies and environmental debris present on all
body surfaces. A prominent rodent game trail (a trail created by habitual
faunal use) travels to the left lower corner of cage, in the area of the feet.
Bulla formation, distal right and left legs (downslope). Autopsy sutures
release (unravel from tissue perforations), revealing sternal plate. Lipids
associated with sternal plate and incision borders present vibrant orange
color. Fluids present in the thorax display pronounced, active bubbling.
Face, neck, and chest retain deep diffuse plum discoloration, drying of
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20-22

23-24

25-26

384-2070°C
PMI 66-175 Days

608-2212 °C
PMI 84-442 Days

2226-6122 °C
PMI 443-962
Days

associated superficial tissue advances with PMI. Fluid bloat pronounced
in hands, feet, and distal legs, advances to include distal arms. Hands
present deep diffuse maroon discoloration that progresses up both arms
and begins to bridge with discoloration of the chest. Feet present
circumscribed areas of vibrant orange/maroon discoloration and
superficial drying, bordered by fresh tissue. Distal legs present diffuse
maroon/yellow ombre. Skin sloughing associated with peripheral face
and chest becomes increasingly active and pronounced until it becomes
prolific in face, chest, medial arms, and lateral thorax with advancing
PMI. Moist decomposition limited to inguinal region and tissue presents
deep vibrant orange that advances to rose/maroon. Tissue at ground-
body interface presents large diffuse areas of maroon color change.
General trend in differential decomposition, with areas of fresh but
discolored tissue retained, with adjacent superficial drying of large tissue
sections.

Overlap in ADD is due to several instances of score reversal
(environmental variables catalyzing the primary presentation of
characteristics associated with earlier TBS categories). Score reversal was
observed throughout TBS 20-22. Overall trend toward homogenous color
change in arms, chest, and shoulders; all associated tissue sections
present deep maroon discoloration. This trend advances to all body
sections with increase in PMI; circumscribed areas of
orange/maroon/rose mottling retained. Inguinal moist decomposition
persists and becomes more pronounced with advancing PMI. Beetles are
present on all body surfaces; all tissue surfaces present perforations post
beetle migration. Tissue presents pattern of circumscribed areas of
drying with underlying fluid pocket formation. Formation of adipocere in
open thorax advances with PMI. All tissue surfaces present trend toward
superficial drying. “Waxy cracking,’ (the mechanical stretching of tissue
revealing interstitial adipocere) is observed in the chest. Discoloration
advances to brown/umber in peripheral tissue, and pale yellow in face
and midline thorax.

Overlap in ADD is due to several instances of score reversal. Perforations
associated with beetle scavenging begin to coalesce into larger tissue
defects. Pronounced slope wash results in partial burial of right arm. All
depressions/body surfaces contain tree duff. Facial tissue has dry,
granular quality. Avian scavenging is prominent in face; extant coalesced
beetle defects are bridged by soft tissue removal. Bird scat present on all
body surfaces and characteristic tissue boring with concomitant tissue
ribboning present in arms and legs. All tissue surfaces present umber
discoloration with areas of longitudinal cracking associated with tissue
desiccation.

Chest presents advanced waxy cracking and legs present interstitial
adipocere sheen. New adipocere formation in inguinal region with
shedding of aggregates into soil between legs. Proliferative infill of tree
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Terminus TBS 26
PMI 962 Days
ADD 6122 °C

duff in thorax. Small scale skeletonization of face in areas of coalesced
beetle defects. Sternal plate separates from body and migrates
downslope. Distal phalanges removed from right hand and
skeletonization due to longitudinal tissue cracking advances up right arm.
New scavenging with ribboning present in right lateral thorax and right
dorsal aspect of foot. Avian scratching around periphery of body present
and distinct.

Donor TB20-102 remains in the research facility; ‘terminal’ data refers to
the data presented at the end of the study period.
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Table 5-6: Trajectory of decomposition - Donor 20-103

Donor TB20-103:

Placement Date: 05/28/2020; Placement TBS 7; Pre-placement 23 PMI; Pre-placement ADD 70 °C

TBS ADD/PMI Range  Observed changes

3-6 TBS 3-6 were not observed.

7-10 3-187°C TBS 9-10 were not observed. Red blush and plum discoloration of
PMI 1-31 Days facial tissue. Circumscribed areas of tissue discoloration present

11-14 204-397 °C
PMI 32-46 Days

15-19

20-22 410-886 °C
PMI 47-76 Days

postcranially, resulting in vibrant orange discoloration of affected
areas. Body trends toward diffuse purple blush with advancing PMI.
Early oviposition was eradicated by a rainstorm. Fluid bloat presents
in right and left hands.

TBS 11 & 14 were not observed. Body presents diffuse maroon tissue
discoloration interrupted by vivid orange blush in proximal legs. Color
change advances to deep plum discoloration of the head and neck,
diffuse vivid orange/maroon mottling in legs, while the arms,
shoulders, chest, hands, and feet present a vivid maroon/purple
discoloration. Moist decomposition is present and limited to the
inguinal region. Fluid bloat is present in the right and left feet and in
early stages in the shoulders and cranium (oriented downslope).
Pronounced differential decomposition results in tissue island
formation in the right and left legs. Early stage pseudoburial in right
axial region. Second generation of oviposition orally and inguinally.
Capillary marbling present in circumscribed areas of tissue loss and
vibrant orange discoloration. Pronounced abdominal bloat. Skin
slippage is pronounced in the feet and advances to diffuse slippage of
the epidermis and proliferation of migrating maggots at tissue
interface.

TBS 15-19 were not observed due to rapid progression into moist
decomposition.

TBS 20 was not observed due to rapid progression into moist
decomposition. Proliferative maggot activity oral/otic/optic, within
tissue interface, and at ground-body interface. Activity at ground-
body interface is sufficient to result in peripheral enzyme frothing.
Maggot migration leads to drying and sloughing of uplifted tissue,
resulting in tissue color change to diffuse maroon/orange ombre.
Tissue color change rapidly advances to brown/umber discoloration at
midline with peripheral tissue maintaining maroon discoloration.
Abdominal bloat remains prominent. Fluid bloat in hands and feet is
pronounced. Hands present circumscribed areas of interstitial
adipocere formation; trend advances to include all body surfaces
resulting in diffuse presentation of waxy adipocere sheen. A fluid
island characteristic of moist decomposition is evident in the soil
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23-24

25-29

Terminus

903-1532 °C
PMI 77- 353 Days

1534-5767 °C
PMI 354-915 Days

TBS 29
PMI 915 Days
ADD 5767 °C

beneath the head and shoulders and progresses to diffuse moist
decomposition and tissue collapse with increasing PMI.

TBS 23 was not observed. Overlap in ADD with TBS 21-22 is due to
‘score reversal’ following cyclical periods of moist decomposition,
rapid drying, and re-initiation of moist decomposition. Tissue
discoloration advances from midline umber/peripheral maroon to
diffuse umber. Circumscribed areas of dense interstitial adipocere
formation with lipid expansion observed in abdomen. Superficial
adipocere aggregate in the abdominal depression contains entrapped
maggots. Interstitial adipocere formation presents diffusely. Right and
left lateral cranium present superficial adipocere aggregates that dry
and flake with advancing PMI. Superficial drying of tissue results in
‘waxy cracking,’ as mechanical separation of tissue stresses and
stretches interstitial adipocere. Pseudoburial advances with PMI,
resulting in complete burial of right and left arms, buildup of matrix
and rock in the right and left axillary regions, and matrix infill of
exposed areas of the head, neck, and abdomen. Heavy coverage of
the thorax and legs by excavated matrix following animal
burrowing/soil scratching. This begins a persistent cycle of superficial
coverage of body surfaces by excavated matrix, rain, transformation
of matrix into mud, drying, introduction of new matrix, etc. resulting
in slow burial of exposed body surfaces. Avian scavenging and tissue
removal result in skeletal exposure of the right lateral mandible and
partial exposure of the cervical vertebrae. Rodent burrow under
thorax and magpie and packrat tracks evident in snow.

TBS 28 was not observed. Avian boring in the thorax creates
circumscribed defects that coalesce over time, resulting in skeletal
exposure of vertebrae and iliac blades. Waxy stretching and cracking
diffuse in abdomen. Diffuse umber discoloration in tissue progresses
to diffuse pale yellow. Peripheral pseudoburial pronounced; cyclical
pattern of moisture introduction, drying of matrices, and
incorporation of loose rock results in concrete like structure. New
rodent burrow under right shoulder with concomitant scavenging of
the right hand resulting in skeletal exposure of the distal phalanges.
Longitudinal tissue loss in the right and left legs due to avian
scavenging. Unidentified canid scavenger causes appreciable
disturbance, including disarticulation and displacement of right arm,
displacement of left arm, right leg, and left leg, and removal of the
distal foot. Disturbance of overlying tissue results in several areas of
new skeletal exposure.

Donor TB20-103 remains in the research facility; ‘terminal’ data refers
to the data presented at the end of the study period.
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Table 5-7: Trajectory of decomposition - Donor 20-104

Donor TB20-104:

Placement Date: 06/10/2020; Placement TBS 4; Pre-placement PMI 3 Days; pre-placement ADD 9 °C

TBS ADD/PMI Range  Observed Changes
3-6 3-79°C TBS 3 & 6 were not observed. Flies present. Face and scrotum present
PMI 1-8 Days early maroon discoloration. Distal legs present early maroon/orange
ombre.
7-10 97-210°C TBS 7 & 9 did not present. Orange blush entering face and integrating
PMI 9-17 Days with maroon to create early orange/maroon ombre that becomes

11-14 224-626 °C
PMI 18-42 Days

15-19 316-725°C
PMI 24-48 Days

more pronounced with progression of PMI. Circumscribed areas of
vibrant orange in nose and cheeks. Deep purple blush observed in
(downslope) superior face with concomitant purple racooning of
periorbital tissue and fluid bloat of head and shoulders. Orange blush
entering hands and feet and distal arms and legs. Chest presents
diffuse maroon discoloration. Oral/nasal/optic colonization by early
instar maggot larvae.

TBS 11-12 were not observed. Skin sloughing in face resulting in
second generation purple discoloration; cheeks present vibrant
orange. Orange blush extends from hands to distal arms trends toward
orange/maroon ombre with advancing PMI. Circumscribed areas of
vibrant orange in areas of tissue drying on abdomen. Tissue sloughing
resulting in second generation vibrant orange discoloration in left
thigh. Fluid bloat persists in head and neck. Tissue island
formation/differential decomposition present in shoulders. Diffuse
areas of skin slippage containing migrating maggots. Marbling present
in neck/superior chest/shoulders, proximal arms, and proximal thighs.
Pronounced abdominal bloat and inguinal moist decomposition.

TBS 15 & 19 were not observed. Score reversal observed between TBS
17-18 and 14-16. Superior face diffuse plum, inferior face diffuse
orange. Chest retains marbling with circumscribed areas of tissue
drying and maroon discoloration. Distal legs present
maroon/orange/fresh tissue ombre, while proximal left leg presents
diffuse orange. Focal orange discoloration in abdomen. Arms present
diffuse maroon/rose blush with vibrant orange/maroon ombre in
hands. Skin slippage and bulla formation in right leg. Inguinal moist
decomposition. Rapid trend toward diffuse orange discoloration in
lateral chest, abdomen, inguinal region, and proximal legs with
advancing PMI. Interstitial adipocere formation characterized by
visible cell expansion present in abdomen and left thigh. Heavy
maggot mass colonization at the ground-body interface. Skin slippage
in proximal arms. Inguinal moist decomposition and abdominal bloat
persist.
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20-22

23-24

25-28

Terminus

739-1143°C
PMI 49-73 Days

1107-1952 °C
PMI 71-172 Days

1944-5523 °C
PMI 173-882
Days

TBS 28
PMI 882
ADD 5523 °C

TBS 20 was not observed. Diffuse postcranial vibrant orange tissue
discoloration, all body surfaces with circumscribed areas of
rose/maroon/brown. Second generation of skin slippage and moist
decomp in inguinal region. Face and neck present deep plum
discoloration. Definition of interstitial lipid cell expansion in abdomen
increases with advancing PMI. Lateral drying of thorax with pockets of
interstitial adipocere formation. Thoracic bloat begins to collapse.
Diffuse drying of superficial tissue with retention of interstitial
adipocere sheen. Avian scavenging right distal arm. Black marbling
remains prominent in chest and moist decomposition remains
prominent in, but limited to, the inguinal region.

Maroon/orange ombre presents in distal limbs. Trend advances to
dark brown/black discoloration in peripheral limbs and
maroon/orange ombre in thorax/inguinal region/proximal thighs. Skin
sloughing in face reveals second generation maroon discoloration.
Adipocere shedding, aggregates present in surrounding soil. Slope
wash initiated in axillary region and advances in depth with increasing
PMI. Scavenging of scrotum, right lateral face, and right lateral thorax
characterized by peeling of superficial tissue. Marked post bloat
collapse of abdomen. Drying of superficial tissue with maintenance of
waxy interstitial adipocere sheen.

Color change following snow melt presents as diffuse yellow/umber
ombre that progresses to homogenous umber, then light brown with
increasing PMI. Tissue characterized by waxy interstitial adipocere
sheen. Sheen diminishes with increasing PMI, resulting in desiccation
with circumscribed areas of interstitial adipocere retention. Slope
wash increasingly prominent with heavy peripheral buildup of
solidified mud and infiltration of all downslope defects by mud and
soil. Surface adhesions (plant and dirt) present on all body surfaces.
Scavenger tunneling under body with displacement of dirt. Facial
scavenging advances to include right lateral neck. Tissue peeled from
plantar surfaces of feet; removal is sufficient for skeletal exposure.
Late PMI drying and longitudinal cracking of desiccated tissue.

Donor TB20-104 remains in the research facility; ‘terminal’ data refers
to the data presented at the end of the study period.
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Table 5-8: Trajectory of decomposition - Donor 20-105

Donor TB20-105:

Placement Date: 07/23/2020; Placement TBS 7; Pre-placement ADD 6 Days; Pre-placement ADD 18 C

TBS ADD/PMI Range Observed Changes
3-6 TBS 3-6 were not observed.
7-10 3-154°C TBS 8-9 were not observed. Green discoloration of abdomen at
PMI 1-15 Days placement. Early skin slippage in distal arms revealing circumscribed

11-14 169 -200 °C
PMI 16-18 Days

15-19 217-271°C
PMI 19-22 Days

20-22 681-695 °C
PMI 46-47 Days

23-24 290-380 °C
PMI 23-28 Days

areas of vibrant orange discoloration. Face, chest, distal arms and legs
present early orange/maroon blush.

TBS 12-14 were not observed. Orange discoloration forming in cheeks;
nose presents maroon/purple discoloration. Face, neck, chest, and arms
advance to diffuse maroon discoloration. Breasts, chest, superior cranio-
facial region, inguinal region, and adjacent proximal thighs present
maroon/orange ombre. Abdomen retains fresh tissue quality;
circumscribed areas of green discoloration are retained. Adipocere
formation on lateral cranium and neck. Heavy avian scavenging
characterized by removal of eyes, tongue pulled from mouth, tissue
removal from lateral neck, and proximal arms and legs sufficient to result
in partial skeletonization with advancing PMI. Tissue loss is juxtaposed
by adjacent fresh tissue. Skin sloughing in face and breasts results in
second generation vibrant orange color change. Tissue islands present in
right arm and abdomen with adjacent circumscribed areas of drying,
tissue tension, and color change.

TBS 16, 18 & 19 were not observed due to scavenger activity.

TBS 20-21 were not observed due to scavenger activity. Slight transient
abdominal bloat. Peripheral moisture in soil, no moist decomposition
observed on tissue surfaces. Tissue islands in abdomen and right arm
increase in prominence and tissue retains fresh quality. New avian bore
holes in abdomen, face, and legs. Several juxtaposed areas of tissue
discoloration: arms deep maroon, abdomen mottled brown, lateral
thorax and distal legs orange, inguinal region advances to plum, and
proximal thighs present maroon/orange ombre. Tissue sloughing
observed in face. Avian scat present on all body surfaces and tissue
removal has advanced to chest and proximal arms.

Juxtaposed areas of postcranial tissue discoloration rapidly evolve to
diffuse maroon/umber. Third generation tissue sloughing on
forehead/superolateral cranium resulting in color change of the frontal
and temporal regions from umber to maroon/orange ombre. Avian bore
holes increasing in size and magnitude across all body sections. Removal
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25-28

29-33

Terminus

399-752 °C
PMI 29-301 Days

763-4201 °C
PMI 302-767
Days

TBS 33
PMI 767 Days
ADD 4201 °C

of tissue from the head/neck is sufficient to result in exposure of the
mandible. Skeletal exposure following tissue peeling from distal legs
reveals maroon/orange discoloration of right and left tibiae and fibulae.

Pronounced pseudoburial of arms and shoulder following heavy rain
with concomitant adhesion of environmental debris. Mud and rodent
scat aggregate in the abdomen. Packrat burrowing evident in matrix to
the right of the thorax with subsequent migration and construction of a
nest within the right shoulder. Nest construction results in the
displacement of associated ribs. Tissue loss is observed in the
metatarsals and pedal phalanges. Avian scratching in the peripheral soil
gives the false appearance of peripheral moisture. Temporally associated
loss of vibrant maroon discoloration in periosteum of tibiae and fibulae
and associated connective tissue; color transitions from maroon to ivory.
Drying and cracking of exposed ribs and costal cartilage is observed with
contemporaneous sloughing of the cranial periosteum and bleaching of
the exposed mandible. Appreciable increase in scavenging as winter
approaches.

Remaining tissue presents pale yellow/umber discoloration. With the
exception of the abdominal region, all body sections present complete
skeletonization. Exposed bone begins to bleach and present early signs
of longitudinal cracking. At ADD 18084.26 tissue loss is sufficient for the
cranium to separate from the post-cranium and roll downslope.
Movement is impeded by the base of the cage. Scavenging and
bioturbation results in the removal and displacement of the right arm to
the left side of the body with concomitant displacement of the cervical
vertebrae. Trabecular mining is pronounced in the distal femora.

Due to the extent of skeletal drying and scavenging, Donor TB20-105 is
removed from the facility for maceration and skeletal curation.
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Table 5-9: Trajectory of decomposition - Donor 20-106

Donor TB20-106:

Placement Date: 07/25/2020; Placement TBS 3; Pre-placement PMI 11 Days; Pre-placement ADD 34 T

TBS ADD/PMI Range Observed Changes
3-6 3-135°C TBS 4 & 6 were not observed. Donor is autopsied. Medical purge at
PMI 1-18 Days placement. Circumscribed areas of maroon, and maroon/orange ombre
tissue discoloration; dura exposed by removal of calotte at autopsy
presents maroon discoloration. Left eye presents periocular
maroon/orange color change. Fly spatter all body surfaces.
7-10 150-181 °C TBS 7-8 & 10 were not observed. Differential decomposition/tissue

PMI 19-21 Days

11-14 198-198 °C
PMI 22 Days

15-19 216-271°C
PMI 23-26 Days

20-22 288-676 °C
PMI 27-50 Days

tension observed at circumscribed areas of color change. Flies present
on all body surfaces.

TBS 12-14 were not observed. Diffuse orange/maroon ombre
discoloration in hands, feet, and distal arms. Face, neck, and chest
present diffuse maroon/plum discoloration. Tissue island
formation/differential decomposition in proximal thighs. Heavy, diffuse,
first instar maggot colonization involving oral/otic/optic, axillary, and
inguinal regions, within autopsy incised thorax, and at ground-body
interface. Skin slippage in right/left hands, left distal arm, and inguinally.
Environmentally mediated pseudoburial (pinecones, pine needles, pine
seed casings, and dirt) characterized by adherence to all exposed
visceral/lipid/moisture dense surfaces and infill of anatomical
depressions.

TBS 15-18 were not observed. Rapid termination of maggot activity
following heavy thunderstorms. Inguinal bloat. Peripheral (head/neck,
arms, inguinal region, distal legs) color change primarily vibrant orange.
Midline face retains plum/brown color. Viscera displaced from thorax
and partially consumed by avian scavengers. Tissue discoloration vibrant
maroon at ground-body interface. Talon stamping in left proximal arm.
Moist decomposition in neck, shoulders, and thorax.

TBS 20 was not observed. Soil wet due to rain with retention of moisture
in thorax and rehydration of all tissue giving the impression of moist
decomposition. Tissue discoloration in legs presents vibrant
orange/maroon/rose/plum mottling; arms present yellow/orange/brown
mottling. Face presents peripheral orange discoloration and plum/umber
mottling at midline. Subdermal adipocere aggregates of varying size and
density in proximal legs and inguinal region. Interstitial adipocere
formation in early stages of drying characterized by pliable waxy
desiccation with collapse of underlying tissue. Several beetle species are
present on tissue surfaces. Avian scavenging results in ribboning of tissue
in lateral thorax and movement of the autopsy incised sternal plate
down slope.
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23-24

25-28

Terminus

380-1182°C
PMI 32-94 Days

1190-4831°C
PMI 95-845 Days

TBS 25
PMI 845 Days
ADD 4832 °C

Tissue discoloration characterized by orange at midline, periphery
advancing toward plum/black ombre; general trend toward diffuse
umber with advancing PMI. General trend in tissue collapse persists,
especially in proximal thighs. Spiderweb cracking (shattered glass
appearance) and skin sloughing observed in several body surfaces.
Further movement of calotte and sternal plate downslope. Extensive
thoracic infill of environmental debris and adhesion to all body surfaces.
New generation of avian scavenging, characterized by introduction of
new bore holes, reflection of thoracic tissue, displacement of ribs, and
removal of desiccated costal cartilage. Peripheral soil burrowing and
scratching gives the false appearance of peripheral moist decomposition.
Heavy rainstorms result in hygroscopic rehydration of tissue, reviving
moist, waxy desiccation and catalyzing score reversal. Feet present
moisture bloat that advances to deep adipocere formation in the plantar
surfaces.

Tissue discoloration advances to diffuse umber with the introduction of
circumscribed areas of pale yellow with advancing PMI. Perforation of
facial tissue likely resulting from beetle scavenging. Renewal of avian
scavenging of the thorax following snowmelt. Tissue removal consistent
with packrat behavior, including complete tissue removal from plantar
surfaces of the feet, and layered peeling of the right arm and right lateral
cranium observed into the spring. Soil excavation around and under the
hands (potentially resulting from scavenger excavation, slope wash, or
both) result in a pedestaled appearance. Pronounced skeletal
taphonomy (categorized as subaerial weathering), including bleaching of
all areas of exposed bone, and delamination of os coxa, and pleural ribs,
begins and advances with PMI throughout this period.

Donor TB20-106 remains in the research facility; ‘terminal’ data refers to
the data presented at the end of the study period.
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Table 5-10: Trajectory of decomposition - Donor 20-107

Donor TB20-107:

Placement Date: 08/28/2020; Placement TBS 3; Pre-placement PMI 9; Pre-placement ADD 28 C

TBS ADD/PMI Range Observed Changes
3-6 3-43°C TBS 4 & 6 were not observed. Autopsied and tissue donor (abdomen
PMI 1-11 Days and legs), resulting in exposure of subdural lipid dense tissue layer.
Early vibrant orange blush in face. Trend in progressive orange
discoloration in exposed lipid dense tissue layer introduced.
7-10 56 -98 °C TBS 7-9 were not observed. Early color change characterized by

PMI 12-15 Days

11-14 116 -183°C
PMI 16-22 Days

15-19 187-270°C
PMI 23-30 Days

circumscribed areas of orange in face, distal arms, and inguinally.
Circumscribed areas of color change become more vibrant with
advancing PMI until face and distal arms present almost diffusely
orange. New circumscribed areas of orange color change in abdomen
and chest. Eyes removed by avian scavengers and an attempt to
scavenge desiccated lips results in anterior extension and
displacement. Avian scratching of chest and shoulders, and bore
holes introduced to the inguinal region. Flies present; no visible
oviposition.

TBS 14 was not observed. Orange/maroon present on all body
surfaces in circumscribed and coalescing areas. Deep maroon
exposed following proliferative tissue sloughing in the shoulders. Face
diffusely orange/maroon; all areas of orange/red/maroon beginning
to coalesce. Tissue presents deep purple/maroon discoloration at
ground body interface. Presentation of tissue islands persists.
Discoloration in exposed lipid layer advances from orange to
maroon/rose and begins to dry and crack. Early tissue island
formation/differential decomposition presents in right and left arms.
Faint marbling in left shoulder and inguinal bloat observed.

TBS 15 & 18 were not observed. Face quickly fading from orange to
yellow/orange at periphery, and maroon at midline that radiates into
neck and chest. The abdomen and limbs predominantly present
mottled orange discoloration. This trend progresses with PMI toward
facial discoloration characterized by peripheral orange, plum/gray at
midline that radiates into neck and chest. The breasts and abdomen
become homogenously orange, and the limbs present
gray/plum/maroon mottling. Subdermal adipocere motivated
expansion of lipid cells are visible in the hands, and right and left
lateral hips. Superficial tissue presents waxy, pliable characteristics of
interstitial adipocere formation. Abdominal and facial tissue present
early drying and collapse. Autopsy sutures released (thread unraveled
from tissue perforations) following avian scavenging of left arm and
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20-22

23-24

282-376 °C
PMI 31-38 Days

391-377°C
PMI 39-138 Days

lateral chest, compromising the organ bag, and resulting in the
release of organs within. Viscera removed from autopsy bag and
strewn across thorax throughout the process of consumption. Organ
and tissue scavenging persists throughout this window. Moist
decomposition present in abdomen, especially in areas of medically
mediated dermal removal, and scavenging. Marked reduction in
tissue islands with advancing PMI as tissue collapses and the
superficial epidermis begins to dry.

TBS 21 was not observed. Facial discoloration progresses to diffuse
umber with retention of small surface area residual orange in cheeks.
Tissue above breasts diffusely gray/plum that radiates into
maroon/orange ombre in inferior thorax. Adherent debris on all body
surfaces. Second compromise of organ bag via defects introduced by
avian scavenging in the left shoulder results in removal of additional
organs. Boring and muscle mining of the left proximal arm sufficient
to result in early skeletal exposure. Moist decomposition in abdomen
and arms with moisture visible in surrounding soil. Pronounced
collapse of facial tissue. General trend in superficial drying of all
tissue surfaces, characterized by interstitial waxy desiccation.

TBS 23 was not observed. Facial discoloration progresses to diffuse
umber. Diffuse gray/plum tissue discoloration in chest radiates into
abdomen, which presents first as maroon/plum with residual orange,
then gray/plum, then umber as PMI advances. Feet advance from
deep orange to orange/maroon with capillary marbling. Deep
purple/maroon discoloration maintained at ground body interface.
Heavy dirt aggregates adhere to all tissue surfaces, obfuscating and
homogenizing tissue discoloration, which appears to trend toward
diffuse umber. Muddy aggregates and film are removed during a
thunderstorm, revealing vibrant maroon/plum discoloration. General
trend in tissue collapse and waxy desiccation; head and neck present
loss of waxy character and advance toward dry desiccation.
Subdermal adipocere aggregates visible in upper thigh and lower
abdomen. Feet and abdomen retain tissue density with waxy
interstitial adipocere characteristics. Bore holes and ribboning
introduced to the right and left lateral thorax, and proximal legs.
Longitudinal tissue removal in distal left arm sufficient to result in
skeletal exposure that encompasses the metacarpals and progresses
proximally with advancing PMI. Tissue peeling consistent with packrat
scavenging sequentially presents in the pedal phalanges, the plantar
surface of the left foot sufficient to result in skeletal exposure, the
volar surface of the right hand, the left maxilla and mandible first,
followed by the right mandible. Packrat scavenging is followed by
renewed interest among avian scavengers, resulting in the
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25-28

Terminus

372-4237°C
PMI 139-809 Days

TBS 27
PMI 809 Days
ADD 4237 °C

introduction of new bore holes to the neck, arms, and inguinal
region.

Post snowmelt, tissue discoloration is diffusely brown/umber.
Exposed post-cranial bone presents ivory color and greasy character
consistent with fresh bone. Craniofacial areas of skeletal exposure
present bleaching and hairline cracking. Remaining tissue retains
waxy, pliable characteristics of interstitial adipocere formation.
Longitudinal sloughing of facial tissue promotes increased skeletal
exposure with advancement of PMI. Persistent avian scavenging of
the thorax is sufficient to result in exposure of the anterior parietal
rib surfaces. The introduction of bore holes persists within the
increasing paucity of structurally sound tissue. Beetle larvae present
on the exposed bones of the right foot.

Donor TB20-107 remains in the research facility; ‘terminal’ data refers
to the data presented at the end of the study period.
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Table 5-11: Trajectory of decomposition, Donor 21-101

Donor TB21-101:

Placement Date: 01/07/2021; Placement TBS 3; Pre-placement ADD 17 Days; Pre-placement ADD 52 C

TBS ADD/PMI Range

Observed Changes

3-6

7-10 3-1°C
PMI 1-23 Days

11-14 "0.78-°360 °C
PMI 24-101 Days

15-19 "356-32°C
PMI 102-165
Days

TBS 3-6 were not observed.

TBS 8-9 were not observed. Tattoos present of right and left
proximolateral arms and left proximal leg. Donor placed on
approximately 12” of snow. Face presents early maroon blush that
radiates into deep pink/maroon blush in neck, superior chest, proximal
arms, and lateral thorax. A circumscribed area of orange tissue
discoloration interrupts color continuity in the right lateral chest.

TBS 12-14 were not observed. Data collection is limited by the temporal
increase in snow overburden. Maroon tissue discoloration deepens and
becomes more diffuse. Pink marbling is present in the lateral thorax.
Rodent scavenging is evident in tissue removal from the fingertips of the
right hand.

TBS 15-16 and 18 were not observed. The face and neck present
maroon tissue discoloration that radiates into the chest and shoulders.
The abdomen presents appreciable avian scratching, the defects of
which are associated with maroon and orange tissue discoloration.
Tissue sloughing associated with advancing PMI results in subsequent
second-generation maroon/orange color change in the chest and
abdomen. The distal arms and legs present diffuse deep maroon
discoloration that radiates into maroon/pink discoloration in the
proximal arms and legs. Subsequent maroon/plum/black color change in
distal limbs, and deep maroon/plum in proximal limbs is associated with
progressing PMI. Moderate abdominal bloat, and moist decomposition
limited to the inguinal region. Drying of the superficial dermis shares a
temporal relationship with advancing PMI but overall tissue quality
retains pliable waxy sheen characteristic of interstitial adipocere
formation. A prominent adipocere aggregate forms on the left lateral
thorax and phasically dries and flakes into the surrounding environment.
Tissue island formation/differential decomposition presents in the legs
and abdomen. Tissue islands evolve into subdermal adipocere
aggregates as overlying superficial tissue dries and is characterized by
waxy desiccation. Scavenging consistent with packrat peeling is
introduced to the left lateral face and neck and is sufficient to result in
skeletal exposure.
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20-22

23-24

25-28

"356-367C
PMI 166-184
Days

391-1354°C
PMI 185-246
Days

1372-3929°C
PMI 247-685
Days

TBS 21 was not observed. Third generation prolific shattered glass skin
sloughing reveals diffuse deep maroon/plum tissue discoloration
interrupted by maroon/rose/orange discoloration in the superior
abdomen. The lateral thighs present faint marbling. Moderate bloat is
maintained with superficial drying of abdominal tissue. Superficial tissue
drying in the legs is interrupted by the retention of tissue with fresh
quality in the knees. Subdermal adipocere aggregates persist in left
lateral abdomen, proximal legs, and inguinal region. Formation of a
broad, superficial adipocere plaque on the right lateral thigh is
attendant to escalating inguinal moist decomposition. Avian scavenging
characterized by tissue ribboning promotes skeletal exposure in the
neck.

TBS 24 was not observed. Face and all limbs deep plum, midline thorax
presents mottled orange/yellow/maroon tissue discoloration. A general
trend in homogenous, whole-body plum/brown discoloration follows,
and evolves into peripheral brown and centrally umber discoloration. All
tissue maintains pliable, waxy quality with adherence of surface debris.
Inguinal moist decomposition evolves to include the proximal limbs and
thorax, characterized by heavy surface and ground moisture followed by
phasic reduction and termination with advancing PMI. Bloat with drying
of overlying abdominal tissue begins to collapse. Structure provided by
partially desiccated abdominal tissue results in a transverse linear
depression bisecting the abdomen that serves to collect water and
attract fruit flies. Post moist decomposition, tissue surfaces cyclically
present surface moisture introduced by seasonal rainstorms, which
serve to rehydrate tissue and maintain waxy, pliable, interstitial
adipocere quality. Black beetle larvae colonization follows periods of
punctuated moisture introduction. Larval scavenging results in small but
widely dispersed circumscribed and coalesced tissue punctures that
serve to collectively undermine structural integrity over time, resulting
in small scale skeletal exposure. Craniofacial tissue desiccation and
sloughing result in separation of mandibular and maxillary tissue and
bone, resulting in skeletal exposure and loss of attendant mustache and
beard. Exposed bone retains a fresh, ivory colored, greasy quality
throughout this period.

Tissue surfaces are diffusely umber. Tattoos remain visible. Tissue
characterized by waxy desiccation interrupted by areas of desiccation.
Surface aggregates of matrix and environmental debris, and peripheral
foliage overgrowth serve to camouflage the body in the environment.
Scavenging characterized by tissue peeling and consistent with packrat
behavior is initiated in the left plantar foot and left palmar hand.
Exposed skeletal elements begin to bleach and small-scale delamination
present in facial bone.
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Terminus TBS 25 Donor TB21-101 remains in the research facility; ‘terminal’ data refers to
PMI 685 Days the data presented at the end of the study period.
ADD 3929 °C
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Table 5-12: Trajectory of decomposition - Donor 21-102

Donor TB21-102:

Placement Date: 01/07/2021; Placement TBS 7; Pre-placement PMI 14 Days: Pre-placement ADD 43 C

TBS ADD/PMI Range

Observed Changes

3-6 3-317°C
PMI 1-119 Days

7-10

11-14

15-19 -315-680 °C
PMI 120-201
Days

TBS 3-4 were not observed. Donor TB21-102 placed on approximately
12” of snow. Neck and chest present cardiac mottling. Chest presents
orange blush down midline. Large defect (etiology unknown) on right
lateral neck presents rose/maroon discoloration that advances to
vibrant maroon and underlying capillary marbling with advancing PMI.
Distal right and left arms and legs present pink blush. Faint marbling in
lateral thighs.

TBS 7-10 were not observed due to snow overburden.
TBS 11-14 were not observed due to snow overburden.

TBS 15-16 were not observed due to snow overburden. The face and
neck present several iterations of change throughout this phase
associated with increasing PMI. Initially the face presents
maroon/orange ombre, neck trends toward deep plum discoloration,
ears are deep plum with circumscribed areas of vibrant maroon
discoloration. The head trends toward homogeneity in discoloration,
the face progresses toward brown/umber with peripheral maroon that
darkens to deep plum before evolving into diffuse umber with pale
green undertones. Chest presents circumscribed areas of
maroon/orange mottling that begins to coalesce into homogenous
orange and markedly increase in vibrancy with advancing PMI.
Abdomen retains overall fresh tissue quality with circumscribed areas of
maroon/orange discoloration associated with avian scratching;
circumscribed discoloration coalesces over time, resulting in
orange/maroon ombre. A bridge of fresh tissue separates discoloration
in the chest and abdomen. Hands and feet present orange blush that
evolves into diffuse vibrant maroon; distal arms and legs present
vibrant maroon/rose ombre that evolves into homogenous deep
maroon discoloration distally, with proximal radiations of maroon
mottling. The distal arms and legs, hands and feet trend toward deep
plum discoloration and prolific skin sloughing with increasing PMI.
Proximal arms and legs trend toward maroon/orange discoloration but
retain areas of tissue with fresh quality. Discoloration in the proximal
arms bridges with the shoulders/chest. Discoloration in the proximal
legs bridge with discoloration in the inguinal region and abdomen to
present homogenous vibrant maroon discoloration with undertones of
vibrant orange. Prolific tissue sloughing resulting in diffuse color change
is associated with advanced PMI. The peripheral body sections (neck,
limbs, and lateral thorax) present diffuse plum discoloration that
radiates into maroon proximally. The midline (thoracic and inguinal)
regions present a vibrant red orange ombre. Subdermal adipocere
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20-22

23-24

691 -1270°C
PMI202-237
Days

391-2797°C
PMI 238-577
Days

aggregates of various size and density observed in right arm and left
chest. Tissue at ground-body interface is characterized by the
maintenance of a fresh quality with faint yellow discoloration. A
progression toward maroon blush and subdermal adipocere formation
is observed at the phasic interface. Fluid bloat in right and left feet.
Tissue removal characterized by small areas of peeling is observed in tip
of the nose, left lateral cranium, right anterior surface of the distal
manual phalanges, and left dorsal surface of the distal pedal phalanges.
The superior half of the left ear is removed. Prolific avian scratching is
observed on all body surfaces. Early moist decomposition is limited to
the inguinal region. Flies are present and initial oviposition is observed
in the inguinal region, and in areas of fluid runoff at the ground-body
interface. The face presents early phase drying and granular exfoliation.

Facial tissue retains diffuse umber discoloration; tissue is dry and
granular. Postcranial tissue discoloration retains previous phase’s
iteration. Peripheral body sections (neck, limbs, and lateral thorax)
present diffuse plum discoloration that radiates into maroon proximally,
the midline (thoracic and inguinal) regions present maroon/ vibrant
orange ombre. Peripheral tissue discoloration trends toward the
introduction of brown with advancing PMI. Colors remain brightest and
most vibrant at skeletal prominences. Tissue collapse in all body
sections but retains waxy, pliable characteristics of interstitial adipocere
formation. Moist decomposition persists but remains limited to the
inguinal region. Heavy colonization of large black beetle larvae creates
the illusion of moist decomposition as a byproduct of enzyme induced
tissue dissolution. Active larvae of various instars are present on all
body surfaces; primary colonization is at the ground-body interface with
a heavy aggregate on the ground directly associated with the groin
area. Heavy moisture is present in the peripheral matrix which dries
with advancing PMI and sudden, rapid migration of larvae. Perforations
are present in all tissue surfaces following beetle migration. Avian
scavenging resumes during larval colonization, resulting in longitudinal
tissue removal from the left arm with characteristic ribboning. Body
surfaces present more 'traditional' moist decomposition with increasing
PMI, characterized by the weeping of moisture from tissue on all body
surfaces.

TBS 23 was not observed. Tissue discoloration is diffusely brown/umber
following overwintering. Adipocere aggregates present superficially
following rehydration by snow. Scavenger induced tissue defects reveal
subdermal adipocere in the left arm. General anterior displacement of
the body is observed following snowmelt, resulting in anterior flexion of
the cervical vertebrae, aerial orientation of the craniofacial region, and
displacement of the posterocranium approximately 17 cm above
ground level. A resurgence of avian scavenging results in tissue loss in
the right and left arms, and anterolateral thorax sufficient to result in
skeletal exposure of the anterior parietal rib surfaces. Tissue
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25-28

Terminus

2813-3929 °C
PMI 578-681
Days

TBS 27
PMI 681 Days
ADD 3916 °C

perforations introduced throughout beetle scavenging begin to
coalesce, resulting in ‘peekaboo’ exposure of facial skeletal elements.
All tissue presents early desiccation but remains primarily characterized
by waxy desiccation.

TBS 25 was not observed. Retention of superficial adipocere plagues on
all body sections. Face and shoulders retain waxy moisture with active
weeping of lipids; posterior cranium presents appreciable drying of
tissue. Substantial infiltration of dirt and environmental debris visible in
thoracic cavity and weeping of lipids results in superficial aggregates of
matrix adherence. Thoracic scavenging persists, resulting in progressive
exposure of the anterolateral ribs. Exposed ribs present bleaching and
cracking with increasing PMI. New areas of scavenging are introduced
to the left hand and foot, characterized by tissue peeling sufficient to
result in almost complete skeletal exposure, with no associated skeletal
loss. The underlying bone and periosteum present maroon/rose
discoloration. A third wave of focused avian scavenging results in
substantial loss of inguinal tissue sufficient for exposure of the
ischiopubic rami, and longitudinal tissue loss and skeletal exposure in
the right and left proximomedial legs, and in the left distal leg.
Remaining soft tissue is desiccated, but overall, pliability is retained and
continues to present areas of lipid weeping.

Donor TB21-102 remains in the research facility; ‘terminal’ data refers
to the data presented at the end of the study period.
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Table 5-13: Trajectory of decomposition - Donor 21-104

Donor TB21-104:

Placement Date: 08/22/2021; Placement TBS 5; Pre-placement PMI 2 Days; Pre-placement ADD 6 C

TBS ADD/PMI Range Observed Changes
3-6 3-145°C TBS 5-6 were not observed. Face presents early orange blush; arms,
PMI 1-13 Days legs, and abdomen present widely distributed circumscribed areas of
yellow/orange color change. Ants heavily colonize the face and
concomitantly produce circular abraded defects in the face and
proximal arms.
7-10 160-233°C TBS 7-8 were not observed. Facial discoloration trends toward diffuse

PMI 14-19 Days

11-14 248 - 375 °C
PMI 20-28 Days

15-19 388 -644 °C
PMI 29-54 Days

orange but is interrupted by umber discoloration at midline. Distal
arms and legs present diffuse orange discoloration; chest and
abdomen present early orange blush. Faint marbling is visible in
proximomedial legs and distal arms.

TBS 12-13 were not observed. Discoloration in face, neck, and chest
coalesce into diffuse vibrant orange; maroon/rose mottling is
introduced to the chest with advancing PMI. Abdomen presents
mottling of fresh tissue and early orange blush. Hands present
diffuse maroon discoloration, while arms initially present diffuse
orange interrupted by circumscribed areas of brown discoloration.
Maroon/rose discoloration in hands progressively radiates into distal
arms with advancing PMI, diffuse orange discoloration is retained in
proximal arms. Legs present diffuse rose blush. Periorbital tissue
presents subdermal moisture pooling while ears, nose, fingers, toes,
and all other membranous regions present drying of edges. Avian
scat is widely and heavily distributed with subsequent removal of the
eyes. Flies are present; no discernable oviposition.

TBS 17-19 were not observed. General collapse of tissue in face and
neck, accentuating underlying skeletal structures. Face and neck
present an amalgam of color change characterized by purple
discoloration of midline face, peripheral vibrant orange, maroon in
the chin and temples, and maroon/orange/yellow mottling in the
neck that trends toward diffuse umber with advancing PMI. The
lateral chest and shoulders are maroon that radiates into a vibrant
orange ombre at midline and bridges into an abdominal orange
blush. Abdominal discoloration presents as circumscribed areas of
orange discoloration that evolves into diffuse vibrant orange with
advancing PMI. The arms present diffuse rose/orange mottling that
evolves into diffuse distal maroon discoloration that fades to rose,
then orange as it advances proximally. The legs are diffusely orange
with prominent rose marbling. Expansion of lipid cells is visible in the
abdomen. Ant colonization with subsequent abraded defects
persists. Avian scavenging of peri- and intraocular tissue. Slight bloat
advances to prominent abdominal bloat followed by early post-bloat
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20-22

23-24

25-28

648 - 647 °C
PMI 55-59 Days

645-772°C
PMI 60-99 Days

768 -471°C
PMI 100-171 Days

abdominal collapse. Prolific, diffuse, superficial tissue sloughing
results in diffuse, whole body, orange color change.

TBS 21-22 were not observed. Post-bloat abdominal collapse
complete. Orange discoloration fades to yellow following heavy
rainstorms and structural, subdermal adipocere formation is present
throughout the body with punctuated aggregates of varying size and
density present in the breasts, lateral abdomen, and proximal legs.
New avian scavenging is present in the distomedial left leg.

TBS 23 was not observed. All tissue presents diffuse pale
orange/yellow discoloration that reverts to diffuse vibrant orange
with areas of rose mottling as PMI advances. Stained glass tissue
cracking and sloughing around the periphery of the inguinal region
exposes new areas of vibrant orange. Rose discoloration is
introduced to the midline abdomen and proximal legs with
advancing PMI. Several generations of shattered glass tissue
sloughing results in dynamic color change. Color change trends back
toward umber with increase in PMI. Facial discoloration reverts to
yellow/umber, then progresses into umber/brown. Brown mottling is
introduced to the limbs and progresses toward diffuse presentation.
Infiltration of brown mottling into the abdomen results in
maroon/brown/plum/orange mottling. Tissue collapse and waxy
superficial desiccation present with prominent peripheral subdermal
adipocere formation. Avian scavenging of left distomedial left leg
extends proximally; new avian scavenging is present in the left
distolateral arm and bore holes penetrate the right proximal arm and
evolve into longitudinal tissue removal across PMI. All limbs present
superficial avian scratching and peripheral matrix disturbance is
sufficient to result in pseudoburial of the right arm.

TBS 27-28 were not observed. Third generation body-diffuse stained-
glass tissue cracking and sloughing exposes deep maroon tissue
discoloration. Discoloration evolves across each body segment with
increase in PMI. The abdomen and proximal thighs present
maroon/rose/orange mottling that advances toward lateral
orange/gold, the chest presents diffuse golden/yellow that
disseminates into the cranium and shoulders. Following a marked
decrease in ambient temperature and subsequent snow overburden,
a diffuse brown/gold discoloration is revealed. Subdermal lipid cell
expansion is visible in the abdomen. Tissue collapse is characterized
by waxy, pliable, interstitial adipocere formation in the overlying
dermis. Subdermal adipocere aggregates remain prominent in the
lateral chest and knees. Avian motivated tissue removal extends the
length of the left arm with new scavenging of the waxy adipocere
deposit in the right knee. Voracious avian scavenging across this
period results in complete skeletal exposure of the arms and distal
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29-35

Terminus

459-1129°C
PMI 172-321 Days

TBS 31
PMI 321 Days
ADD 1129°C

legs; exposed bone presents maroon/rose discoloration within the
osseous infrastructure.

TBS 29-30 were not observed. Body passively displaced downslope
following a period of frenetic scavenger activity. Prominent erosion
line in soil. Visibility occluded by snow overburden, but persistent
avian scavenging is evidenced by avian tracks in the snow and bore
holes containing ribboned tissue. One brief period of snowmelt
reveals extensive destruction of the remaining tissue layers, which
are perforated and shredded and resemble torn fabric. Spring
snowmelt reveals complete skeletonization, trabecular mining,
disarticulation, and displacement downslope. A canid scavenger
gains access to the cage in mid-summer (June 27, 2022), resulting in
the destruction and removal of skeletal elements and moderate
commingling of donors TB21-104 and TB21-105 in the southwest
corner of the cage.

Due to the extent of skeletal scavenging and displacement, Donor

TB21-104 is removed from the research facility for maceration and
skeletal curation.
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Table 5-14: Trajectory of decomposition - Donor 21-105

Donor TB21-105:

Placement Date: 10/15/2021; Placement TBS 3; Pre-placement PMI 18 Days; Pre-placement ADD 55 T

TBS ADD/PMI Range Observed Changes
3-6 3-64°C TBS 4-5 were not observed. Donor fresh at placement. Several small
PMI 1-21 Days areas of skin slippage/skin irritation/superficial abrasions due to

hospitalization and field placement. Striae distensae diffuse on
abdomen. Tissue quality changes with progression of PMI and existing
defects (proximal arms, right medial thigh, left lateral thorax) show
early color change.

7-10 66 - 69 °C TBS 7-9 were not observed. Distal limbs present early maroon/orange

PMI 22-23 Days

11-14 73-119°C
PMI 24-33 Days

15-19 121-177°C
PMI 34-54 Days

color change, cheeks present orange, and abdomen presents orange
discoloration within striae distensae. Avian scat widely and heavily
dispersed and is present on all body surfaces, scratch marks visible in
superficial dermis, and left ear is partially removed.

TBS 12 & 14 were not observed. Drying of all small edges (nose, lips,
fingers, toes, and all membranous structures). Face maintains fresh
quality peripherally; patterns of color change are central and include
vibrant orange cheeks, maroon periorbital tissue, and circumscribed
areas of orange tissue discoloration. The scavenged ear presents
vibrant maroon/rose discoloration. Dramatic color change in distal
arms and legs characterized by vibrant maroon/orange mottling;
proximal legs present diffuse orange color change. Color change in
proximal and distal limbs remain distinct but begin to bridge with
advancing PMI. The thorax presents numerous circumscribed areas of
orange discoloration that expand with cumulative PMI but fail to
coalesce. New areas of superficial avian scratching are present on the
thorax and are associated with distinct patterns of color change
(vibrant orange on the chest/vibrant maroon on the abdomen). New
bore holes are present in the right distal arm and the right eye is
removed. Differential decomposition/tissue island formation in the
right and left legs and fluid bloat in the right and left hands and feet.

TBS 18-19 were not observed. Face presents increasingly diffuse
orange color change centrally, and maroon peripherally. This trend
advances toward deep maroon/plum in the forehead, periorbital
tissue, and peripheral tissue, while orange discoloration is maintained
in the cheeks. Tissue at ground-body interface presents deep maroon
discoloration. Color change in the trunk coalescing with peripheral
areas of fresh tissue retention. The abdomen presents maroon color
change while chest maintains circumscribed areas of orange color
interrupted by fresh tissue. The right and left arms present deep plum
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20-22

23-24

174-176°C
PMI 55-63 Days

180-13°C
PMI 64-108 Days

discoloration. Distal legs present deep diffuse maroon anteriorly, and
vibrant maroon/plum mottling posteriorly. New avian scavenging in the
right shoulder reveals underlying lipid/adipocere tissue that trends
toward orange discoloration across time. Expansion and coalescence of
existing bore holes in the right and left arms through the introduction
of new bore holes. Scavenging of muscle and tissue of the right lateral
face, right distal arm, and longitudinally in left arm.

Circumscribed areas of adipocere formation in left leg, lateral thorax,
and shoulders. Interstitial adipocere formation maintains appearance
of fresh tissue in the thorax.

Fluid bloat retained in hands and feet. First phase skin sloughing with
shattered glass appearance initiated in the abdomen, inguinal region,
and the length of the legs.

TBS 21 was not observed. Superficial drying of epidermis characterized
by waxy desiccation; soft tissue palpated in dermal layers beneath.
Face presents prolific drying and sloughing of epidermis with
concomitant second-generation maroon color change. Hands and feet
present rose discoloration. Abdomen presents maroon/rose color
change; chest maintains circumscribed areas of orange discoloration
with coalescence over time. Diffuse areas of tissue sloughing result in
second generation vibrant orange color change. Proximal legs present
subdermal adipocere aggregates that vary in size and density. Avian
scavenging intensifies with advancing PMI, resulting in the reflection of
tissue and removal of muscle from the left arm, and of the deep
muscle in the right shoulder. Prolific tissue sloughing continues to
advance in the lower abdomen, inguinal region, and legs.

TBS 23 was not observed. All aerial facing surfaces present notable
superficial, pliable, waxy desiccation. Subdermal tissue collapse
observed in all body sections. Second generation cranial color change
intensifies to deep maroon. Abdominal discoloration is diffusely
orange/maroon. Chest retains areas of 'fresh' tissue interrupted by
circumscribed areas of orange discoloration that advances to
coalescence and intermingling of new rose discoloration. Early bridging
between abdominal and chest discoloration. Color change
homogenizes to a diffuse golden yellow/orange following first major
snow fall. Anterior tissue surfaces maintain golden yellow with
pronounced capillary marbling; posterior body maintains deep
maroon/plum color at ground-body interface. Subcutaneous
aggregates of adipocere formation are prominent in the lateral glutes,
proximal legs, and scrotum. Persistent avian scavenging results in
skeletonization of the right hand and the length of the right arm.
Muscle mining progresses in the right shoulder resulting in exposure of
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25-28

29-35

Terminus

10.10- -124°C
PMI 109-129 Days

-137-534"°C
PMI 130-279 Days

TBS 31
PMI 279 Days
ADD 533 °C

red 'fresh' muscle pulled from anatomical orientation. Proliferative
tissue sloughing advances with cumulative PMI.

TBS 26-28 were not observed. Chest maintains golden yellow
discoloration, abdomen, and proximal legs diffusely vibrant orange.
Heavy avian scratching and disruption of peripheral matrix results in
pronounced pseudoburial of limbs. New avian scavenging is evident in
reflection of facial tissue, tissue removal with subsequent ribboning in
the distal legs, boring and consumption of subdermal adipocere
aggregates in proximal legs, and new bore holes in inguinal region, left
shoulder, and chest.

Body passively displaced downslope by scavengers. Complete
pseudoburial of right arm with extensive adhesion of dirt to the
cranium and neck following period of snow overburden. Prominent
erosion line in soil. Right arm reduced to bone and substantial tissue
removal in the left anterolateral thorax and left proximal leg results in
skeletal exposure and displacement. Visibility occluded by snow
overburden, but persistent avian scavenging is evidenced by avian
tracks in the snow and bore holes containing ribboned tissue. Spring
snowmelt reveals complete skeletonization, trabecular mining,
disarticulation, and displacement downslope. A canid scavenger gains
access to the cage in mid-summer (June 27, 2022), resulting in the
destruction and removal of skeletal elements and extensive
commingling of donors TB21-104 and TB21-105 in the southwest
corner of the cage.

Due to the extent of skeletal scavenging and displacement, Donor

TB21-105 is removed from the facility for maceration and skeletal
preservation.
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Table 5-15: Trajectory of decomposition - Donor 21-106

Donor TB21-106:
Placement Date: 10/25/2021; Placement TBS 3; Pre-placement PMI 24 Days; Pre-placement ADD 73 C

TBS

ADD/PMI Range

Observed Changes

3-6

7-10

11-14

15-19

20-22

ADD 3 -109 °C
PMI 1-34 Days

ADD 112-137°C
PMI 35-40 Days

ADD 138-149 °C
PMI 41-45 Days

ADD 154 -169 °C
PMI 46-68 Days

ADD 166 - -141°C
PMI 69-126 Days

TBS 5 was not observed. Tissue discoloration characterized by faint
pink/maroon blush in face, fingertips, and abdomen that modestly
deepens in color and expands in breadth with increase in PMI. Minor
abdominal bloat.

TBS 8 & 10 were not observed. Maroon discoloration in the face
advances to diffuse maroon blush most prominent in forehead. Hands
and feet present deeper maroon blush that begins to radiate up distal
arms and legs. Minor abdominal bloat with associated slight green
discoloration and marbling. Drying of lips, nose, ears, and distal
manual/pedal phalanges.

TBS 13-14 were not observed. Face retains diffuse maroon blush most
prominent in forehead. Chest presents maroon blush that radiates into
green discoloration beneath the ribs. Small, circumscribed areas of
maroon and orange color change are present on abdomen, arms, and
legs. Post-bloat abdominal collapse and marbling in neck and abdomen.
Heavy dispersal of avian scat on all body and cage surfaces.

TBS 15 & 18-19 were not observed. Face presents diffuse maroon blush
that deepens with advancing PMI; cheeks present vibrant orange
discoloration. Circumscribed areas of color change beginning to form
on chest, followed by diffuse orange blush; extant areas of
circumscribed color change beginning to coalesce in proximal legs.
Abdomen retains green discoloration with subsequent presentation of
maroon discoloration that advances to mottled maroon/orange. Distal
arms and legs diffusely maroon, color change fades into
maroon/orange ombre in proximal arms/legs. Tissue associated with
posterolateral surfaces and at ground-body interface presents deep,
vibrant maroon discoloration. Tissue islands begin formation and reach
prominence in the proximal legs. Adipocere formation in defect of
proximal right arm. Proliferative facial skin sloughing. Avian scavenging
of distal right and left arms and left pectoral muscle characterized by
removal of superficial dermis and deep muscle mining. Persistent
scavenging results in skeletonization of right and left distal arms.
Superficial avian scratching on proximal legs and thorax.

TBS 21-22 were not observed. Face presents diffuse plum discoloration
following proliferative tissue sloughing. Circumscribed areas of deep

plum discoloration present on arms, legs, and abdomen. Distal legs
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23-24

25-28 ADD -154 - -82°C
PMI 127-228 Days

29-35 ADD -69 - 2008 °C
PMI 229-401 Days

Terminus TBS 31
PMI 401 Days
ADD 2008 °C

present maroon/orange ombre that radiates into diffuse vibrant orange
discoloration of the proximal legs with advancing PMI. Chest and
abdomen present diffuse, vibrant orange discoloration. Chest
discoloration advances to diffuse maroon that bridges into maroon and
eventual deep purple discoloration of the shoulders. Shoulders and
chest present avian scratching. Arms present retracted tissue, drying of
ribboned tissue, and exposure of the left humerus following persistent
avian scavenging. Slope wash results in the downslope ‘combing’ of the
beard and hair.

TBS 23-24 were not observed.

TBS 25-26 & 28 were not observed. Tissue discoloration is diffusely
mottled umber/pale yellow. Scavenging persists in all body sections
resulting in almost complete removal of tissue of head and neck. Tissue
removal associated with the right and left shoulders advances into
chest and lateral thorax resulting in additional rib exposure, and
exposure of pink muscle tissue. Several bore holes are introduced to
the inguinal region, and distal legs with concomitant muscle mining.

Tissue discoloration is predominantly umber with retention of areas of
pale yellow. Persistent avian scavenging results in complete
skeletonization of the head, neck, right and left arms and right and left
distal legs with subsequent trabecular mining. Proximal legs are skeletal
but retain overlying waxy desiccated tissue as a result of muscle
mining. All exposed skeletal elements present fresh, greasy quality that
advances to drying and bleaching of distal skeletal elements.

Thorax retains tissue with waxy, pliable, adipocere quality that
advances to drying and shrink wrapping of ribs, with subsequent tissue
loss resulting in exposure and eventual breakage of anterior ribs. Slope
wash is persistent, resulting in the tilting of the cranium downslope,
peripheral pseudoburial, and substantial infiltration of mud and debris
in the head, neck, and thorax. Hair mat separation and eventual loss
are followed by movement of the hair mat downslope.

Donor TB21-106 remains in the research facility; ‘terminal’ data refers
to the data presented at the end of the study period.
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5.4 Conclusion

Qualitative assessment of intracohort incidence of categorical traits was considered along two
analytical lines: (1) the TBS model’s ‘classic’ descriptions of decomposition change; and (2) high-altitude
specific descriptions of decomposition change. Both models were assessed using the same criteria. Each
categorical change was scored as present (1) / absent (0) on each data day, facilitating correlation
between each trait and ADD. An 80% threshold for intracohort trait presentation was established; traits
failing to meet the 80% threshold were rejected from future model building. Donor specific point of first
presentation was established for each trait and presented as a cohort range. The range is presented to:
(1) establish earliest/latest point presentation; and (2) establish the range of ADD within which a
categorical trait first presents. Categorical traits possessing a wide range of presentation (i.e. across a
broad range of ADD), are less likely to serve as a strong temporal marker and are therefore less likely to
benefit future predictive model development.

Within its intracategorical descriptions, the TBS model uses six ‘classic,” descriptions of
decomposition change: skin slippage, purge, specific patterns of soft tissue color change, marbling,
bloat, moist decomposition. With the exception of moist decomposition, each of the ‘classic’ categories
failed to meet the 80% threshold. While moist decomposition presented in 83% of the sample,
presentation was across a broad range of ADD (450 — 3572 ADDC), suggesting that it does not possess
the temporal specificity necessary to meet the criteria for future model building.

Seven unique categorical traits were identified in the first year of study, the suite of which is
hypothesized to be unique to high-altitude decomposition. Cohort wide incidence and prevalence of
each trait was tested in the second year. These categories include: (1) orange or maroon dominant
trajectory of soft tissue color change; (2) adipocere formation; (3) fluid bloat; (4) tissue island formation
(localized differential decomposition); (5) skin sloughing; (6) pseudoburial; and (7) slope roll. Four

additional categorical changes, including: (1) limb float; (2) effervescence; (3) capillary marbling; and (4)
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snow metamorphism, creep, and ice accretion were isolated for future study. With the exception of
slope roll (67% sample presentation), all traits met the 80% threshold. However, both pseudoburial (600
— 4300 ADDf) and slope roll (1355 - 10142 ADD*) presented across a broad range of first point
presentation. Because these categories are highly sensitive to donor-environment interaction and lack
the necessary temporal specificity, both are rejected from future model building but are retained as

important components of the local taphonomic profile.
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CHAPTER 6
RESULTS: FORENSIC ECOLOGICAL PROFILE - SCAVENGING
6.0 Results: Invertebrate and Vertebrate Behavior

Understanding local scavenger behavior both by individual species and as the sum of interacting
groups (scavenger guilds) is critical to the environment specific forensic ecological profile. Scavenger
activity interrupts the death or deposition scene and results in soft tissue and skeletal displacement and
loss. This behavior resonates down the analytical chain as it limits the scope of environmental and
biological evidence available to the analyst both on scene and in subsequent skeletal analysis.
Longitudinal controlled study of environment specific rate and pattern of human decomposition affords
the appended opportunity for controlled study of associated scavenger behavior. Because the structure
of scavenger guilds and the behavior of individual species is heavily influenced by local environmental
variables, region-specific study is pivotal. Among the most prominent variables at high-altitude are
protracted overwintering resulting in limited mobility with concomitant reduction in home range size,
scarce resources, and metabolisms slowed by physiological stress.

The scavenger cages used in this study precluded access to human remains by large-bodied
scavengers. Rather than constitute a limiting factor, this allowed small-bodied vertebrates the
opportunity to proliferate as apex scavengers, and facilitated high-resolution study of their behavior.
Because many small-bodied species cooperatively scavenge, their scavenging behavior has typically and
necessarily been understood in sum (e.g. ‘rodent’ or ‘avian’ behavior), as cooperation precludes species-
specific description of scavenging pattern and behavior. Further, the taphonomic signatures of small-
bodied scavengers are often overprinted by those of more destructive, larger-bodied vertebrates,
adding complexity to pattern elucidation. As such, emphasis in this study was placed on intraspecies

continuity in behavior, and the temporal, anato-spatial, and archetypical presentation of osseous and
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soft tissue change, summarily yielding a higher resolution model of small-bodied scavengers at high-
altitude.

Four primary scavenger groups were observed throughout the course of this study. Insect
identification was limited to family. Vertebrate identification extended to genus and species. Primary
scavenging groups included invertebrates: (1) Dipterans (blow flies; Calliphoridae); and (2) Coleopterans
(carrion beetles; Silphidae), and vertebrates (1) black-billed magpies (Pica hudsonia); and (2) bushy-
tailed woodrats (Neotoma cinerea; commonly referred to as packrats). Additionally, the presence of red-
tailed fox (Vulpes vulpes), and an unidentified small-bodied canid species (identified by morphology of
osseous defects) were each noted on one occasion, respectively.

6.1 Insect scavenging

Dipteran oviposition and larval development was observed in six donors (50% of cohort);
proliferative colonization was limited to three donors (25% of cohort). Coleopteran larval colonization
was observed in five donors (42% of cohort). Family identification indicated the presence of blow flies
(Calliphoridae), and carrion beetles (Silphidae). Calliphoridae larvae and Silphidae grubs presented non-
linearly and demonstrated an overall lack of reproductive and competitive success. For clarity, larvae will
be used to refer to both immature Dipterans and Coleopterans when discussing patterns in sum. Larval
development was characterized by opportunistic, punctuated colonization events. Oviposition occurred
in moist and protected areas of the body, including oral, otic, and optic cavities, axillary and inguinal
regions, within autopsy incisions and bullae, and beneath tissue layers separated by enzyme excretion.
This pattern is widely reported and an arguably universal adaptation, as these sites structurally provide:
(1) protection from environmental elements and scavengers; (2) a moist environment integral to early
development; and (3) a closed environment that promotes maintenance of the clustered infrastructure
of oviposition aggregates (Byrd & Tomberlin 2020). Modes of bodily larval colonization progressed in

anticipated ways (e.g. diffuse migration under moisture rich and protective superficial tissue layers).
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However, a unique pattern of preferential migration from the body surface to the posterior body and
peripheral ground-body interface was most typically observed (Figure 6-1 & 6-2). The catalyst for this
behavioral adaptation is hypothesized to be a safety seeking mechanism, as the ground-body interface
affords a measure of protection from scavengers and deleterious weather patterns. Despite behavioral
plasticity, the interaction between developing larvae and several environment specific variables
precluded the overall success of both Dipteran and Coleopteran reproductive and developmental
success.

Two primary factors limited successful larval colonization: (1) avian scavenging; and (2) local
atmospheric patterns. While avian species were observed scavenging larvae, this hazard is not
considered unique, as scavengers present a threat to developing and colonizing larvae in most (and
arguably, all) environments. Of greater consequence were local weather patterns associated with high-
altitude summers. Insects and their offspring are poikilothermic, making their development highly
sensitive to environmental variables. The most critical of these variables are temperature and moisture.
While cursory consideration of warm summer temperatures and moderate to high humidity suggest
ideal conditions for larval development, an overall inaccurate atmospheric picture is painted. High-
altitude summers are characterized by dramatic punctuated weather events, including hailstorms,
violent thunderstorms, high winds, and wildfires producing acrid, atmosphere dense smoke. Adaptive
mechanisms observed at high altitude were primarily demonstrated by colonization site. While Dipteran
oviposition and early larval development was often successful, reproductive and developmental success
was interrupted by punctuated, dramatic atmospheric and environmental events, resulting in rapid
death of larval colonies and the impediment of overall reproductive success. Rapid colony eradication
was distinguished from typical maggot migration by time from oviposition to eradication, and majority
instar stage at the time of eradication. For example, TB20-106 presented fly oviposition (PMI 2 Days),

followed by sparse colonization of first instar larvae in the autopsy incised thorax (PMI 3 Days). The
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following day, antagonistic thunderstorms persisted throughout the morning. When observed that
afternoon, lifeless early instar maggots were visible in the thorax and in the surrounding environment;
no subsequent maggot activity was observed.

Scavenging larvae constitute a formidable source of soft tissue destruction in many — but not all
— environments, as demonstrated by environmentally mediated colony eradication. Calliphoridae larvae
were observed early in the postmortem interval and associated with separation and enzyme catalyzed
dissolution of the epidermis. Due to frequent colony eradication, they were not major progenitors of
tissue loss. The morphological impact of their presence was primarily manifest in the widening of
colonized body cavities, such as the nares, following migration or death. Silphidae grubs were observed
during advanced decomposition (TBS 22-24) and scavenging resulted in a distinct series of tissue
perforation ranging in size from 1-5 millimeters (Figure 6-3). Because perforations are the result of
enzymatic feeding, the edges of tissue defects are morphologically smooth. This lends morphological
distinction, making Silphidae defects identifiable from alternative sources of tissue perforation, such as
avian scavengers and environmental exfoliation. Anato-spatially, perforations were most densely
distributed in body segments characterized by thinner dermal structure, such as the face and superior
chest. Perforations were initially circumscribed, followed by increasing coalescence across time,
mediated by mechanical properties such as environmental exfoliation, expansion and retraction of
desiccated tissue, movement of body sections, and the behavior of subsequent scavengers. Coalescence
resulted in ‘peekaboo’ exposure of underlying skeletal elements and promoted their premature

weathering.
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Figure 6-1: Left - Prolific maggot colonization at the ground-body interface. Right — detail of colonization.
Note the almost complete lack of thoracic colonization, which provides optimal environmental conditions
(moisture, nutrient dense easy to digest viscera, and tissue folds to entrap enzyme secretions and promote
tissue dissolution) for development.

Figure 6-2: Left - Facial colonization by mature Silphidae larvae; note the density of colonization in the hair,
and tissue perforations subsequent to scavenging. Right - Prolific grub colonization between the legs at the
ground-body interface.
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Figure 6-3: Top — Mild loss of orbital tissue following Silphidae scavenging. Bottom — Advanced
tissue loss with coalescence of tissue perforations resulting in aggregate areas of tissue loss and
‘peekaboo’ exposure of underlying skeletal elements (approximately 30 days of activity, TBS 22-
23, PMI 100-129).
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6.2 Avian scavenging
In a porcine pilot study, turkey vultures (Cathartes aura), ravens (Corvus corax), and black-billed
magpies (Pica hudsonia) were both directly and indirectly (via game camera) observed scavenging
cooperatively (Baigent et al. 2019). While cooperatively scavenging, species specific patterns of soft
tissue and osseous change could not be discerned. The introduction of scavenger cages precluded access
to human remains by the larger bodied ravens and vultures, allowing black-billed magpies to radiate.
Magpies were observed early in the postmortem interval (within 1-3 days of donor placement); their
presence persisted through advanced decomposition and skeletonization. Cage proliferation was
typically achieved in solitude. Succession and progression were characterized by a period of intraspecies
observation (learning), group proliferation (2-7 individuals), squabbling, and ascendency of a solitary
scavenger periodically interrupted by small groups (2-3 individuals).
6.2.1 Magpie (Pica hudsonia) scavenging
Magpies were prolific progenitors of tissue removal. Their scavenging persisted throughout the

year but was most voracious throughout the fall and winter. Both primary pattern and mode of tissue
removal were distinct, as were the passive byproducts of their behavior. Primary scavenging patterns
included: (1) boring; (2) muscle mining; (3) longitudinal tissue peeling; (4) ribboning of connective tissue;
(5) trabecular mining; and (6) generalized skeletal destruction. Additionally, a propensity for anato-
spatial focal scavenging was observed before advancement to a novel anato-spatial focal source was
undertaken. Passive byproducts of avian scavenging included: (1) peripheral soil excavation; (2) beak
raking and superficial talon stamping; (3) pseudoburial; and (4) slope roll.

6.2.1a. Boring: Magpie boring was associated with the project of dermal excavation, snow

clearance, and secondary food sourcing. Magpie induced bore holes are distinct from larval

Silphidae perforations in size and morphology. Larval Silphidae perforations are small (1-5 mm) and

present smooth organized borders, while magpie bore holes are larger (15-25 mm) and
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distinguished by irregular ‘tattered’ edges. Boring was accompanied by ribboning, the byproduct of
peeling muscle from dense connective tissue. This resulted in the curling of connective tissue as it
was forcibly pulled through the beak. Throughout the winter months, snow boring was observed as
a means of accessing tissue underlying snow overburden. Snow boring, tissue boring, and
concomitant ribboning are presented in Figure 6-4. In addition to soft tissue boring, bore holes were
observed in body adjacent matrices, introduced as migrating maggots, worms, or other burrowing
insects were opportunistically sourced (Figure 6-5). Matrix boring is considered an important
taphonomic change, as substrate focused boring bears resemblance to projectile defects that might
be mistaken for environmental data pertinent to scene investigation and interpretation.

6.2.1b Muscle Mining: Boring was independently categorized due to variation in morphology
and underlying behavioral motivation. Magpie boring was most prominently associated with the
project of dermal excavation to access underlying musculature. Bore holes typically presented
focally, followed by: (1) a tightly clustered series with eventual coalescence of defects as excavation
of large-bellied muscle groups (e.g. rectus femoris) was pursued; or (2) broad distribution as smaller
flat and fiber-complex muscle groups (e.g. rectus abdominis) were foraged (Figure 6-6). A time
series of game camera photographs present the active project of muscle mining (Figure 6-7). The
pulling of superficial tissue, removal of deep tissue plugs, and insertion of the head into tissue

cavities demonstrate that muscle mining is a focused, goal-oriented enterprise.
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Figure 6-4: Left — Magpie excavation of snow overburden followed by snow boring to reach underlying soft
tissue and consequent ribboning. Note anisodactyl tracks in snow surrounding the bore hole. Right — Detail of
bore hole, ribboning (yellow arrows), and avian track in snow (yellow outline).

Figure 6-5: Matrix boring (indicated by arrows) - bore holes in body adjacent matrices, introduced by magpies
scavenging secondary food sources such as migrating maggots, burrowing insects, and worms.
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Figure 6-6: Magpie boring. Top — Tightly clustered series of bore holes in left proximal leg with
coalescence. Coalescence characterized mining of large-bellied muscle groups. Bottom — Single bore
hole (adjacent to the umbilicus) in abdomen, associated with the mining of flat and fiber-complex
muscle groups.
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Figure 6-7: Muscle mining. The top row, left to right presents (1) Magpie pulling epidermis to gain access to
underlying muscle; (2) the removal of section of muscle placed on donor’s forearm; and (3) insertion of the head
into the defect cavity. Bottom row left to right presents a corresponding focal image of each step in the series.

183



Advanced muscle mining (scavenging undertaken following majority clearance of musculature)
was associated with advanced decomposition and desiccated tissue. In this phase, pocket searching was
undertaken. Pocket searching is characterized by the large-scale project of tissue tearing, a campaign
undertaken in search of additional food stores. In this stage, existing bore holes fortified by tissue
desiccation served as a beak anchor, creating the tension necessary to facilitate lateral tissue tearing.
The result is desiccated tissue that presents a series of small linear tears that progress to large,

coalesced tears, giving desiccated tissue an overall dramatically ‘tattered’ appearance (Figure 6-8).

Figure 6-8: Pocket searching - lateral tissue tearing giving the appearance of ‘tattered fabric,” following
prolific avian scavenging.

6.2.1c Longitudinal Tissue Peeling: Longitudinal tissue peeling was observed in both fresh and waxy
desiccated tissue and was characterized by the sequent peeling of strips of tissue from the limbs
resulting in a longitudinal series of ribboning (Figure 6-9 & 6-10). Longitudinal tissue removal was
focal, and acutely anato-spatially specific. Tissue peeling began with boring and tissue plug removal.
As time progressed, tissue defects became sufficient in size to allow the magpie cranial insertion
into the body cavity. As access increased, tissue peeling became more prolific but remained highly

focal. Once the project began in a specific body segment (e.g. the distal arm), focus remained on
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that body segment until the tissue was cleared. The second generation of scavenging did not begin
until the primary segment was devoid of tissue, and a second focal area was pursued. Overall, the
pattern of tissue peeling trended toward body-segment specific and circumferential, though tissue
may be left at the ground-body interface. Summarily, longitudinal tissue peeling was the primary
precipitator of skeletonization of the limbs, rendering the campaign a major component of the
taphonomic profile.

6.2.1d Ribboning of Connective Tissue: Ribboning of connective tissue was a consequence of boring,
muscle mining, and longitudinal tissue removal. Ribboning is the result of mechanical extension of
collagen dense connective tissue as softer water and protein dense muscular tissue was harvested.
In the process of pulling skeletal muscle from connective tissue, the connective tissue is forcibly
raked across the beak, interrupting the structural integrity of associated fascia, ligaments, and
tendons. Much like pulling ribbon across a scissor blade, when pulled across the lateral edges of the
mandibular bill, connective tissue is curled. Exposure to aerial elements results in drying and
maintenance of the curled connective tissue that bears a distinct resemblance to curled ribbon
(Figure 6-11). Ribboning is a unique feature of magpie scavenging that has the potential to be

regarded as diagnostic of avian scavenging.
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Figure 6-9: Time series game camera capture of magpie mediated longitudinal tissue removal.
Top to bottom (1) bore holes in arm; (2) insertion of head into defect (muscle mining); (3) longitudinal
tissue removal with consequent ribboning; and (4) focal tissue removal advancing to skeletal exposure.
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Figure 6-10: Focused, circumferential, longitudinal tissue peeling from distal legs while proximal tissue
remains uninterrupted. Note the presence of tissue at the ground-body interface and ribboning.
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Figure 6-11: Focused image of longitudinal ribboning resulting from the mechanical displacement of structurally
dense fascia, ligaments, and tendons subsequent to the removal of muscle by scavenging magpies.

6.2.1e Generalized Skeletal Destruction: Magpie motivated skeletal destruction is broadly
categorized as: (1) punctuated; (2) chaotic; (3) focused; and (4) passive. While categorically defined,
they are behaviorally intercalated, and will be presented in sum. Magpies tended to scavenge
individually or in pairs. The measured, relatively organized project of soft tissue removal is evident in
the longitudinal pattern of peeling and the focused specificity of a body segment. When multiple

magpies were present, intragroup competition was apparent in wing flapping, swooping, and
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pecking. Concomitantly, soft tissue was chaotically removed during rapid swoops, resulting in
passive introduction of skeletal defects. Flat bones were the most common site of passive skeletal
destruction, most frequently observed in rib ends, the iliac fossae, and the nasal and orbital osseous
complexes (Figure 6-12). Osseous destruction was restricted by architecture due to the
biomechanical limitations imposed upon scavenging breadth by beak morphology. Because magpies
were rarely observed scavenging in groups, these chaotic encounters are considered temporally

punctuated events.

Figure 6-12: Passive skeletal destruction in the optic and nasal osseous complexes following chaotic
avian scavenging. Yellow arrows indicate fracture of the maxillary and sphenoidal orbital plates; blue
outline indicates breakage of vomer’s perpendicular plate.
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Rib end fracture was characterized by both focal and passive modes of destruction. Focal
destruction was characterized by the clamping of the beak around the visceral and parietal rib
surfaces and using oppositional force to snap the rib end off the body. This resulted in disorganized
transverse, oblique, and wedge fractures (Figure 6-13). Similar morphology was passively motivated
by the removal of desiccated thoracic tissue that maintained its intimate relationship with the
underlying ribs. As avian scavengers worked to remove overlying tissue, lateral force was applied,
introducing compressive force to the parietal surface, and tension with concomitant failure to the
visceral surface. When decomposition of connective tissue was sufficient, passive interruption of the
costovertebral joint occurred, resulting in disarticulation, and/or displacement of the ribs or the
sternal complex. Flat bone destruction observed in the os coxae and in the nasal and orbital osseous
complexes also appeared to be the byproduct of soft tissue scavenging and most typically presented
as punctures within the orbital complex and iliac blades, transverse fracture of the vomer’s

perpendicular plate, and crush fractures of the nasals.
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Figure 6-13: Individual with a series of magpie derived rib fractures resulting in several fracture types.
Numbers correspond to fracture type: 1, 2, & 5 transverse crush; 3 & 4 oblique fracture; and 6 butterfly
fracture. All fracture types present frayed, disorganized edges.
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6.2.1f Trabecular Mining: Trabecular mining was only observed among scavenging magpies and was
temporally associated with overwintering and early spring. Trabecular mining occurred when tissue
removal was sufficient to result in moist skeletonization, facilitating the exposure necessary for
compromise of cortical surfaces. Trabecular mining follows a consistent pattern in location and
morphology, and only occurred after complete skeletonization. This pattern is therefore regarded as
focal scavenging and an extension of anato-spatial specificity. The pattern of trabecular mining
mirrored that of boring and muscle mining. Trabecular mining was characterized by focal cortical
destruction and removal of underlying trabeculae, likely in an effort to access the associated bone
marrow. Trabecular mining occurred in circumscribed areas of trabecular density, such as the distal
femora and the vertebral bodies. Summarily, trabecular mining took two primary morphological
forms: (1) complete removal of trabeculae with maintenance of an organized border and overall
structural integrity of the surrounding cortices; and (2) wide breadth cortical destruction followed
by removal of deep trabeculae resulting in a wide conical defect that may advance to complete
transverse penetration of bone, with a disorganized and undercut edges. Figure 6-14 presents the
two variants of trabecular mining. While trabecular mining is a form of skeletal destruction, it is

afforded categorical distinction due the morphological specificity of the associated defects.
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with maintenance of an organized border; and Bottom — distolateral femur, wide breadth cortical
destruction that advanced to complete transverse penetration and disorganized undercut edges.
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6.2.2 Passive Byproducts of Magpie Scavenging
Passive byproducts of magpie scavenging are the biological and environmental changes that
occur peripheral to the focused project of scavenging. Identified categories include: (1) peripheral matrix
excavation; (2) avian pseudoburial; (3) beak raking, superficial talon scratching, and talon stamping; and
(4) avian induced slope roll. These changes serve as indicators of magpie presence and inform the
overall composition of the scene-specific taphonomic profile.
6.2.2a Peripheral Matrix Excavation: Peripheral matrix excavation or soil scratching was invariably
observed throughout the course of magpie scavenging. Matrix excavation is characterized by both
active and passive disruption of the peripheral matrix by the avian beak and talons (Figure 6-15).
Passive disruption occurred as magpies walked, flapped, and swooped around the body, disturbing
the peripheral matrices. In extreme incidences, peripheral matrices were disturbed in radiations
extending as far as 60-centimeters from the body. The resultant dark, upturned matrix gave the
misleading appearance of a moist decomposition island. Active peripheral disruption was the result
of matrix excavation in pursuit of shed lipids and secondary food sources such as maggots, wormes,
and insects.
6.2.2b Avian pseudoburial: Avian induced pseudoburial resulted from bioturbation of surface
matrices through active scratching and digging into the soil adjacent to the body, or passive tilling of
surface matrices throughout the exercise of scavenging. The result was partial or complete burial of
a body surface associated with the site of soil disturbance. Burial was typically shallow depth (3-5
mm) but sufficient to obfuscate the affected body section. Matrix excavation and pseudoburial are

presented in Figure 6-15.
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Figure 6-15: Passive matrix excavation, note disarray of matrix between legs with discernable anisodactyly
(avian) footprints. Upturned dirt adheres to greasy bone, obscuring its presence in the environment.

6.2.2c Beak raking, Superficial Talon Scratching, and Talon Stamping: Beak raking, superficial talon

scratching, and tissue stamping are cosmetic defects introduced to the epidermis.

Beak raking resulted in linear, parallel striae of various length, resulting from both the collection of
insects and failed attempts to puncture the epidermis with the cuspidate apex of the beak (Figure 6-
16). Superficial talon scratching resembled beak raking in its superficial, non-penetrative
morphology, but was distinct in disorganization. While beak raking resulted in organized linear
striae, talon scratching was characterized by a disorganized, precipitous cluster of linear defects
(Figure 6-16). Talon stamping was observed in advanced decomposition, when subcutaneous
adipocere formation was sufficient to provide a gelatinous matrix within which a partial impression

of the anisodactyl foot may be visible (Figure 6-17).
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Figure 6-16: Left - Beak raking; note organized linear, parallel striae. Right - Superficial talon scratching; note
disorganized clusters of multidirectional striae.

Figure 6-17: Series of partial imprints of anisodactyly (avian) foot stamped in gelatinous
matrix of subcutaneous adipocere; almost complete imprint indicated by arrows.

194



6.2.2d Avian induced slope roll: Slope roll describes the mode and pattern of transport (movement)

of human remains through the environment across time. Avian induced slope roll was most typically

the result of passive disturbance of small bones and bone fragments while engaged in the primary

task of tissue removal. However, in advanced decomposition magpies were observed promoting

skeletal disarticulation while performing the task of trabecular mining and were responsible for

calculated removal of smaller skeletal elements.
6.3 Packrat Scavenging

Like magpie scavenging, packrat scavenging was observed throughout the year, but voracity

increased markedly in late fall and early spring. Packrat scavenging began in early to intermediate
decomposition. In general, their scavenging temporally proceeded magpie scavenging and presented on
a smaller anato-spatial scale. Both magpie and packrat scavenging accelerated as postmortem interval
increased. The anato-spatial scale of packrat scavenging increased markedly in intermediate to
advanced decomposition, when waxy desiccation facilitated the removal of larger soft tissue sections.
The incidence and prevalence of scavenging by individual packrats could not be assessed, as
identification of individuals by morphological traits was beyond the scope of this study. While packrats
could not be individualized, they are a behaviorally solitary species and co-scavenging was never
captured or observed. Packrat middens were observed both adjacent to, and within individual donors, a
pattern highly suggestive of individual, habitual scavenging (Figure 6-18). Packrat home range is
classified as radial and their activity extends 15.25 meters within the radial range (Whitford &
Steinberger 2010). Middens were distributed throughout the site at a minimum distance of 50 meters
apart. Primary modes of packrat scavenging included: (1) opportunistic exploitation of unique resources
and lipid dense diet; (2) resource-centric shelter; (3) superficial tissue removal and skeletal gnawing; and

(4) territorial resource defense.
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6.3.1 Opportunistic Exploitation of Unique Resources and Lipid Dense Diet: Unique resources are
defined as those not expected to regularly present within an ecological niche. Packrats cyclically
exploited adipocere formation within defects in human tissue, indicating preferential selection of the
lipid dense food source (Figure 6-19). While animal carrion possesses the physiological potential for
adipocere formation, fundamental differences in lipid structure between humans (phospholipids,
sterols, and triglycerides) and animals (triacylglycerols) make the content of each source distinct. In
accordance with a propensity for adipocere, packrats displayed a predilection for the lipid layer exposed
at the tissue interface of autopsy incision (Figure 6-20). The selective avoidance of intimately associated
fresh dermal tissue observed throughout the course of lipid layer scavenging demonstrates a preference

for lipid dense tissue types.

Figure 6-18: Game camera timeseries of packrat pedal scavenging in the early postmortem interval
(PMI =5 days). Visits were observed nightly and lasted 3-6 hours.

196



lipid dense adipocere (frames 5 & 9). This behavior was repetitive, as adipocere cyclically formed within the
same defect and was repetitively scavenged.




Figure 6-20: Preferential exploitation of the adipose layer at the tissue interface of an autopsy incision.
Note the release of autopsy sutures subsequent to scavenging, encouraging longitudinal advancement
of lipid layer consumption.

6.3.2 Resource-centric shelter: Packrat middens were constructed both directly adjacent to, and within
cadavers. Intra-corpus midden construction was limited to advanced decomposition, post visceral
desiccation. Midden construction began in the fall and the waxy desiccated tissue characteristic of
intermediate to advanced decomposition served as both shelter and a lipid dense food source ideal for
overwintering. While shelters constructed directly adjacent to, or within a donor indicated a packrat’s

presence and spatial location, packrat presence and movement was secondarily monitored throughout
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the winter by burrow construction and tracks in the snow. Tracks were opportunistically observed
during weekly site visits (Figure 6-21). One consistent and persistent travel route was observed following
the same course. The route originated in a grove of trees on the west slope, followed the length of fallen
logs until an open expanse of snow field was traversed to reach the perimeter of cage number five
(closest to the tree stand). Tracks were observed around the perimeter of the then empty cage before
traveling south to circle the perimeter of a second empty cage, before finally reaching cage number
four. Cage number four and the snow within contained packrat tracks, scat, and burrow holes. The
return path followed the route of entrance and terminated imperceptibly in the original tree stand. In
the spring, a packrat midden was located in a tree at the eastern face of the grove. The repetitive
circling of two empty cage perimeters suggests that the packrat recognized a resource rich change in the
environment. Examples of the three packrat midden types observed throughout the course of this study

are presented in Figures 6-22 & 6-23.

Figure 6-21: Packrat tracks in the snow traveling north and returning south. Directionality is determined by
linear impressions in the snow resulting from a dragging tail bisecting footprints (Halfpenny 2015).
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Figure 6-22: Left — Packrat midden constructed against the wall of cage one. Right- Packrat midden in
tree central to cages six-eight.
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Figure 6-23: Early phase packrat midden construction, right lateral shoulder of desiccated donor TB20-105.
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6.3.3 Superficial tissue removal: Superficial tissue removal was characterized by: (1) layered peeling of
the epidermis from the dermis and the dermis from the hypodermis where tissue removal terminated;
(2) peeling of tissue layers from superficial bone; (3) peeling of dense waxy layers of superficial tissue
from the hands, feet, and face; and (4) consumption of deep tissue during intra-corpus overwintering.
Fresh tissue scavenging was limited to removal of tissue layers from superficial bone, and ridge gnawing.
Removal of tissue layers from superficial bone was often attendant to skeletal displacement of the
metacarpals/metatarsals and manual/pedal phalanges induced by fluid bloat. Once exposed, osseous
scavenging of the cortical borders escalated to complete removal of intermediate and distal phalanges
(Figure 6-24). Ridge gnawing, characterized by longitudinal nibbling of soft tissue associated with an

anatomically graspable edge was also observed and was unique to early decomposition.

Figure 6-24: Fluid bloat in right foot with tissue removal and small scall skeletal exposure of the first
metatarsal (MT1) and pedal phalanges. Note the active and pronounced fluid loss in the area of MT1 and
the proximal first pedal phalanx, resulting from loss of the tissue that typically acts as a retentive barrier in
fluid bloat.
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Tissue peeling was most prolific during advanced decomposition when tissue quality
was characterized by waxy and dry desiccation. Temporally, layered tissue removal and peeling
of tissue layers from the hands, feet, and face were associated with winter and early spring
(Figure 6-25). The associated seasonal influx of moisture resulted in rehydrated, pliable tissue,
and compromise of the intimate relationship between tissue layers by moisture infiltration. The
plantar surfaces of all donor feet were voraciously scavenged throughout the winter, leaving
them largely devoid of tissue in the spring. Plantar tissue removal did not result in perceptible
skeletal involvement, indicating that scavenging was directed toward the calcaneal and
metatarsal fat pads. As was observed among scavenging magpies, packrats demonstrated a

propensity for repetitive exploitation of a focal anatomical region. However, packrat scavenging

was smaller in scale and guided by the presence of lipid dense tissue.
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Figure 6-25: Packrat tissue scavenging. Left — Layered tissue peeling of the abdomen (separation of waxy

desiccated epidermis from dermis). Right — peeling of plantar tissue. A lack of skeletal involvement suggests
that scavenging was directed toward the calcaneal and metatarsal fat pads
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6.3.4 Territorial Resource Defense: Packrats are classified as a solitary and territorial species. As such,
they are small but prolific scavengers, if they retain access to a desired food source. Aggressive
territorial behavior was observed in the field on one occasion, when an attack was levied during data
collection in a cage adjacent to a large midden. The resultant injuries were limited to pride and
superficial scratches (Figure 6-26). While innocuous in appearance, packrats should be considered a

potential threat to practitioner safety throughout field search and recovery operations.
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Figure 6-26: Left - The aftermath of a packrat’s display of aggressive territorial behavior. Right —Law
enforcement response, Sheriff McGraw, Park County Sheriff’s Office.

6.4 Small Bodied Canid Scavenging

Despite the installation of subterraneous galvanized steel DigDefense panels, two cages were
intruded upon by a small-bodied canid on two occasions. In the first incident, game cameras captured
images of a red-tailed fox within cage seven. A game camera failed to capture images in the second
incident. As a result, species identification was limited to defect morphology in bone, which included
conical punctures, epiphyseal crushing, and removal of the manual and pedal osseous complexes
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(skeletal complexes larger and more substantial than those manipulated by scavenging magpies and

packrats). Both breaches occurred in mid- to late-summer (June and August, respectively).

6.4.1. Canid Incident #1: June 2022

A burrow associated with an approximate 35(L) x 25(H)-centimeter gap in the tines of a

DigDefense panel was observed at the base of cage seven, containing donors 21-103 and 21-104. An
adjacent game camera captured images of a red-tailed fox (Vulpes vulpes) inside of the cage (Figure
6-27). Prior to canid entrance, both donors were skeletal and displaced downslope following prolific
magpie scavenging. Skeletal defects observed following canid activity included crushing and removal
of the epiphyses of long bones, conical punctures in bone, and loss of numerous skeletal elements,
including the skull, long bones, and articulated cervical vertebrae I-VII. A subsequent field search
resulted in recovery of the skull and articulated vertebrae approximately 50 meters upslope and
east of the cage, a fragment of a distal right radius approximately 33 meters southeast of the cage, a
right humerus with proximal and distal epiphyses removed approximately 25 meters northwest of
the cage, a left ulna with proximal and distal epiphyses removed approximately 16 meters north of
the cage, and several rib fragments in a wash associated with the southwest corner of the cage
(Figure 6-28). Based on overall condition and scene investigation, the fragments recovered from the
wash were attributed to avian scavenging and slope roll. The majority of both skeletons remained
caged, but disturbance was sufficient to result in a complex of comingling in the southwest corner of

the cage.
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Figure 6-27: Game camera capture of a red-tailed fox (Vulpes vulpes) inside of cage seven during canid
incident #1.
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Figure 6-28: Distribution of skeletal elements removed from cage seven during canid incident #1.
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6.4.2 Canid Incident #2: August 2022
A burrow associated with an approximate 30(L) x 25(H) centimeter gap in the tines of a

DigDefense panel was observed at the base of cage two, containing donors 20-103 and 20-104. Prior
to canid interference, 20-103 presented desiccated tissue and skeletal exposure of the: mandibular
body, right lateral craniofacial region, anterior cervical vertebrae, left hand, right and left ischiopubic
rami, and the plantar surfaces of the right and left feet. Taphonomic skeletal change was limited to
subaerial bleaching. Post canid interference 20-103 presented: (1) inferolateral displacement of the
right arm; (2) disarticulation of the left humerus and radio- and ulno-humeral joints; (3)
superolateral abduction of the proximal left humerus; (4) displacement of the left radio-ulnar
complex and the left hand resulting in new skeletal exposure; (5) dramatic lateral abduction of the
right leg resulting in a 90° angle between the leg and the trunk; (6) tissue displacement resulting in
new skeletal exposure of the right and left femora, the lower thoracic vertebrae, the lumbar
vertebrae, the right and left os coxae, and right ribs 9-12; (7) torsion of the distal left leg with force
sufficient to result in separation and removal of the pedal phalanges (these elements were not
recovered). Prior to canid interference, 20-104 retained waxy desiccated tissue on the majority of all
body sections. Skeletal exposure was limited to circumscribed areas of the mandible and maxillae,
the distal arms, and the dorsal and medioplantar aspects of the right foot. Post canid interference
20-104 presented: (1) tissue removal of right lateral chest and midline resulting in exposure of the
manubrium and desiccated anterior longitudinal ligament; (2) complete skeletonization of the right
and left distal arms and partial exposure of the left proximal humerus due to tissue displacement;
(3) complete removal of the right and left hands with concomitant crush fractures of the right and
left distal radial and ulnar epiphyses; and (4) longitudinal peeling of waxy desiccated tissue resulting
in skeletal exposure of the left medial tibia and foot. Figures 6-29 and 6-30 present pre- and post-

canid interference of 20-103 and 20-104, respectively.
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Figure 6-30: Donor 20-104 Left — pre- canid scavenging. Right — post-canid scavenging.
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While large-bodied scavengers were barred access to donors by scavenger cages, infiltration by
two medium-bodied canids demonstrates the extent of scene interruption and skeletal disturbance and
destruction achieved in a short span of time. This is demonstrative of the rapidity with which the
taphonomic signatures of small-bodied scavengers may be overprinted. While holistic profiles of
interspecies scavenging are critical to study of the local environmental, rapid overprinting underscores
the need for scavenger studies designed to segregate small-bodied groups to best understand individual
mode and trait presentation.

6.5 Conclusion

Understanding local scavenger behavior both by individual species and as the sum of interacting
groups (scavenger guilds) is critical to the environment specific forensic ecological profile. The use of
scavenger cages in this study precluded access to human remains by large-bodied scavengers. This
exclusion allowed small-bodied scavengers to radiate, facilitating high-resolution, categorical description
of their behavior. Four primary invertebrate and vertebrate scavenging groups were observed in this
study. These included: Dipterans (blow flies; family Calliphoridae), Coleopterans (carrion beetles; family
Silphidae), magpies (Pica hudsonia), and bushy-tailed woodrats (Neotoma cinerea; commonly referred
to as packrats). Additionally, the presence of red-tailed fox (Vulpes vulpes), and an unidentified medium-
bodied canid species (identified by morphology of osseous defects) were each noted on one occasion.

Invertebrate identification was limited to family and indicated the presence of blow flies
(Calliphoridae), and carrion beetles (Silphidae). Scavenging by larvae was observed within both groups.
While typically prodigious scavengers, both groups were highly sensitive to atmospheric variables and
vulnerability to avian scavengers. Attempts to adapt included migration to the ground-body interface.
However, behavioral plasticity was insufficient to overcome exogenous variables and reproductive and

developmental success was limited.
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Magpies and packrats were the most prolific scavengers in this study. Both groups were active
throughout the year but voracity increased markedly in the late fall and throughout overwintering. Fresh
tissue scavenging was observed among both groups, but species-specific predilection for tissue type
diverged. Several categories of magpie scavenging cascaded from the guided project of transdermal
tissue boring, longitudinal tissue peeling, and muscle mining. Conversely, packrats pursued lipid dense
tissue, adipocere, and thin tissue overlying bone. Several categorical scavenging traits were attributed to
each group as a result of their segregation from larger-bodied scavengers. Tenacity among medium-
bodied ca