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CHAPTER

Forensic Taphonomy 5
5.1 Principles of forensic taphonomy
The term taphonomy is broadly defined as the laws of burial, derived from the 
Greek taphos, meaning burial and onomy, meaning law. The term was first coined 
by Ivan Efremov, a Russian paleontologist and science fiction author in the 1940s, 
in order to explain the process of “the transition (in all its details) of animal 
remains from the biosphere into the lithosphere” (Efremov, 1940:92). The study 
of taphonomy originated as a way to explain how and why skeletal elements 
or portions of skeletal assemblages ended up in the context in which they were 
found, as understanding taphonomic processes helps to explain why the paleon-
tological record differs from the biological community from which it is derived 
(Beary and Lyman, 2012). Taphonomy is now understood to refer to the study of 
everything that happens to biological organisms from the time of death to the time 
of discovery.

Since its inception, the study of taphonomy has become incorporated into 
various sub-disciplines of anthropology, including paleoanthropology, archaeol-
ogy, and more recently, forensic anthropology (Lyman, 1994; Haglund and Sorg, 
1997; Haglund and Sorg, 2002; Dirkmaat and Passalacqua, 2012). In each of 
these areas, an understanding of taphonomy helps to reconstruct and interpret 
the events associated with the deposition, dispersion, and modification of human 
remains. In a medicolegal context, the term forensic taphonomy is often used, 
referring to the study of postmortem processes which affect the preservation and 
recovery of human remains, which helps in reconstructing the circumstances sur-
rounding the death event (Haglund and Sorg, 1997:13). Forensic taphonomy is 
therefore essentially the study and interpretation of postmortem modifications to 
the body. A detailed understanding of taphonomy can facilitate the reconstruction 
of events that occurred between the deposition of the remains and their recov-
ery (Ubelaker, 1997). It can aid in differentiating taphonomic events from ante-
mortem and perimortem events (such as trauma), and estimating the time since 
death or postmortem interval (PMI). In addition, a thorough understanding of 
taphonomic processes in local environments (including the terrain and scavenger 
species present) can aid in searches for human remains and the context of their 
discovery.

Much of what is known about forensic taphonomy has been gained from obser-
vational studies on decomposition and postmortem modification of humans and 
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non-human animals. These studies are primarily conducted at outdoor field labo-
ratories associated with universities, which have increased in number over the last 
several years (Box 5.1). There are few such research facilities dedicated to aquatic 
decomposition, although some work has been done recently in British Columbia, 
Canada (Box 5.2). The following sections describe some of the taphonomic pro-
cesses known to affect human remains, how and why these processes may vary, and 
how they can be interpreted in forensic contexts.

BOX 5.1 TAPHONOMIC RESEARCH FACILITIES
The University of Tennessee’s Anthropological Research Facility (often referred to as  
“The Body Farm”) (see also Box 4.4) was a pioneering addition to forensic anthropological 
research, involving the direct study of donated, decomposing human bodies in order  
to better understand forensic taphonomic processes. While these studies have yielded 
excellent data on postmortem changes in eastern Tennessee, it is widely recognized 
that such changes are highly dependent on environment and climatic factors, especially 
temperature. More recently, several other institutions have developed similar facilities 
including: the Forensic Anthropology Center at Texas State (FACTS), located at Texas 
State University, San Marcos, TX; the Southeast Texas Applied Forensic Science Facility 
(STAFS), located at Sam Houston State University, Huntsville, TX; the Forensic Osteology 
Research Station (FOREST), located at Western Carolina University, Cullowhee, NC; and 
most recently, the Forensic Investigation Research Station (FIRS), located at Colorado 
Mesa University, Grand Junction, CO. The development of multiple decomposition 
research facilities provides new avenues for research on human decomposition in different 
environments and also provides opportunities for training courses for forensic scientists 
and law enforcement personnel.

Taphonomic research at Texas State University, San Marcos (Photo courtesy of Kate Spradley)
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5.2 Decomposition and postmortem soft tissue changes
The soft tissues of the body are the first to become modified after death. Early visible 
postmortem changes to the soft tissues include algor mortis, livor mortis, and rigor 
mortis, stages which are typically assessed by investigators and the medical examiner 
at autopsy. Algor mortis is the cooling of the body after death (Knight, 2002). During 
life, the body maintains a temperature of approximately 98.6°F, which is an optimum 
operating temperature for many of the body’s chemical reactions. After death, the 
body no longer maintains this temperature, so it begins to cool and equilibrate to the 
ambient temperature. The rate at which this cooling occurs depends on the tempera-
ture differential between the body and the environment (elevated body temperatures 
and cool ambient temperatures will increase this rate), but as a general rule, the body 
cools at a rate of about one degree per hour during the first twelve hours.

BOX 5.2 THE VICTORIA EXPERIMENTAL NETWORK UNDER THE SEA
The Victoria Experimental Network under the Sea (VENUS) is an underwater cabled labora-
tory at the University of Victoria, British Columbia (venus.uvic.ca). VENUS involves an array 
of remotely operated fiber optic cables linked to cameras, instruments, and sensors on the 
sea floor, and live data can be viewed from anywhere in the world. Research at VENUS 
includes the collection of oceanic data on physical, biological, and chemical conditions, 
including the study of the postmortem fate of animal remains on the ocean floor. Marine 
taphonomy is little understood, as conducting research under the ocean is extremely dif-
ficult. VENUS offers a unique opportunity for researchers to study decomposition in real 
time. Dr. Gail Anderson and Dr. Lynne Bell (School of Criminology, Simon Fraser Univer-
sity) are conducting a series of experiments in a variety of depths, habitats, and seasons 
to develop an understanding of faunal colonization, artifacts caused by abiotic and biotic 
factors, and effect of submergence on skeletal elements (Anderson, 2010).

Pig submerged at 100 m in the Saanich Inlet, BC (Image courtesy of Gail Anderson, Lynne Bell, and VENUS)
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Livor mortis (also called hypostasis) is the pooling of the blood in the body due to 
gravity and the lack of blood circulation as a result of the cessation of cardiac activity 
(Knight, 2002). These factors cause the blood to pool in the lowest points of the body, 
giving the skin a purplish-red discoloration. Livor mortis typically begins around 
thirty minutes to four hours after death, and is most pronounced approximately 
twelve hours after death. There are two recognized stages of livor mortis, which are 
a function of whether the blood has begun to coagulate. Prior to blood coagulation, 
livor is “unfixed”; if the body is moved, the blood will re-pool in whichever part of 
the body is closest to the ground in the new position. Livor becomes “fixed” when 
the blood coagulates, preventing the blood from re-pooling if the body is moved into 
another position.

Rigor mortis is muscle stiffening caused by the binding together of muscle fibers. 
Muscles require a molecule called adenosine triphosphate (ATP) in order to release 
from a contracted state (Knight, 2002); after death, the body’s ATP reserves are quickly 
exhausted and muscles remain contracted until the muscle fibers themselves start to 
decompose. Rigor mortis is typically seen first in the small muscles of the face and 
jaw. Rigor generally begins to set in several hours after death, peaks around twelve 
hours after death, and then subsides over the next day or so with decomposition of 
the muscle fibers (Knight, 2002). The timing of rigor mortis is dependent on envi-
ronmental conditions such as temperature, as well as the physical activity of the 
decedent around the time of death.

Decomposition is the process by which organic material is broken down into simpler 
forms. It occurs systematically in all biological organisms with the cessation of normal 
life functions (Gill-King, 1997; Marks et al., 2009), and begins immediately following 
death. Decomposition (also sometimes called postmortem decay) results in many physi-
cal and biochemical changes that can be observed macroscopically and microscopically. 
Decomposition occurs through two primary chemical processes: autolysis and putre-
faction. They often occur in tandem, but one may predominate in certain conditions. 
Autolysis (or “self-digestion”) is the destruction of cells through the action of their own 
enzymes. Autolysis typically occurs most rapidly in the pancreas and stomach, and may 
be the predominant decomposition process in more arid environments.

Putrefaction is the microbial deterioration of tissues caused by the proliferation 
of bacteria associated with the digestive system. Putrefaction causes color changes 
in the body including various shades of green, purple, and brown due to the release 
of pigments from the breakdown of internal structures. In a process called intravas-
cular hemolysis, bacteria increases throughout the circulatory system, resulting in a 
significant darkening of the vessels, a process often referred to as marbling.

Also associated with putrefaction is the production of gases. These gases, pri-
marily located in the abdomen, cause the body to bloat. This bloating can cause the 
affected areas of the body to expand dramatically. Over time the affected areas may 
rupture or the gas will subside naturally. Skin slippage, or shedding of the epidermis 
from the body caused by the deterioration of the junction between the dermis and 
epidermis, is also associated with early decomposition processes. Many local envi-
ronmental factors affect the decomposition process, including temperature, moisture, 
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and soil chemistry, but the processes of autolysis and putrefaction are still respon-
sible for the chemical breakdown of tissues (Knight, 2002).

In some cases, conditions may prevent or significantly delay the complete decom-
position of remains. Artifactual preservation refers to the preservation of a body or 
tissues by natural processes, chemical substances, or by the destruction of bacteria 
which may significantly alter normal decomposition processes. Such preservation 
may be related to the environment (such as aridity, moisture, or extremely cold tem-
peratures), or the depositional substrate (such as being in contact with preservative 
compounds in tree bark, pine needles, or decomposing leaves). Preservation may 
also be facilitated by body coverings including clothing (especially leather such as 
boots and jackets), plastic, or airtight caskets. The use of chemicals such as embalm-
ing compounds will also significantly delay decomposition.

Mummification is the preservation of remains by desiccation or drying out  
(Figure 5.1). The process of mummification requires relatively low humidity, and is 
more likely to occur in individuals who have a low amount of body fat. Although it 
can occur naturally, some ancient cultures, such as the societies of ancient Egypt, 
practiced deliberate mummification of bodies. In a forensic context, mummification 
is likely to occur in arid areas (whether hot or cold). The skin may turn a dark brown 
color and become leathery in texture (Galloway, 1997). Despite the dried nature of 
the outer tissue layers, there may continue to be insect activity (e.g., maggots and 
carrion beetles) occurring below the skin, especially if the remains contain moisture 
from bodily fluids and remaining soft tissues (Galloway, 1997). Tannic acids such 
as those found in peat bogs also tend to facilitate natural mummification (Box 5.3).

FIGURE 5.1 Mummified human remains



CHAPTER 5 Forensic Taphonomy124

Saponification is the process of the conversion of fatty tissue to adipocere 
(Gill-King, 1997; Clark et al., 1997; Ubelaker and Zarenko, 2011). Saponification 
usually occurs in unoxygenated, alkaline, semi-moist to wet environments, and is 
therefore more likely to occur in remains deposited in water. Saponification can 
also occur in remains from moist, airtight crypts or burials, and may be accelerated 
by bacteria. Adipocere, sometimes referred to as “grave wax,” is typically white in 
color and waxy in consistency, but can vary from white to grey or tan to black, and 
can be semi-soft to hard in consistency (Figure 5.2). Once formed, adipocere is 
relatively resistant to subsequent change, and can preserve many of the soft tissues. 
Saponification can occur in as little as three weeks, but onset takes place typically 
at one to two months.

Differential decomposition refers to the premature, irregular, or disproportional 
decomposition in an area or areas of the body. One of three causes is usually respon-
sible: an injury that exposes blood and tissues and provides a portal for scavengers, 
exposure to physical or chemical agents such as heat or corrosive acids, or prior local 
bacterial infection such as an abscess or cellulitis. In a forensic context, differential 
decomposition is important to detect and document if present, since it may provide 

BOX 5.3 BOG BODIES
Bodies that have become mummified in a peat bog have been called “bog bodies” or “bog 
people.” Most of these specimens have been discovered in northwestern Europe, including 
many that are estimated to be thousands of years old. It is believed that many of the indi-
viduals were killed and deposited into the peat bogs as part of cultural practices which may 
have included human sacrifice (Fischer, 1998). The conditions in peat bogs that facilitate 
this degree of preservation include having low oxygen, low temperature, and high acidity. 
The soft tissues such as the skin and organs are often well preserved while the bones and 
teeth are often decalcified due to the acidity (Brothwell and Gill-Robinson, 2002). The 
most famous bog body is that of “Grauballe Man,” a very well-preserved body discovered in 
1952 in Denmark. It is estimated to date from the 3rd century BC.

Grauballe Man – A well-preserved “bog body” from Denmark (historypbl.worldpress.com)
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information about an individual’s health just prior to death, or it may suggest trauma 
or foul play. For example, if a body that is otherwise fairly well preserved shows 
significant decomposition in the area of the neck, that region should be carefully 
examined for evidence of possible injury since it is not an area that would normally 
be expected to decompose at a faster rate.

The bones and teeth of the skeleton are much more durable and take longer to 
decompose than soft tissues. Skeletonization refers to the completion of soft tissue 
decomposition, where only the hard tissues of the skeleton remain. The skeleton also 
undergoes postmortem changes, which are discussed in the following section.

5.3 Postmortem skeletal changes
Once the soft tissues have decomposed, the skeleton is subject to modification and 
degradation by a number of factors that are largely dependent on the depositional 
environment. In the context of taphonomy, diagenesis is the term used to refer to any 
chemical, physical, or biological change to a bone after its initial deposition. (Note 
that the term “diagenesis” has been adopted from the science of geology, where it is 
used to refer to the changes that sediment undergoes as it converts to rock; when used 
in the geological context, it does not refer to surface changes such as weathering.) 
Many factors related to the depositional environment can be responsible for bone 
diagenesis. Postmortem changes to bones and teeth typically include those due to 
interaction with ground water and sediment, soil pH, as well as weathering, transport 
by natural or physical forces, plant growth through bones, and microbes, which can 
also cause structural damage to bones (Nielsen-Marsh and Hedges, 2000).

FIGURE 5.2 Adipocere on saponified human remains
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Weathering is a postmortem modification process of hard tissues as a response to 
natural agents in their immediate environment over time. While a number of factors 
are involved in this complex process, sun exposure, wet/dry and freeze/thaw cycles are 
primarily responsible for physical changes to skeletal material. Weathering of bones 
and teeth can appear as bleaching from exposure to sun, cracking, flaking, warping, 
and erosion (Figure 5.3). Other factors that play a role in the progression of bone 
weathering include microenvironment, weather extremes, bone density, and taxon. 
Proper analysis of the context in which the remains are discovered is therefore nec-
essary in order to interpret weathering patterns (Lyman and Fox, 1997). The degree 
and condition of weathering can be documented through detailed descriptions, and is 
often described using stages such as those in Table 5.1 (Behrensmeyer, 1978; Lyman 
and Fox, 1997).

Various other factors can result in skeletal modification. Movement of bones 
due to recovery, bioturbation, or transport can lead to breakage or abrasion. Bones 
will also become discolored and stained by their immediate environment, including 
sediments transported via groundwater into the pore spaces of bone. Soil is com-
monly responsible for bone staining, but it can also result from prolonged contact 
with decomposition fluids, leaves, algae, or metal objects such as zippers or but-
tons. Bodies deposited (especially buried) in areas with trees and plants may also be 
affected by roots, which can adhere to and even etch and degrade the bone surface 
(Figure 5.4).

FIGURE 5.3 Sun bleached mandibles of an artiodactyl
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5.4 Scavenging
Scavenging refers to the consumption and associated modification of remains by 
other animals. Understanding scavenging is important for distinguishing non-human 
modification from other modifications of soft tissue and bone. Knowledge of which 
non-human animal has modified the remains may also lead to a more successful 
recovery effort, by helping to determine where additional remains might be located. 

Table 5.1 Stages of bone weathering

Stage Description

0 Bone surface shows no sign of cracking or flaking due to weathering
1 Bone shows cracking, normally parallel to the fiber structure (e.g., longitudi-

nal in long bones), articular surfaces may show mosaic cracking of covering 
tissue as well as in the bone itself

2 Outermost concentric thin layers of bone show flaking, usually associated 
with cracks

3 Bone surface is characterized by patches of rough, homogeneously 
weathered compact bone, resulting in a fibrous structure, all lamellar bone is 
absent from these patches

4 The bone surface is coarsely fibrous and rough in texture
5 Bone is falling apart in situ

(From Behrensmeyer, 1978)

FIGURE 5.4 Damage on a cranium due to invasion of cheatgrass
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Scavengers of human remains are many, but the most prominent are insects, carni-
vores, and rodents, and it is not uncommon for there to be evidence of multiple scav-
enger types. The damage to the bone, the pattern of damage, and the environmental 
context can all help identify which scavenger may be responsible.

Insects are almost always the first scavengers to arrive at a deceased body. Foren-
sic entomology is the study of arthropods (order Arthropoda), which includes scav-
enging insects, arachnids, centipedes, millipedes, and even crustaceans associated 
with forensic contexts (Houck and Siegel, 2010). Forensic entomology casework can 
include insect infestations of buildings, food products, or even living persons (for 
example, cases of neglect in which insects are found associated with bedsores of rest 
home patients). Most of the emphasis of forensic entomology, however, is on the use 
of insects to aid in the estimation of time since death, season of death, geographic 
origins of remains, the determination of whether remains have been moved follow-
ing death, the identification of possible evidence of trauma, and the detection of the 
presence of drugs (Haskell et al., 1997). The presence of fly maggots, as well as other 
necrophagous (scavenging) insects, on decomposing human remains is a common 
finding, and entomologists are able to use arthropod life cycles and succession (the 
order in which different arthropods arrive at a corpse) of various species to estimate 
time since death.

Fly species in the families calliphoridae (blow flies) and muscidae (house flies), 
as well as sarcophagidae (flesh flies) are often early arrivals to a corpse, and usu-
ally begin to deposit either egg masses (oviposit) or live maggots (larvaposit) 
within the first few minutes to hours following death (Haskell et al., 1997). The 
eggs or larvae go through a series of developmental stages called instars, and then 
transition into a pupal stage. The adult fly will eventually emerge out of the pupa 
casing or puparium. Forensic entomologists collect insects such as adult flies and 
maggots that are in various stages of development to study the insects on a corpse 
(Figure 5.5).

Entomological evidence typically is most useful in the early stages of decomposi-
tion. Other insects, such as dermestid beetles, are commonly found in the later stages 
of decay when fly activity is diminished, often preferring to consume the more dried 
out soft tissues of the body (Haskell et al., 1997). Although a more complete discus-
sion of entomology is beyond the scope of this chapter, it is important to note that 
forensic anthropologists and forensic entomologists commonly collaborate on both 
casework and research related to human decomposition and estimates of the post-
mortem interval. It is also beneficial for forensic anthropologists to be familiar with 
basic procedures for collecting entomological evidence from decomposing human 
remains (Catts and Haskell, 1990).

Many animals of the order Carnivora (“meat eating” mammals) will scavenge 
human remains, as will a number of omnivores. Carnivorous scavengers of human 
remains primarily include canids such as wolves, coyotes, foxes, domesticated dogs, 
cats, as well as omnivores such as bears and pigs (Carson et al, 2000; Rippley et al., 
2012; Berryman, 2002). Scavengers will modify, consume, disarticulate, and dis-
perse soft and bony tissue during the scavenging process (Haglund, 1997a).
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The dentition of carnivores is specialized for gripping and tearing soft tissue, and 
much of the dentition is therefore sharp and pointed, including the canine and carnas-
sial teeth (Figure 5.6). Canines are long pointed teeth lateral to the incisors and are 
used for holding and tearing food (and are occasionally used as weapons). Carnassials 
are modified last upper premolars and first lower molar teeth found in carnivores and 
are used for shearing.

FIGURE 5.5 Insect development on a corpse

(a) Flies arriving at a corpse, (b) eggs, (c) newly-hatched instars, (d) maggots feeding on 
remains, (e) pupa cases, and (f) adult calliphoridae fly

(Images courtesy of Rebecca Hurst)

FIGURE 5.6 Generalized canid dentition

(From Haglund, 1997)
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Carnivore scavenging often leaves characteristic marks on bone (Figure 5.7). 
Punctures are the most diagnostic feature of carnivore scavenging and are pro-
duced when the points of the canine and carnassial teeth penetrate bone and result 
in small perforations. Other types of carnivore tooth marks include pits, scoring, 
and furrows (Haynes, 1980; Haglund, 1997a). Pits are non-perforating indentations 
caused by the tips of teeth. Scoring refers to linear, parallel scratches produced when 
teeth slip and drag over cortical bone. Furrows are channels in bone, usually pro-
duced by cusps of cheek teeth and often extend from the ends of long bones longitu-
dinally into the marrow cavity (Haglund, 1997a). The overall pattern of missing bone 
resulting from carnivore scavenging is also usually distinctive. The internal viscera 
and ends of long bones provide the most nutrition (especially in terms of fat content) 
and are also often the easiest to access and grasp, and hence tend to be consumed 
first. It is therefore common to see missing sternal ends of ribs, and long bones from 
which the proximal and distal ends have been consumed. Scoring systems such as the 
one in Table 5.2 can help document the general pattern of scavenging.

FIGURE 5.7 Carnivore punctures on a scapula

Table 5.2 Stages of carnivore scavenging

Stage Condition of remains

0 Early scavenging of soft tissue with no body unit removal
1 Destruction of the ventral thorax accompanied by evisceration and removal 

of one or both upper extremities including scapulae and partial or complete 
clavicles

2 Lower extremities fully or partially removed
3 All skeletal elements disarticulated except for segments of the vertebral 

column
4 Total disarticulation with only cranium and other assorted skeletal elements or 

fragments recovered

(Adapted from Haglund, 1997a)
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Although they primarily eat grasses, berries, and other vegetation, bears’ diet var-
ies depending on season and location, and they will occasionally eat meat (Figure 5.8),  
including human remains. Bears are more likely than canids to exploit the axial skel-
eton, and have been noted to consume, remove, and damage the vertebral column, 
ribs, and sternum (Carson et al., 2000). There are also a number of scavenging birds, 
such as vultures, that will consume and alter human remains. Vultures will often arrive 
to scavenge shortly after remains have begun to decompose, and have been observed 
to completely skeletonize animal carcasses within 3–24 hours (Reeves, 2009). The 
voraciousness of vulture scavenging, however, may vary significantly depending on 
region and climate (Dabbs and Martin, 2013). Marks left on bones by vultures are 
minimal, primarily including shallow, linear scratches, and damage to the small and 
delicate bones of the face, especially those of the eye orbit (Reeves, 2009).

Rodents (order Rodentia) such as rats, mice, squirrels, and porcupines have been 
associated with human bone modification and accumulation (Haglund, 1997b). The 
incisors of the rodent dentition are specialized, continue to grow throughout life, and 
sharpen each other during gnawing (Moore, 1981) (Figure 5.9). Rodents gnaw on 
bone (and many other substances) in order to provide attrition for their constantly 
growing anterior dentition. This gnawing action typically results in parallel striae in 
cortical bone (Figure 5.10). The pattern of rodent gnawing can vary with a number of 
factors, including the species of rodent, size of the incisors, amount of gnawing, and 
shape of the bone surface. Rodents tend to gnaw on the ends of long bones or bony 
surfaces where one jaw can easily lock, such as muscle attachments and other bony 
processes. The preference for bone densities and fat content varies by rodent species 
(Klippel and Synstelien, 2007).

FIGURE 5.8 Bear scavenging a pig’s carcass

(Image courtesy of Lisa Bright)
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FIGURE 5.9 Rodent gnawing

(From Haglund, 1997)

FIGURE 5.10 Parallel striae on bone from rodent gnawing around orbit
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In aquatic environments, the scavenging populations are significantly different 
(Sorg et al., 1997). Fishes and sharks will typically tear open the skin, and fish gnaw 
especially at ears, lips and other soft tissues of the face. Crustaceans such as large 
shrimp, lobsters, and crabs will tear through muscle leaving crater-like pits of varying 
size. Microscavengers such as beach flies, sea lice, and small shrimp may occur at a 
body in large numbers, and may enter the mouth and pass into the lungs and stomach. 
Gastropod mollusks such as chitons, snails, and abalones also feed on decaying flesh 
and adipocere, and will scrape algae and microbes from bone surfaces. Echinoderms 
such as sea stars and sand dollars have scavenging species that may utilize human 
remains as a food source. There are no aquatic insects with specialized necrophagous 
feeding habits to parallel blow flies and carrion beetles on land, but some aquatic 
insects can be useful in estimating time since death and will typically be found in the 
facial area and body cavities. Floating remains are often subject to aquatic scavengers 
as well as some terrestrial scavengers such as flies and birds.

5.5 Body movement and disarticulation patterns
Particularly for surface or submerged remains (i.e., those that are not buried or oth-
erwise confined), bodies are seldom recovered intact and in anatomical position. 
Rather, remains tend to be disturbed, and become disarticulated and dispersed over 
time. The decomposition of soft tissues will eventually result in the disarticulation of 
all skeletal elements, as the connective tissues that hold the joints together decom-
pose. Transport and dispersal of skeletal elements can be caused by animals, gravity, 
or water and fluvial processes (Marshall, 1989). Regardless of the taphonomic agent 
responsible, this dispersion of the remains tends to be associated with incomplete 
recoveries.

Through the act of scavenging, carnivores and rodents often disturb the remains 
by altering the position of the body or dragging entire limbs from the deposition area. 
Carnivores often drag limbs away from a body, resulting in significant scattering 
(Haglund, 1997a). In addition, rodents may disturb remains by transporting bones 
into burrows or nests. Remains can also become dispersed due to gravity. Remains on 
a relatively steep grade, for example, will tend to move downhill. Crania, due to their 
roughly spherical morphology, are especially susceptible to gravitational movement.

In aquatic environments, remains are subject to a number of different factors that 
affect movement and dispersion. Most bodies will sink when first deposited in water. 
This can be influenced by a number of factors including: body weight and density, tem-
perature, horizontal velocity of the water, and pressure and volume of gases in the tis-
sues (Dilen, 1984). Once on the bottom, the body can be moved due to drag forces from 
wave or current action. The movement of bodies or skeletal remains in aquatic environ-
ments is referred to as fluvial transport. Unless heavily weighted down or firmly caught 
on underwater debris, gases produced by putrefaction will increase buoyancy, and the 
remains will rise to the surface of the water and float. Once floating on the surface, 
body movement can be affected by factors such as surface currents, eddies, and winds. 
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The remains will float until they lose buoyancy through the release of decompositional 
gases, and will then typically sink again. Disarticulation in water is influenced primar-
ily by the nature and relative anatomical position of the joint – more flexible joints 
(which are more affected by wave and current action) disarticulate more quickly than 
less flexible joints. The first to become disarticulated are usually the hands, followed 
by the mandible, cranium, and limbs, with the pelvic girdle disarticulating last. Other 
factors affecting disarticulation include whether remains are floating versus submerged, 
whether there is trauma present, scavengers, wave action, and the presence of clothing.

5.6 Estimating time since death
The estimation of time since death or the postmortem interval (PMI) is important 
because it can narrow the pool of potential decedents thus facilitating identification, 
confirm or refute reports from potential perpetrators, and in some cases can shed 
light on the circumstances of death. Estimating time since death generally involves 
determining the probable rate of postmortem changes to the body and working back-
ward. In cases with a short postmortem interval (i.e., hours or days), methods used 
for estimating time since death (such as algor mortis, rigor mortis, and livor mortis) 
are typically more accurate because early postmortem changes show less variation. 
As the postmortem interval becomes longer (i.e., weeks, months, years, etc.), the 
primary methods used for estimating PMI are the decomposition of soft tissues and 
the modification of skeletal tissues. The potential for variation in the numerous con-
tributing factors results in a decrease in the accuracy of time since death estimates. In 
such cases, estimates may be very broad or perhaps impossible to establish.

The primary determinant of soft tissue decomposition rate is temperature, which 
has been noted to account for more than 80% of the variation in the rate of soft tissue 
decomposition (Nawrocki, 2013; Megyesi et al., 2005). This is due to the fact that 
decomposition depends largely on bacterial proliferation and insect development, 
which are both highly dependent on temperature. For example, bacteria from the 
colon are most active between 60–95°F, so temperatures outside of this range will 
slow the progression of decomposition (Micozzi, 1997).

Other factors that affect the rate of decomposition include humidity, moisture, pH, 
the presence of clothing, the depositional environment (e.g., burial vs. surface), the pres-
ence and extent of animal modification, the presence and extent of perimortem trauma, 
body weight, and the presence and extent of chemicals including those involved in 
funerary practices. Although temperature should be given primary consideration, these 
factors should also be considered when estimating the PMI. It is therefore very impor-
tant to have a thorough understanding of as much of the scene and context as possible.

Early studies to develop anthropological PMI estimation methods attempted to 
establish qualitative “stages” of decomposition based on broad observations of the 
level of (primarily soft tissue) decomposition (see Table 5.3). Although useful for 
general descriptive purposes, these approaches are over-simplified, highly subjec-
tive, do not account for regional variation, and offer little utility in estimating PMI.
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Recent approaches utilizing scoring systems that assess and quantify the progres-
sion of decomposition (e.g., Bass, 1997; Megyesi et al., 2005) have been shown to 
be more reliable and accurate for estimating the postmortem interval. These studies 
have resulted in formulae that can be used to calculate an estimate of PMI, which 
depend primarily on the temperature of the depositional environment (e.g., Megyesi 
et al, 2005; Vass, 2011). Because of the variation in decomposition rates between 
regions, methods specific to a particular area or similar physical or depositional envi-
ronment should be utilized when available.

Because temperature is the primary factor influencing the rate of decomposition, 
the level of decomposition should be calculated with reference to the accumulated 
degree days (or ADD). The ADD represents the sum of the average daily tempera-
tures for a given number of days, typically with reference to a particular temperature 
threshold. In the case of decomposing remains, the temperature below which decom-
position processes cease is not actually known, but 0°C has been utilized as a threshold 
in decomposition studies because freezing temperatures are known to severely inhibit 
bacterial growth (Megyesi et al., 2005). In these calculations of ADD and estimation 

Table 5.3 Generalized stages of decomposition

Stage Features

Fresh Flies are attracted to the body. Egg masses appear in orifices and in 
open wounds. The skin may show a marbled appearance. Fluids may 
be present around the nose and mouth.

Bloat Maggots hatch and skin around the eyes and the nose may be 
missing. Slippage of skin and scalp hair may occur. Abdominal area 
appears bloated due to decompositional gases. Unusual coloration 
pattern and extensive marbling may be present. Significant bodily fluids 
appear from all orifices, often killing surrounding vegetation and leaving 
a decomposition stain. Carrion beetles and mammalian scavengers 
may be attracted to corpse. Odor is very pronounced.

Active decay Bloating has subsided and remains are beginning to show signs of 
desiccation. Beetles replace maggots as dominate insect scavengers. 
Skin may appear mummified, and bones begin to be exposed through 
holes in desiccated tissue. Mold or adipocere may be present on the 
remains if the remains are in a humid or wet environment. Mammalian 
scavengers may remove skeletal elements away from the location of 
initial decomposition. Birds may remove scalp hair to use in nests.

Advanced 
decay

The remains may become completely skeletonized with little odor or 
grease present. Skeleton may shows early signs of sun bleaching or 
weathering. There may be signs of carnivore scavenging or rodent 
gnawing. Mice or wasps may utilize the skull as a nest.

Dry/Skeleton Bone surfaces break down and have an exfoliated appearance. Lon-
gitudinal cracks occur, and external cortex may flake away. Bone will 
appear significantly weathered and will continue to show evidence of 
fragmentation over time.

(Adapted from Bass, 1997)
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of PMI, any temperature below the 0°C threshold would be treated as 0. Because tem-
perature is the most important factor influencing the level of insect activity (i.e., warmer 
temperatures tend to result in more rapid insect development), entomologists also com-
monly use accumulated degree days to estimate the postmortem interval (Haskell et al., 
1997), using minimum temperatures associated with insect activity as a threshold.

In many recent methods for estimating the PMI from the condition of the 
remains themselves, the degree of decomposition is quantified by scoring features 
such as discoloration, bloating, purging, and the amount of soft tissue remaining 
(Tables 5.4–5.6). In some approaches (e.g., Megyesi et al., 2005), different scoring 
systems are applied to different areas of the body (for example: the trunk, head, and 
limbs), resulting in a summed score called a Total Body Score (TBS). This score 
is then used to estimate the accumulated degree days using the following formula 
(including the standard error of the regression):

 "%% � ��(�.��� � 5#4 � 5#4 � ����) � ���.�� 

For example, a set of remains with a TBS of 15 would be calculated as:

 "%% � ��(�.��� � �� � �� � �.��) � ���.�� 

 "%% � ���.�� � ���.�� 

The resulting number represents the accumulated degree days that would be 
required for the individual to reach the stage of decomposition represented by the 
TBS. To estimate the time since death, this result needs to be compared to local aver-
age daily temperatures where the individual was discovered (i.e., the closest weather 
station data). Working backward from the day that the remains were scored, the daily 

Table 5.4 Scores for decomposition of the trunk

Score Description

1 Fresh, no discoloration
2 Pink-white appearance with skin slippage and marbling present
3 Gray to green discoloration, some flesh relatively fresh
4 Bloating with green discoloration and purging of fluids
5 Release of gases, discoloration changing from green to black
6 Decomposition of tissue producing sagging of flesh
7 Moist tissue with bone exposure over less than one half of the area being scored
8 Dry tissue with bone exposure over less than one half of the area being scored
9 Bones with decomposed tissue, fluids and grease still present
10 Dry tissue, bone exposure over more than one half of the area being scored
11 Bones largely dry, but retaining some grease
12 Dry bone

(Modified from Megyesi et al., 2005)
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average temperatures are summed until the calculated ADD is reached. The number 
of days required to reach the ADD represents the interval since death in days.

Botanical methods can also be used to estimate time since death. Examples include 
the analysis of plant debris found within burials, which may indicate when that area 
of soil was disturbed, accumulation of floral debris within parts of the skeleton such 
as the cranium (Figure 5.11), or the association of plants in a particular configuration 
with surface skeletal remains. The age of plants that have grown through foramina on 

Table 5.5 Scores for decomposition of the head and neck

Score Description

1 Fresh, no discoloration
2 Pink-white appearance with skin slippage and some hair loss
3 Gray to green discoloration, some flesh relatively fresh
4 Brown discoloration, drying of nose, ears, lips
5 Purging of fluids via orifices, some bloating may be present
6 Brown to black discoloration
7 Caving in of flesh and tissues of eyes and throat
8 Moist tissue with bone exposure over less than one half of the area being 

scored
9 Dry tissue with bone exposure over less than one half of the area being scored
10 Greasy tissue with bone exposure over more than one half of the area being 

scored
11 Dry tissue and bone exposure over more than one half of the area being 

scored
12 Bones largely dry, but retaining some grease
13 Dry bone

(Modified from Megyesi et al., 2005)

Table 5.6 Scores for decomposition of the limbs

Score Description

1 Fresh, no discoloration
2 Pink-white appearance with skin slippage of hands and/or feet
3 Gray to green discoloration, marbling, some flesh relatively fresh
4 Brown discoloration, drying of fingers, toes, projecting extremities
5 Brown to black discoloration, skin having leathery appearance
6 Moist tissue with bone exposure over less than one half of the area being scored
7 Dry tissue with bone exposure over less than one half of the area being scored
8 Remaining tissue and fluid, bone exposure over one half of the area being scored
9 Bones largely dry, but retaining some grease
10 Dry bone

(Modified from Megyesi et al., 2005)
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skeletal elements, for example, may provide clues to the time since skeletonization, 
since the soft tissue would had to have already been absent for the plant to grow there 
(Figure 5.12). In cases where possible botanical evidence is associated with skeletal 
material, the expertise of a forensic botanist should be sought.

Decomposition in aquatic environments occurs through the same chemical pro-
cesses as remains on land (autolysis and putrefaction), but typically at a somewhat 
different rate and with different affecting factors. Due primarily to the cooler tem-
peratures associated with water compared to land, decomposition normally occurs 
at about half the rate in water as it would on land. Certain aspects of the water 

FIGURE 5.11 Layered leaf litter recovered from cranium

FIGURE 5.12 Root growing through vertebral canal
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chemistry will affect the decomposition rate similarly to those on land. For example, 
stagnant water (which is typically associated with a higher bacterial content) will 
tend to accelerate decomposition. Salinity and pH of the water will also affect the 
decomposition rate (Christensen and Myers, 2011). Decomposition tends to occur 
more quickly in fresh water than in salt water due to the lower bacterial content in 
salt water. Factors affecting decomposition rate that tend to differ from terrestrial 
depositional environments include body movement due to wave and current action, 
buoyancy and sink/float cycle, and different local flora and fauna. For bodies that 
have resurfaced,  developing terrestrial flies can be useful in estimating time since 
resurfacing.

Algal growth rates are strongly correlated with time since submersion. Nutrients 
released during decomposition affect algal growth, providing a substrate upon which 
algae can colonize and grow. The presence of barnacles may also provide evidence 
of time since skeletonization, because the size and morphology of a barnacle is cor-
related with its age. Adult barnacles generally remain attached to the same substrate 
throughout their lifetime (usually 3–5 years).

Estimating the postmortem interval can be challenging due to the large number of 
associated factors that need to be considered, as well as the complexity of most recov-
ery scenes. Although formulae have been proposed for calculating PMI, it is difficult 
for any formula to account for all of the factors that contribute to variation in postmor-
tem changes. Many methods for estimating the PMI are available in other scientific 
disciplines such as forensic entomology, forensic geology, and forensic botany. A mul-
tidisciplinary approach is usually most likely to result in the most accurate estimate of 
the PMI.

5.7 Additional considerations in forensic taphonomy
Although not yet widely utilized techniques, soil chemistry and certain biomarkers 
may be related to the postmortem interval and therefore have utility in estimating 
time since death and other forensic questions. For example, the appearance of certain 
acids that are theorized to be components of decomposition byproducts may indicate 
the presence of decomposing tissue in an area, and may indicate whether a body had 
decomposed in a particular area (Vass et al., 2000), even if it has since been moved 
from that location. The presence of certain biomarkers found in decomposing tissues 
such as the liver, kidney, brain, heart, and muscle tissue have been shown to have a 
relationship with time since death (Vass et al., 2002). These approaches, however, 
require fairly sophisticated sample preparation and analytical instrumentation and 
more rigorous validation, and are therefore not currently widely used.

Although microbes are known to be significant players in decomposition and post-
mortem change, the various roles of specific microbial organisms are just beginning 
to be understood. Recent studies have succeeded in characterizing human microbial 
communities, and suggest that individual microbial communities are highly variable 
and may contribute to some of the variation seen in decomposition (Costello et al., 
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2009; Damann and Carter, 2013). Bacterial organisms noted to be present in bone 
during late-stage decomposition may also be involved in bioerosion of the skeleton 
(Damann and Carter, 2013). Much more research in this area is needed, but initial 
studies suggest that there is much that can be understood about decomposition by 
examining the microbes involved in this process.

In addition to the various other factors affecting postmortem change discussed in 
this chapter, humans may also play significant roles as taphonomic agents. Perpetra-
tors of a crime, for example, may alter remains in order to avoid detection or inhibit 
identification of the remains. This may involve dismemberment, the application of 
chemicals, or burning the remains. Postmortem changes may be related to funerary 
practices, such as embalming or cremation, which can act to either preserve or sig-
nificantly alter or reduce remains. The recovery process (see Chapter 6) can result in 
damage or modification to remains. For example, the use of construction equipment 
to locate remains, or careless probing or excavation practices can result in skeletal 
damage. Humans also sometimes modify and utilize bones for cultural or religious 
practices and rituals (Box 5.4).

BOX 5.4 PALO MAYOMBE, SANTERIA, AND TAPHONOMY
Palo Mayombe and Santeria are religious traditions of Afro-Caribbean origin (Gill et al., 
2009). Both are practiced in areas of the United States, particularly Florida and New York, 
where large populations of these cultural groups have immigrated. The practice of Santeria 
often involves ritual activity using animal and artifact offerings, while the practice of Palo 
Mayombe often involves the use of human remains in altars or receptacles. In many cases, 
the human remains used in these rituals are of historic origin and were acquired by grave 
looting (rather than foul play). Taphonomic indicators suggesting historic origin for the 
remains typically involved in these cases are: the presence of soil staining, cortical exfolia-
tion, anatomical hardware, sediment found in cranial foramina, and minor postmortem 
damage on the cranial base or dentition.

Ritualistic cauldrons and remains (Gill et al., 2009)
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5.8 Case study – forensic taphonomy
In 2007, human remains were recovered from a shallow hillside grave in northern 
California. The skeleton was incomplete, primarily because large-bodied carnivores 
had scavenged the remains after removing them from a shallow burial. The decedent 
was estimated to be between 14 and 17 years of age, and most likely of European 
(white) ancestry. The decedent was later identified as a 16-year-old white male. 
Multiple skeletal elements showed evidence of taphonomic damage consistent with 
scavenging by canids. Alterations included missing bone, punctures, and grooves 
affecting the left radius, the left femur, the left and right tibiae and fibulae, several 
ribs, and several hand and foot elements (Figure 5.13). In addition, the enamel of 
several teeth was fractured (Figure 5.14). This can occur as a result of the drying out 
of the pulp chamber and tooth dentin, causing a separation at the dentino-enamel 
junction.

The tooth fractures later became important in the trial of the person accused of 
the decedent’s murder. The prosecution’s forensic dental expert witness testified 
that the teeth were fractured prior to or near the time of death, presumably caused 
by the accused. The forensic anthropology expert witnesses for both the prosecution 
and the defense, however, testified that the teeth were fractured after death (i.e., as a 
result of a taphonomic process) based on the fact that the fractures propagated from 
inside the tooth to the external surface. This finding was important, because evidence 

FIGURE 5.13 Carnivore scavenging damage on foot bones
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of dental fractures near the time of death would have suggested trauma inflicted by 
the accused and supported a first degree murder conviction. The jury accepted the 
anthropological testimony that the dental fractures most likely were taphonomic in 
origin, and the case resulted in a second degree murder conviction. This case study 
points to the importance of having a thorough understanding of taphonomic modi-
fications of human remains, and the ability to distinguish taphonomic change from 
trauma that may have been related to the death event.

5.9 Summary
 •  Forensic taphonomy is the study of postmortem processes which affect the 

preservation and recovery of human remains and that help reconstruct the  
circumstances surrounding the death event.

 •  Many taphonomic processes affect the state of preservation of remains, including 
decomposition, diagenesis, scavenging, movement, and the actions of other humans. 
Environmental factors such as temperature, humidity, and pH also influence the 
state of preservation.

 •  Forensic anthropologists study human decomposition to understand which 
taphonomic agents affected human remains, to aid in reconstructing the 
death event at a scene, and for estimating the time since death or postmortem 
interval.

 •  Decomposition occurs through autolysis and putrefaction. The soft tissues are 
modified first, and observable changes include algor mortis (body cooling), livor 
mortis (blood pooling), and rigor mortis (muscle stiffening).

 •  Human remains go through a series of decompositional stages that are some-
what predictable, with temperature being the primary factor responsible for the 
decomposition rate. Other factors in the local environment may also contribute 
to variation in decomposition rates.

FIGURE 5.14 Tooth fractures resulting from taphonomic processes
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