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Abstract 

 From May through October of 2012, four pig carcasses (Sus scrofa) were used in an 

experimental study. Two of the carcasses were used as controls, one was placed in a shallow 

burial and the fourth was left out in the open for complete access by avian and terrestrial 

scavengers. Modifications to the pig carcasses were documented through daily observations and 

two motion-sensing digital cameras. Feral hogs were not observed during this study but vultures 

and canids were. Two species of vultures, the Turkey vulture (Cathartes aura) and the American 

black vulture (Coragyps atratus) were observed scavenging on the remains three and a half hours 

after placement. The open access subject was completely skeletonized after approximately 

twenty six hours of vulture scavenging. The scavenging activity of vultures resulted in shallow 

penetrating scratches left on the bone as an indicator of their presence along with their scat and 

feathers being present at the scene. The accelerated rate of decomposition that occurs during 

vulture scavenging is important to consider. The canid (Canis familiaris) was observed during 

the later stages of decomposition and is attributed with the pitting, scoring and crenulated edges 

on the skeletal remains. Both of these scavengers are important taphonomic factors and must be 

considered when determining an accurate postmortem interval at vulture and canid modified 

scenes. 

KEYWORDS: Forensic science, taphonomy, scavenging, feral hogs, vultures, canids   
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CHAPTER 1 

 

INTRODUCTION 

 

Forensic anthropology is defined as the discipline that applies both the scientific 

knowledge from archaeology and physical anthropology to the analysis and collection of legal 

evidence (Burns, 2007; Dirkmatt, 2012, Sorg, 2005). Forensic anthropologists recover, describe, 

and identify the skeletal remains of the victim but the role of the forensic anthropologist has 

broadened vastly from its beginnings of skeletal analysis (Krogman and Iscan, 1986; Burns, 

2007; Sorg, 2005) to other areas such as entomology, decomposition, taphonomy and the effects 

trauma has on the body (Sorg, 2005).  

 Forensic anthropology began as a sub-discipline of physical anthropology, and although 

it is still considered a young discipline (Reichs, 1997), important skeletal observations were 

being developed long before there were any legal applications for them (Burns, 2007). The 

beginning of forensic anthropology is typically attributed to Dr. Thomas Dwight, an anatomist 

during the late 19
th

 century who was interested in how an individual’s bones can provide the 

person’s identity (Byers, 2002; Ferllini, 2002). It is because of this interest that Dr. Thomas 

Dwight has been given the title, “Father of Forensic Anthropology in the United States” (Burns, 

2007; Byers, 2002; Stewart, 1979; Pickering and Bachman, 1996). 

 The first use of forensic anthropology in the legal realm is from 1850 in the Webster and 

Parkman trial. Two Harvard anatomists, Oliver Holmes and Jeffries Wyman, were called to 

examine the skeletal remains that were discovered in the anatomy lab (Byers, 2007). Holmes and 
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Wyman reassembled the skeletal remains and testified that they matched the description of 

Parkman (Burns, 2007; Byers 2002, Pickering and Bachman, 1996). In 1939 Wilton Krogman 

published a Guide to the Identification of Human Skeletal Material (Byers, 2002; Stewart, 1979, 

Pickering and Bachman, 1996, Dirkmatt and Cabo, 2012; Sorg, 2005). This publication 

summarized all of the information that physical anthropologists knew about the human skeleton 

at that time (Byers, 2002). Forensic anthropology began to emerge as a distinguishable discipline 

in the 1970s with major help from proponents like T. Dale Stewart, William Bass and Clyde 

Snow (Burns, 2007; Byers, 2002; Dirkmaat, 2012) who established the Physical Anthropology 

section of the American Academy of Forensic Sciences, developed research facilities and 

furthered the advancement of research in skeletal analysis (Byers, 2007; Pickering and 

Bachmann, 1996; Dirkmatt and Cabo, 2012; Sorg, 2005).  

 Since forensic anthropology has widened its range of interests, research topics, and its 

involvement in legal cases, the taphonomy that occurs when an individual dies has become 

increasingly important. When an individual dies and is not discovered immediately after death, 

the individual is subjected to a wide range of taphonomic events, such as fluvial transportation, 

animal scavenging and mummification (Haglund and Sorg, 1997, 2001; Sorg, 2005) that can 

later complicate the forensic anthropologist’s skeletal analysis. These events typically lead to 

questions by the investigators. Dirkmaat and Cabo (2012) present such questions as “Why are 

some of the bones missing, damaged or modified?” and “How long has the body been at the 

scene?” Taphonomic research aids the forensic anthropologists in answering these types of 

questions. This is accomplished by taphonomic research that is able to reconstruct and establish a 

postmortem interval, or PMI, estimate based on the condition of the skeletal remains and the 

context in which they were recovered (Haglund and Sorg, 1997, 2001; Sorg, 2005). Since these 
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are the types of questions forensic anthropologists are being asked by themselves and other 

investigators it is important for all the different areas of taphonomy to be researched further.  

The word taphonomy was developed by a paleontologist named J.A. Efremov who 

described it just like the words’ Greek roots, burial laws (Efremov, 1940; Lyman, 1994; Haglund 

and Sorg, 1997; Haglund, 2005; Micozzi, 1991; White, 1992; Dirkmatt, 2012; Beary and Lyman, 

2012). Taphonomy which began in paleontology is applicable to forensic anthropology because 

it aids in estimating the time and circumstances surrounding death, identifies postmortem 

circumstances related to human identification and distinguishes factors related to the 

preservation of human remains and evidence (Haglund and Sorg, 1997). Taphonomy documents 

the remains complete history after death (Haglund, 2005). If more research is available for the 

different types of taphonomic processes that can occur in different areas and environments, then 

a more reliable postmortem interval (PMI) can be determined. An accurate postmortem interval 

is necessary for forensic anthropologists to determine the victim’s estimated time of death.  

One of the taphonomic processes that is shown to aid the forensic anthropologist in 

establishing a postmortem interval is scavenging by animals. The benefit animal scavenging 

provides while establishing the postmortem interval is due to animals altering the rate of 

decomposition, modifying the bone, and scattering the skeletal remains away from the original 

scene (Willey and Snyder, 1989; Hill, 1979; Haynes, 1980 and 1982, Sutcliff, 1970; Morse et al., 

1983; Pickering and Bachman, 1996; Lyman, 1994). A wide range of animal species will 

scavenge on carrion and skeletal remains, and it is because of this wide range of animals that 

different types of skeletal changes arise. The different types of animals that scavenge remains 

need to be researched further, so that the postmortem damage that occurs can be credited to the 

correct animal species. 
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Several taphonomic studies have been done on the effect animal scavenging has on the 

postmortem interval since scavenging alters the rate of decomposition, the succession of insects 

and the contextual evidence (Willey and Snyder, 1989). The majority of these studies have 

focused on the taphonomic effect dogs and coyotes have on the rate of decomposition and the 

modification or damage done to the skeletal remains (Willey and Snyder, 1989; Hill, 1979; 

Haynes, 1980 and 1982; Lyman, 1994). This focus is due to the fact that carnivores and rodents 

are the typical animals that skeletal damage is attributed to but some of the documented 

scavengers include hyenas, canids, raccoons, pigs, vultures, crows, bears and rodents (Morse et 

al., 1983; Haglund and Sorg, 1997; Haynes, 1983; Sutcliff, 1970; Reeves, 2004; Spradley et al, 

2011; Moss, 2012). Very few of these taphonomic studies have focused on the effect Sus scrofa 

(feral hogs) can have on the postmortem interval, and the skeletal damage that can occur through 

their scavenging (Berryman, 2001; Morse et al., 1983). Considering the wide distribution of feral 

hogs across the United States and other areas of the world, much more research needs to be done 

on the taphonomic effect they have on carrion and more importantly to the field of forensic 

anthropology, their effect on skeletal remains. A few studies have focused on the effect vultures 

can have on the postmortem interval, and the skeletal modifications that arise through their 

scavenging (Reeves, 2008; Moss, 2012; Spradley et al, 2011). Different species of vultures are 

distributed throughout the world and more forensic anthropology research needs to be done on 

the taphonomic effect vultures have on human remains.  

Feral hogs and vultures are distributed widely across the United States and are known to 

be scavenging animals that will scavenge on human remains, although little research has been 

conducted on the topics. The purpose of this research is to analyze and identify the taphonomic 

effects feral hogs and vulture scavenging has on the rate of decomposition and the bone 
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modifications that arise due to this scavenging. This study will examine the taphonomic effect 

feral hogs and vultures have on the rate of decomposition, analyze any markings that are left on 

the bones and where the bones are deposited during the course of their scavenging. It is expected 

that feral hog and vulture scavenging will accelerate the process of decomposition, leave 

distinguishing marks on the skeletal remains through their scavenging process and that the 

remains will be scattered away from their original placement area. Any modifications to the 

remains or changes to the post mortem interval that arises at a scene where there have been feral 

hog or vulture scavenging must be considered by forensic anthropologists and investigators. 
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CHAPTER II 

 

LITERATURE REVIEW 

 

Taphonomy is defined by Haglund and Sorg (1997:13) as the: 

…part of forensic anthropology which focuses on reconstructing events 

 during and following death by collecting and analyzing data about the  

depositional context, discriminating peri- and postmortem modification 

 of the remains, and estimating the postmortem interval. 

 

Taphonomy began in paleontology with the purpose of studying the geological record to obtain a 

better understanding of the biological evolution of species and the ecology of the past (Lyman, 

1994; Efremov, 1940; Dirkmatt, 2012; Haglund, 2005). Although taphonomy began in 

paleontology the concept has since spread to archeology, zoology, paleoethnobotanists and 

forensic anthropologists (Lyman, 1994; Haglund, 2005).  

Taphonomy History in Anthropology 

Taphonomic studies in the field of anthropology began with paleoanthropologists and 

archeologists studying the fauna interpretations related to hominin history (Haglund, 2005; Sorg, 

Haglund and Wren, 2012; Ubelaker, 1997; White, 1992). Archeologists wanted to know how to 

correctly recognize hominid productions on faunal bones, because the majority of claims that 

man used and modified bones were based on shape modifications (Binford, 1981; Beary and 

Lyman, 2012; White, 1992; Dirkmaat and Passalacqua, 2012). These modifications included 
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flaking, retouching, polish and abrasions (Binford, 1981). Through several taphonomic studies it 

has been shown that non-hominid scavengers, fluvial transportation and weathering can have the 

same effects on faunal bones as those that are seen in the archeological record (Binford, 1981; 

Haglund and Sorg, 2005; Hill, 1976). This is why research in taphonomy is so important in the 

forensic context, and for the purpose of this paper, the taphonomic research on animal 

scavenging. Scavenging by animals can accelerate the rate of decomposition, destroy perimortem 

evidence, scatter remains, modify the bone and mimic man-made productions.  

Sus Scrofa Background Information 

Sus scrofa, more commonly referred to as feral hogs, belong to the family Suidae and are 

distributed throughout the world, ranging in type from wild, feral or domesticated (Mayer and 

Brisbin, 1991; Schmidt and Schmidt, 1994; Nicholson, 1987). Sus scrofa were introduced to the 

Americas by early Spanish explorers in the 1500s (Mayer and Brisbin, 1991; Taylor, 2007; 

Schmidt and Schmidt, 1994) where they were used as a source of meat and lard for the 

colonizers (Hanson and Karstad, 1959). During the fight for Texas Independence, many of the 

hogs were released by their owners or escaped, leading to a large increase in their population size 

(Taylor, 2007). 

 In the 1930s another hog was introduced to Texas and other regions in the Southeastern 

United States from Europe. This hog was known as the “Russian boar” or the “Eurasian wild 

boar” and was imported for sport hunting (Taylor, 2007). Many of these Russian boars ended up 

escaping from the game ranches where they were hunted and breeding with other feral hogs 

(Taylor, 2007). The feral hogs that are present in the United States today closely resemble their 

Eurasian wild boar ancestors in their behavior and physical appearance (Nicholson, 1997; 
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Taylor, 2007). As seen in Figure 1 and 4 an adult feral hog may reach a shoulder height between 

two and three and a half feet, a length of three to five feet and weigh from one hundred to over 

four hundred pounds, with the males generally being larger than the females (Taylor, 2007; 

Nicholson, 1987; Schmidt and Schmidt, 1994). Unlike the domesticated pigs whose tails are 

typically curled, the feral hog’s tail is straight (Nicholson, 1987; Taylor, 2007). The snout of the 

feral hog is called a snout disk and acts as a shovel when the pig is rooting in the soil (Schmidt 

and Schmidt, 1994). The snout is also what provides the feral hog with its keen sense of smell 

(Schmidt and Schmidt, 1994; Nicolson, 1987; Taylor, 2007). Their sense of smell is so keen that 

they can smell a human from a quarter mile away (Nicholson, 1987) and root out food that is 

buried more than two feet below the surface (Morse et al. 1983). Feral hogs have four 

continuously growing canines or tusks. These tusks are used by feral hogs when they are fighting 

and rooting for food under the soil (Nicholson, 1987; Schmidt and Schmidt, 1994).  

  

Figure 1. Sus Scrofa 
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Feral hogs are omnivores, eating both plants and animals. The feral hog’s diet typically 

consists of grasses, roots, fruits, acorns, insects, reptiles and carrion (Taylor, 2007; Hanson and 

Karstad, 1959; Schmidt and Schmidt, 1994; Nicholson, 1987; Pullar, 1950). They have even 

been known to consume garbage. Feral hogs are generally nocturnal during the summer months 

and are nocturnal year round in areas where humans are in close proximity (Nicholson, 1987; 

Taylor, 2007). Feral hogs feed and live in family groups called drifts or sounders (Nicholson, 

1987; Schmidt and Schmidt, 1994; Taylor, 2007). The drifts consist of adult females, juveniles, 

piglets and one adult male. The adult males that are not dominant and do not have a drift are 

excluded except during the breeding season (Nicholson, 1987; Schmidt and Schmidt, 1994).  

Feral hogs are known to be highly adaptable animals and live in environments ranging 

from forested areas, open plains, mountains to semiarid (Nicholson, 1987; Schmidt and Schmidt, 

1994; Taylor, 2007; Pullar, 1950). Feral hogs are distributed throughout at least 20 states in the 

United States with the estimated population in the 1980s ranging from 500,000 to 2 million 

(Mayer and Brisbin, 1991). Of the 20 states with feral hog populations, Texas has the highest 

population with the largest densities being located in East, South and Central Texas (Taylor, 

2007; Mayer and Brisbin, 1991). In 2007 the estimated population of feral hogs in Texas was 1.5 

million. This distribution of feral hogs in Texas can be seen in Figures 2 and 3. The large 

population in Texas is attributed to their high reproductive potential, disease eradication, and 

their lack of natural predators (Taylor, 2007). Humans are the main enemy or predator of feral 

hogs. This is due to feral hogs being hunted by humans for sport and professional animal control 

(Nicholson, 1987). Since humans are feral hogs only major predator and they are capable of 

producing two litters per year once they reach six months of age, their population is expected to 

continue growing exponentially (Nicholson, 1987; Schmidt and Schmidt, 1994; Taylor, 2007). 
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Figure 2. Distribution of Wild Pig Populations in Oklahoma and Texas. Adaptation from 

original published in SCWDS, 1988 and Mayer and Brisbin, 1991.  

- Rare or absent 

- Less than 10 per square mile 

- More than 10 per square mile 
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Figure 3. Distribution of Feral Hogs in Texas from the year 1990. Shaded area, hogs present. 

Adaptation from the original published in “The Feral Hogs in Texas” Taylor, 2007. 
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 The large population of feral hogs in Texas has become a problem in recent years for 

landowners and other species of wildlife. The feral hogs search for their food by rooting and 

trampling the ground, feral hogs are seen in Figure 4 within the research area and appear to be 

searching for food.  This activity damages agricultural fields, crops, irrigations systems, and 

livestock feeding and watering facilities. Feral hogs also destabilize and cause destruction to 

habitats; feral hogs will root and wallow in wetland areas destroying springs and creeks. They 

destroy forests and damage trees while marking their territory and looking for food sources 

(Taylor, 2007). Feral hogs have also been known to prey on small farm animals (Mayer and 

Brisbin, 1991).  

 

Figure 4. Feral hogs located on the research area grounds 
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Mammalian Scavenging 

 The majority of animal scavenging research that has been conducted has focused on 

mammals. In this mammalian scavenging research a preponderance of the research has looked at 

scavenging by rodents (Mann et al., 1990; Haglund et al. 1988), dogs (Mann et al., 1990; Willey 

and Snyder, 1989; Haglund et al. 1989; Haglund et al. 1988), coyotes (Haynes, 1985; Haglund et 

al. 1989), and hyenas (Sutcliffe, 1970; Haynes, 1983) and bears (Merbs, 1997; Haynes, 1983 and 

1985; Carson et al. 2000; Griffel and Basile, 1981; Haynes, 1983). 

 The research that has been conducted on mammalian scavengers indicates that in the 

United States domestic dogs (Canis lupus familiaris) and coyotes (Canis latrans) are frequent 

scavengers (Willey and Snyder, 1989). Dogs and coyotes are described by Haglund (1997) as 

modifying and consuming the soft tissues, disarticulating the remains, modifying the bones, 

scattering the remains, altering the evidence as well as the overall scene. Since dogs and coyotes 

are frequent scavengers of carrion and human remains, a sequence of their scavenging process, 

resulting in the disarticulation and dismemberment of human remains has been established by 

Haglund (1997). There are five stages to the scavenging process ranging from stage 0 to 4. Stage 

0 consists of soft tissue scavenging mainly around the face and neck; this stage ranges from four 

hours to fourteen days after death. In stage 1 the canids move from the face to the ventral thorax, 

typically damaging the sternum, clavicle and ribs during this process. It is during this stage that 

the upper extremities are removed including the clavicle and scapula. This stage puts the 

postmortem interval between twenty two days to two and a half months. In stage 2 the lower 

extremities are partially or fully removed from the rest of the skeleton. This stage occurs between 

two and four and a half months after death. In stage 3 all of the skeletal elements, except for the 

vertebral column, are disarticulated, and they are typically scattered and damaged. Stage 3 puts 
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the postmortem interval between two months and eleven months. Stage 4 is the complete 

disarticulation of the skeleton with only the cranium and assorted skeletal elements and 

fragments being recovered. This stage occurs between five and fifty-two months after the death 

occurred (Haglund and Sorg, 1997). An overview of these stages can be seen in Table 1 which is 

an adaptation from Haglund (1997). 

 

Table 1. Stages of Canid Scavenging 

Stage Scavenging Postmortem Interval Range 

0 Soft Tissue Scavenging 4 hours-14 days 

1 Ventral Thorax Damage and 

Upper Extremity Removal 

22 days- 2.5 months 

2 Lower Extremity Removal 2- 4.5 months 

3 Skeletal Disarticulation except 

Vertebral Column 

2-11 months 

4 Complete Disarticulation 5-52 months 
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Another sequence for the scavenging of remains was developed by Blumenschine while 

analyzing the consumption of 260 carrion carcasses (Blumenschine, 1986). This sequence is a 

general consumption sequence for all animal species, not just canids specifically as in Haglund’s 

sequence. Based on Blumenschine’s research there are six stages to the general consumption 

sequence. The first stage is named the hindquarter flesh, referring to the region of the body 

including the tibia, femur, pelvis and lumbar. The second stage, forequarter flesh includes the 

ribcage, cervical vertebrae, scapula, ulna, radius and humerus. The third stage, head flesh entails 

consumption of the mandible, maxilla and tongue. Stage four is named the hindlimb marrow and 

describes the consumption of bone marrow from the tibia, femur, metatarsals and phalanges. The 

fifth stage is forelimb marrow and entails the consumption of bone marrow from the radius, 

humerus, metacarpals and phalanges. The final sixth stage is named head contents, and this stage 

describes the consumption of the maxilla, mandible and frontal pulp as well as the brain 

(Blumenschine, 1986).  

There are major differences between the two scavenging sequences that were developed 

by Haglund (1997) and Blumenschine (1986). Haglund’s sequence begins with the scavenging of 

the soft tissues of the face while Blumenschine’s sequence has consumption of the face as the 

third stage. Blumenschine’s sequence describes the first stage as consumption of the hind 

quarters which is Haglund’s third stage of the scavenging sequence. Both of the sequences end 

with the complete disarticulation of the skeleton but Blumenschine’s sequence goes into greater 

detail about the consumption of the bone marrow and bones while Haglund uses the stages to 

describe the order in which each area of the remains will become disarticulated.   

 As mentioned previously as animals scavenge on the remains, they are modifying the 

bones. Due to the modifications that arise while scavenging, Lewis Binford has recognized four 
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distinct types of tooth marks. These tooth mark types include punctures, pits, scores and furrows 

(Binford, 1981; Haglund and Sorg, 2001; White and Folkens, 2005; Lyman, 1994). Punctures are 

described as the bone collapsing under the pressure of the animal’s tooth; these typically occur 

on the weakest surface of the bone (Binford, 1981; Lyman, 1994; Byers, 2002; Crader, 1983). 

Pitting can also be referred to as gnawing. The bone is stronger than the tooth but depressions on 

the surface of the bone can still occur (Binford, 1981; Haynes, 1980; Lyman, 1994; Byers, 2002). 

Scoring is when the bone is dragged across the scavenger’s teeth while it is being turned. This 

leaves surface scarring on the bone (Binford, 1981; Berryman, 2001; Lyman, 1994; Byers, 

2002). Furrows occur when the animal holds the bone tightly in different areas for periods of 

time creating steplike irregularities (Binford, 1981; Haynes, 1980; Lyman, 1994; Byers, 2002) or 

drag marks (Crader, 1983). Binford (1981) also identified crenulated edges. This is the ragged 

and uneven edges typically seen on the shafts of the long bones due to the teeth removing part of 

the bone (Lyman, 1994; Crader, 1983). This extensive gnawing on the epiphyseal ends of the 

long bones can lead to scooping out (Crader, 1983). This occurs when the long bone becomes 

hollow due to removal of the bone marrow.  

Taphonomic Studies Regarding Pigs 

 Few taphonomic studies that have focused on pigs or feral hogs being carrion scavengers 

have been completed. An observation by Galdikas showed wild pigs in Indonesia scavenging on 

the remains of an orangutan. In this particular case the entire body cavity had been consumed 

leaving the subject’s ribs, vertebrae and scapulae exposed (Galdikas, 1978). Galdikas reported 

that the carcass had also been dragged back and forth across the ground. This all occurred about 

twelve hours after the orangutan’s death. The wild pigs were observed returning to the 

orangutan’s carcass and trying to drag it off until the observers interfered in their activities 
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(Galdikas, 1978). In this observation the wild pigs arrived twelve hours after the orangutan’s 

death but feral hogs have been observed by Pullar (1950) feeding on carrion carcasses that have 

been dead for several days (Hanson and Karstad, 1959). 

 Morse, Duncan and Stoutamire reported their taphonomic experiment using caged wild 

pigs in 1983. (Morse et. al., 1983). In this experiment the ends of the smaller bones showed 

crushing damage. This damage was attributed to the pigs placing the smaller bones in the back of 

their mouth and grinding the bone (Morse et al., 1983).  Morse, Duncan and Stoutamire reported 

that the larger bones were dragged about the cage but that no damage on the bones was observed 

(Morse et al., 1983).  

 In a field case, reported by Berryman, human remains were found in Tennessee near an 

open hog pen. The scavenger activity on the remains resulted in the mandible, cervical vertebrae 

three through six, the majority of the left hand, wrist, phalange bones and both pubic bones to be 

missing (Berryman, 2001). Several fractures occurred on the victim’s face with many regions of 

the facial bones missing from the scene. Fractures were also present on both clavicles and the 

sternum. Almost all of the sternal rib ends had crushing damage due to scavengers feeding on the 

viscera (Berryman, 2001). The right pubic rami were described as having crushing and depressed 

bone fragments with irregular fractures. The superior left ala of the sacrum and the anterior 

surface also contained crushing damage. The left ulna and right radius had damage to the distal 

ends, while the right femur was missing the inferior margin of the head and the lesser trochanter 

had some crushing damage (Berryman, 2001). Berryman identified several areas on the bone that 

Binford described as scoring (Binford, 1981). The areas of the skeleton that showed scoring 

include the skull, thorax, pelvis and tibia. Berryman attributed these to the mandibular incisors of 

the pig while scraping the soft tissue from the bone (Berryman, 2001).  
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Vulture Scavenging 

 Recent studies have shown that vultures, which are abundant in the research area, can 

clean a carcass in three to twenty seven hours after the initial twenty four hours following death 

(Reeves, 2008). While a follow up study on vultures showed no vulture activity for the first 37 

days and then skeletonization after five active hours of feeding (Spradley et al., 2011). This study 

also showed that the human skeleton was displaced by the vultures over an area of 83.6 square 

meters (Spradley et al., 2011). Research done by Reeves shows vultures cause penetrating and 

non-penetrating scratches on the bone surface of skeletal remains (Reeves, 2008). Both of these 

studies were conducted at the Forensic Anthropology Center-Texas State (FACTS) located in 

San Marcos, Texas. Another study that was conducted in Huntsville, Texas at the Southeast 

Texas Applied Forensic Science (STAFS) facility showed different result. In this study vultures 

did not skeletonize the human subjects in one day of intense feeding and therefore did not 

accelerate the rate of decomposition (Moss, 2012). Moss also found that vultures can cause 

shallow penetrating scratches on the bone and observed punctures on the bones from either the 

beak or talons (Moss, 2012). During the scavenging of the soft tissues Moss observed frayed 

fibers of the muscles and connective tissues (Moss, 2012).  

 According to Morse et al. (1983) the turkey vulture has a weak beak that is unable to rip 

the skin of fresh remains and must wait for the decomposition process to soften the soft tissue. 

Black vultures are reported to have stronger beaks than the turkey vultures and can scavenge 

from fresh or badly decomposed remains (Morse et al. 1983). Dr. Joan Stevenson reported that 

vultures can deflesh a recently killed animal very quickly. Dr. Stevenson also states that the 

animal carcass can be moved by a group of vultures tugging at the flesh and the small bones can 
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be transported a short distance by flight (Morse et al. 1983). This study stated that vultures were 

unable to physically damage the bone (Morse et al. 1983).  

 A study by B.S. Hockett on North American raptors, which includes vultures, found that 

they frequently damaged innominates and broke the tibia leaving only the diaphysis (Lyman, 

1994). The occipital of the skull was frequently broken, and there were punctures behind the eye 

sockets produced by the raptor’s beak and talons. Hockett found the mandible’s ascending ramus 

to be broken or to have punctures as well (Lyman, 1994).  

Vulture Background Information 

 Vultures are part of the larger group of birds known as the birds of prey. The main 

difference between vultures and the other birds of prey species is that the vultures’ diet consists 

of primarily carrion (Barth, 2000; Parry-Jones, 1997). Vultures are known to possess very few to 

no feathers on their head and neck. This adaptation allows the vulture to stick its head further 

inside the carrion to eat while not contaminating their feathers (Barth, 2000; Markle, 2005; 

Laubach et al. 2002). Located within the research area there are two common species of vultures, 

the Turkey vulture (Figure 5) and the American Black vulture (Figure 6). Turkey vultures and 

black vultures typically locate and feed on carrion during the mid-morning to mid-day hours 

(Rabenold, 1989). Both turkey vultures and black vultures are known to thrash through areas of 

moist sand in search of buried carrion (Rea, 1983). The turkey vulture and the black vulture are 

part of the New World group of vultures, and they are reported to have weak feet. It is due to 

these weak feet that the turkey vultures and black vultures will brace their feet on the carrion and 

the use their strong beaks to tear the carrion’s flesh (Parry-Jones, 1997; Barth, 2000).  
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 The turkey vultures (Cathartes aura) inhabit the entire region from southern Canada to 

South America (Laubach et al.2002, Wilbur, 1983; Grady, 1997; Latimer and Nolting, 1999). 

Turkey vultures are classified as migratory birds but they inhabit the southern United States year 

round (Laubach et al. 2002).  Turkey vultures prefer lightly timbered to open grassland 

environments (Lees and Christie, 2001; Laubach et al. 2002). The turkey vulture averages around 

sixty-six centimeters (cm) in length, with a wingspan ranging from a hundred and eighty to two 

hundred cm and a weight of two thousand grams (Lees and Christie, 2001). Turkey vultures are 

reported to have excellent eyesight and a keen sense of smell due to their large olfactory lobe 

(Lees and Christie, 2001; Markle, 2005; Parry-Jones, 1997; Latimer and Nolting, 1999). This 

heightened sense of smell allows turkey vultures to locate carrion quickly, which in turn leads to 

the American black vultures following the turkey vultures to their feeding site. Since turkey 

vultures tend to search for their food independently instead of in groups (Latimer and Nolting, 

1999), they are typically dominated by the large number of black vultures when they arrive at the 

feeding site (Lees and Christie, 2001). 
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Figure 5. Turkey Vultures 

 

Figure 6. American Black Vulture 
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American black vultures (Coragyps atratus) are the most common vulture species in the 

Western Hemisphere and they inhabit the region between the southern United States and the 

southern area of South America year round (Wilbur, 1983; Ferguson-Lees and Christie, 2001; 

Grady, 1997; Laubach et al. 2002). Black vultures are more frequently associated with human 

habitations than turkey vultures; they can typically be seen on the side of roadways eating 

carrion (Wilbur, 1983; Ferguson-Lees and Christie, 2001). Black vultures also live in lightly 

wooden areas, near rivers and garbage dumbs (Ferguson-Lees and Christie, 2001). Black 

vultures average fifty-five to sixty-five centimeters in length, with a wingspan ranging between 

one hundred and forty to one hundred and fifty centimeters and an average weight of 2000 grams 

(Grady, 1997; Ferguson-Lees and Christie, 2001; Laubach et al. 2002). Black vultures are known 

to be smaller but are reported to be more aggressive than the turkey vultures (O’Donnell, 2007; 

Latimer and Nolting, 1999). Black vultures will typically search for their food in a flock; this 

search method increases their intimidation level when they follow a turkey vulture to a feeding 

site. (Latimer and Nolting, 1999). 

Decomposition Rate 

 Five stages of decomposition were developed through research by Alison Galloway 

(1997). The five stages of decomposition that remains progress through include the fresh stage, 

the early decomposition stage, the advanced decomposition stage, the skeletonization stage, and 

the extreme decomposition stage.  
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Fresh 

The fresh stage also known as the early postmortem period begins at the subject’s initial 

moment of death when all vital functions cease and can extend to the seventh day after death 

(Galloway, 1997). During the fresh stage there is no insect activity observed (Galloway, 1997). 

During this stage an individual’s skin color will begin to lighten, referred to as pallor. This 

occurs because oxygenated blood is not being circulated throughout the body. Muscles including 

the sphincters relax which can result in fecal soiling and the regurgitation of gastric contents 

(Clark et al., 1997). The three processes known as rigor mortis, algor mortis and livor mortis 

occur during the fresh stage. Rigor mortis is the postmortem stiffening of the muscles due to 

chemical changes and this process is accelerated by heat. Algor mortis is the cooling of the body 

from 98.6°F to the ambient temperature. The generally accepted cooling rate is 1.5 degrees per 

hour; algor mortis can typically be recognized two hours after death. Livor mortis, more 

commonly known as lividity, is the gravitational pooling of blood on the down side of the body. 

Lividity changes from red to purple as the oxygen is removed from the red blood cells (Clark et 

al., 1997). 

 

Early Decomposition 

 Early decomposition typically occurs between the day after death and the fifth day. This 

stage is associated with a large number of maggots located on the remains (Galloway, 1997; 

Byers, 2002). The early decomposition stage is identified by the pink-white appearance of the 

skin with slippage and the loss of the hair (Galloway, 1997; Byers, 2002). The next step in this 

stage is typically the bloating of the abdominal cavity and a strong odor emanating from the 

remains (Galloway, 1997; Byers, 2002). The final step of the early decomposition stage is the 
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abdominal gases erupting and darkening the remains (Galloway, 1997). The process of the 

abdominal gases erupting is called putrefaction. Putrefaction is “the degenerative biochemical 

pathway of organism destruction from internal bacteria. The release of nutrients from autolyzed 

cells coupled with the decreased intercellular pH from loss of the buffer system creates a rich 

environment for endogenous bacterial proliferation” (Love and Marks, 2003: 167). During this 

stage a sulfide gas is released which reacts with the iron in the blood to form the black 

precipitate, ferrous sulfide. Due to these chemical changes the dermis will change from its 

normal shade, to green, to different shades of dark brown over time (Love and Marks, 2003; 

Galloway, 1997). The active decay in this stage is characterized by large maggot masses, a 

strong odor emitting from the body, and the soft tissues of the body having a greasy appearance 

(Komar and Buikstra, 2008). 

 

Advanced Decomposition 

Advanced decomposition is third in the rate of decomposition stages and it typically 

begins between a few days to two weeks after death and lasts around two months (Galloway, 

1997).  The beginning step of this stage is the caving in of the abdominal cavity accompanied by 

the sagging flesh and maggot activity (Galloway, 1997). This stage is characterized by moist 

decomposition with some of the bones being exposed as well as mummification of the tissues 

and the development of adipocere (Galloway, 1997; Byers, 2002).  

 

Skeletonization 

The fourth stage is skeltonization which takes place about two months after death and is 

when the remains only contain desiccated tissue and the skeletal elements continue to be exposed 
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(Galloway, 1997). In this stage fifty percent of the skeletal elements are fully exposed. The bones 

during this stage can range from greasy to dry. Some mummified and desiccated tissue can still 

be present on the remains as long as more than one half of the skeletal remains are exposed 

(Galloway, 1997). It is during this stage that the ligaments and tendons of the skeleton will 

continue to deteriorate, usually from the head downward further disarticulating the skeleton 

(Clark et al., 1997). 

 

Extreme Decomposition 

Skeletal remains progress to the fifth stage, extreme decomposition several months to a 

year after death (Galloway, 1997). In this stage the skeletal remains continue to disarticulate and 

the exposed bones will begin to bleach and exfoliate (Galloway, 1997). The cortex of the bone 

also begins to crack and age during this stage (Love and Marks, 2003) due to weathering of the 

exposed remains (Galloway, 1997). There are no insects or odor associated with this final stage 

of decomposition (Komar and Buikstra, 2008).  

 

 From the previously discussed research studies it is apparent that animal scavengers have 

an immense effect on the taphonomic processes that are applied to remains. Animal scavengers 

accelerate the decomposition process and therefore affect the postmortem interval. They can also 

cause bone modifications and scatter the remains throughout the scavenging process. The 

taphonomic effects that two known scavengers, feral hogs and vultures, have on remains has not 

been fully researched or observed but there are several studies that have analyzed both of these 

species lifestyles and their feeding behaviors. 
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CHAPTER III 

 

MATERIALS AND METHODS 

 

 This research study was conducted at a private residence located in Elkhart, Texas. This 

research site is located in Anderson County which is considered East Texas and is located less 

than five miles north of Elkhart, Texas. This research area is seventy-four miles from the STAFS 

facility at Sam Houston State University in Huntsville, Texas; one hundred and three miles from 

Houston, Texas; and two hundred and eighteen miles from the FACTS facility at Texas State 

University in San Marcos, Texas.  

Sus scrofa were used in this research study instead of human cadavers which were not 

available. The substitution of human cadavers with Sus scrofa is common in forensic 

anthropology research. In a study done by Micozzi (1991) the decay rates of several animals 

were compared to the decay rates of human remains. The results of this study suggest that Sus 

scrofa is the most suitable replacement for human remains, because of the similarities in the 

decomposition rate, skin and intestinal flora (Micozzi, 1991; Campobasso et al., 2001). The 

substitution of human remains by pigs has been used and the similarities have been confirmed in 

several studies prior to Micozzi and after (Payne, 1965; Haglund and Sorg, 2002; Reeves, 2008). 

A total of four pig carcasses were used in the research experiment and were all obtained from 

local hunters who frequently hunt and eliminate the feral hogs in the area that intrude on their 

land. The pig carcasses that were used for the study were selected based on their comparable 

weight to an adult human.  
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Research Area 

 Elkhart, Texas, is classified as a humid subtropical climate with the average summer 

temperatures ranging between the mid-eighties and the high nineties (Caraway, 2012). The 

average annual rainfall is forty inches (Caraway, 2012). The soil type in Elkhart where the 

decomposition experiment took place is Yazzo Sandy-Loam (Carter and Kocher, 1905; Caraway, 

2012). Yazzo Sandy-Loam is characterized as having a variable texture with a depth of about ten 

inches. The soil consists of a brown sandy loam that is underlain by black clay; this soil is 

formed with deposits from the river (clay) and the sandy soil from the upland (Carter and 

Kocher, 1905). The elevation of the land is three hundred and twenty-four feet. The dominant 

vegetation in this region includes pine trees, white oak, red oak, sweet gum, elm, and hickory 

(Caraway, 2012).  

 The specific site of the research was a secluded, partially shaded area with some 

overhead foliage. The area surrounding the research site is a vast wooded area and approximately 

seventy-five yards downhill from the research site is a large pond. On this site, two control cages 

were placed, a two foot burial hole was dug, and a clear area for the open access subject was 

established near a datum.   

 

Research Trials 

The first trial covered one hundred and thirty three days from May 22
nd

 to October 1
st
 of 

2012. Two pig carcasses were obtained on May 22
nd

 immediately after their death. The first 

subject was a female that weighed approximately one hundred and fifty pounds, with a length of 

four feet four inches and a width of eighteen inches, the age of the subject is unknown. The 

second subject was a male that weighed approximately one hundred and twenty pounds, a length 
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of three feet ten inches and a width of fourteen inches, the age of the subject is unknown. Both of 

the subjects were placed at the research site within two hours of their death. The first pig carcass, 

Subject 1, was placed in a 10 x 10 chain length pen. The pen was covered in chicken wire to 

prevent avian and terrestrial scavengers and included a lock on the door that was reinforced by 

an elastic cord connected to the pen expanding across the entrance. This subject served as the 

control for the rate of decomposition (Figure 7). All of the research subjects were exposed to the 

same flora, natural elements and insects. Each of the subjects were monitored daily for the 

duration of the research.  

 

Figure 7. Trial 1 Subject 1, Control Pig Carcass on 05/22/12 
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The second carcass, Subject 2, was placed in a 2 feet deep by 5 feet wide burial pit 

(Figure 8). This subject was designed to allowed terrestrial and avian access, with the idea being 

that terrestrial scavengers would expose the subject for other terrestrial and avian scavengers. 

This subject had remained buried throughout the duration of the study and was dug up on 

October 1
st
 after 133 days. The remains were not collected at the time of exposure to allow 

further decomposition to occur and for more research data to be obtained. A motion-sensing 

digital camera was secured to a wooden post and directed at the subject to capture any animal 

activity or movement.  

 

 

 

Figure 8. Trial 1 Subject 2, Buried Pig Carcass, before being covered on 05/22/12 
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The second trial covered one hundred and seven days from June 17
th

 to October 1
st
 of 

2012. For the second trial I obtained two feral hog carcasses immediately after their death. Both 

of the subjects in this trial were placed within two hours of their death. The first carcass, Subject 

3, was a female weighing approximately one hundred and forty pounds, with a length of three 

feet and three inches and a width of thirteen inches. The subject is estimated to be a year old.  

Subject 3 was placed in a 6 x 3 chain length pen to prevent avian and terrestrial scavenger 

activity (Figure 9). This subject served as a control for the rate of decomposition for Subject 4. 

This subject was not collected on October 1
st
 in order to allow more research data to be obtained.  

 

 

Figure 9. Trial 2 Subject 3, Control Pig Carcass on 06/17/12 
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The second carcass of the trial, Subject 4, was a male weighing approximately one 

hundred and eighty pounds, with a length of four feet five inches and a width of eighteen and a 

half inches. The subject is estimated at two years old.  This subject was placed on the ground 

completely in the open to allow avian and terrestrial scavenger activity to occur (Figure 10). A 

motion-sensing digital camera was secured to a tree and directed at the exposed subject to 

capture any animal scavenging and movement that occurred. The subject was collected on 

October 1
st
 for analysis of the skeletal remains.  

 

Figure 10. Trial 2 Subject 4 and 3, Exposed and Control Subjects on 06/17/12 
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To observe any animal activity that would occur near the research subjects two scouting 

game cameras were purchased and secured to a nearby wooden post or tree and directed towards 

the subjects. The game scouting cameras are designed to record any movement that it detects 

through the camera’s motion sensors. The two scouting cameras purchased were Wildview 

Extreme 2.0 Megapixel Toggle-Switch Scouting Cameras. One of the scouting cameras was set 

to take three photographs each time it sensed motion and was on a one-minute time delay 

between each photograph series. The second scouting camera was set to take one photograph 

each time it sensed motion and was on a one-minute time delay between each photograph. The 

cameras could detect motion at night through an infrared sensor; each camera contained a 

fifteen-foot flash allowing nighttime photographs to be taken. The two scouting cameras had a 

date, time and moon phase feature stamped on each photograph that is taken. The date and time 

information were extremely important for the creation of timelines of scavenger presence, their 

activity and their feeding behavior. Each of the scouting cameras recorded the digital images 

onto a 2 gigabyte memory card. These images were transferred to a computer file when the 

memory card was near its capacity. The cameras were powered by disposable “C” size batteries 

that were replaced when the scouting cameras indicated the batteries were low.  

Additional daily photographs were taken with a handheld Olympus Stylus Touch digital 

camera. Individual daily observations documenting the stage of decomposition, any changes to 

the tissues, scavenging activity, the distribution of the remains and insect activity were recorded 

in a designated research notebook and through photographs. The stage of decomposition that 

each subject was in during each day of observation was determined by following Galloway’s 

(1997) five stages of decomposition. The stage of decomposition the subjects were in was known 

by recognizing significant changes within each stage that Galloway had identified through 
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previous research. The recording of the decomposition stage is important because animal 

scavenging affects the rate of decomposition.  

The daily observation logs from the field were transferred from the research notebook 

and into a Microsoft Word document. All of the photographs taken by the Wildview Extreme 

scouting cameras and the Olympus digital camera were saved to a personal computer, a HP 

Pavilion dv6, in a picture file specifically designated for this research study. All of the pictures 

were organized by the date the photograph was taken and by the research subject that was the 

focus. The weather and temperature for the region was obtained from a permanent weather 

station located in Palestine, Texas, which is located approximately fifteen miles from the 

research area. The temperature surrounding the carrion was obtained by using a portable 

thermometer and the weather conditions through direct observations. The accumulated degree 

days were calculated using the method developed by Megyesi et al. and Micozzi (Megyesi et al., 

2005; Micozzi, 1991). 

 A datum point was established near the open access subject’s research area before the 

start of the study. Once the open access Subject 4 was placed into the research area, 

measurements from the datum to specific points on the subject were taken and a map was drawn 

showing the exact location of the remains on the ground. Subsequent measurements were taken 

throughout the study to show the spatial distribution of the skeletal remains caused by animal 

scavenging.  

 Once the remains of the open access subject 4 had been scavenged and skeletonized, they 

were cleaned in warm water. All of the markings left on the skeletal remains by scavenging were 

then analyzed, recorded and photographed. The designations for the different types of bone 

modifications observed on the remains were compiled by identifying them according to 
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Binford’s (1981) four distinct types of tooth marks and Reeves’ (2008) identification of shallow 

penetrating scratches caused by vultures. As mentioned previously the four types of tooth marks 

identified by Binford include punctures, pits, scores and furrows and each of the four have 

distinguishing characteristics. 
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CHAPTER IV 

RESULTS 

 

“Hic locus est ubi mortui viveuntes docent” 

This is the place where the dead teach the living. 

  

Each of the four subjects are reported separately and will include pertinent information 

related to the arrival of animal scavengers, the feeding behavior and feeding duration of the 

scavengers, the pattern of disarticulation, bone modifications and the subjects’ rate of 

decomposition. 

Subject 1 

 Subject 1 was the control subject for the first trial that included the shallow burial, 

Subject 2. After just twenty four hours Subject 1 was beginning to bloat and had flies located in 

the nose and mouth and had entered the second stage of decomposition, early decomposition. 

The accumulated degree days for Subject 1 to reach early decomposition was 52.77. On day 

three the subject was in full bloat and vultures had located the research area and were observed 

sitting on top of the control subject’s pen, unable to reach the subject. By day five the subject 

was covered in maggot masses, with a pink appearance to the skin and a significant amount of 

hair lost. On day ten the abdominal cavity had begun to recede and cave inwards signaling the 

advanced decomposition stage. The accumulated degree days for Subject 1 to reach the advanced 

decomposition stage was 268.84. By day seventy the subject had reached the late stages of 
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advanced decomposition. Areas of the remains had become disarticulated and the exposed bone 

had become sun-bleached but fifty percent of the subject’s skeletal remains were not exposed. 

By the final day of the research study, October 1
st
, Subject 1 had not entered into the next stage 

of decomposition, skeletonization. Subject 1 still had desiccated tissue attached to more than half 

of the skeletal remains (Figure 11). The majority of the desiccated tissue was located on the 

subject’s vertebrae and pelvic bones.  

Vultures were observed near Subject 1’s pen throughout the duration of the study but 

were never able to gain access. Their scat and feathers were also observed in the control pen and 

on the subject itself. The main insects that were present during Subject 1’s decomposition were 

blow flies, maggots, beetles and ants. The specific species of these insect types were not 

identified for the study but their presence and absence were noted. Blow flies were present from 

day 1 of the study until the final day of observation with only a few days of absence during the 

daily observations. Maggots were observed from the fourth day until the twenty fifth. The beetles 

and ants were observed on the remains periodically throughout the study.  

Some of Subject 1’s remains became disarticulated during the study. The first 

disarticulation occurred on day twenty five with the disarticulation of a front left hoof 

subsequently followed by the other hoofs. The proximal end of the fibula became disarticulated 

from the tibia and distal end of the femur on day sixty six. On day seventy the subject’s left 

humerus became disarticulated from the left scapula. On day eighty four the right and left 

metatarsals disarticulated from the distal end of the tibia.  Once the previously mentioned bones 

became disarticulated the bones were observed in the same position throughout the duration of 

the research.  
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Figure 11. Trial 1 Subject 1, Last Day of Observation on 10/01/12 

 

Subject 2 

 Subject 2 was the shallow burial experiment of the first trial. On the third day of the 

research study the dirt above the subject had expanded (Figure 12). This signaled the subject was 

in bloat and on the second stage of decomposition, early decomposition. The accumulated degree 

days for Subject 2 to reach the early decomposition stage was 80.54. On day seven blow flies 

and ants were observed on the ground above the subject. By day forty of the study the ground 

above the subject was beginning to sink inwards. On day one hundred and nineteen ants were 

observed tunneling into the ground above Subject 2’s burial. Besides the observed insect activity 

previously mentioned no other scavenging activities or disturbances were observed.  



38 
 

On the last day of the research study, day one hundred and thirty three, Subject 2 was 

excavated. During the excavation process clumps of hair were observed approximately six to 

seven inches beneath the ground level. As the excavation process continued several of Subject 

2’s ribs were uncovered along with adipocere (Figure 13). Upon this observation of adipocere 

the excavation of Subject 2 was stopped. During the excavation flies and beetles were observed 

on the subject. Based on the observations at the time of excavation Subject 2 is in the third stage 

of decomposition, advanced decomposition. Subject 2 was left exposed to allow further 

observations and data collection to be obtained. 

 

Figure 12. Trial 1 Subject 2 and 1, In Bloat on 06/24/12 
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Figure 13. Trial 1 Subject 2, Ribs and Adipocere on 10/01/12 

 

Subject 3 

 Subject 3 was the control subject for the second trial that included the open access 

subject, Subject 4. After just twenty four hours Subject 3 was beginning to bloat and flies were 

observed in the nose and mouth signaling the beginning of the early decomposition stage. The 

accumulated degree days for Subject 3 to reach the early decomposition stage was 53.04. By day 

three the subject was covered in maggots and the subject’s hair was beginning to sloth off. By 

day four the subject’s skin had become discolored on the face, arms and legs. On day six the 

phalanges had become disarticulated from the metacarpals. By day seventeen the skin had begun 

to sag and some bones had become exposed through moist decomposition. This marked the 

beginning of the advanced decomposition stage. The accumulated degree days for Subject 3 to 
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reach the advanced decomposition stage was 479.63. On day twenty five the distal end of the 

femur became disarticulated with the proximal end of the tibia and fibula. Flies and beetles were 

present throughout most of the advanced decomposition stage. On day thirty eight the 

metatarsals and phalanges disarticulated. On day ninety four after two days of rain mold was 

observed on the desiccated skin tissue and exposed bone. This persisted until day ninety seven. 

On the last day of observation, one hundred and seven, the subject was still in the advanced 

decomposition stage of decomposition with more than half of the subject covered in desiccated 

tissue and less than fifty percent of the skeletal remains being exposed (Figure 14).  

 

Figure 14. Trial 2 Subject 3, on 10/01/12 the Last Day of Observation 
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Subject 4 

 Subject 4 was the open access experiment of the second trial. On the first day of the study 

approximately four and a half hours after the initial placement the subject’s eyes were gone, the 

right ear had been nipped and a section of the right hind leg had been scavenged and exposing 

the bone of the right tibia. The first sign of vulture activity observed through the motion 

activated cameras occurred three and a half hours after the initial placement with the arrival of a 

turkey vulture. On the second day of the study approximately thirty vultures were observed upon 

approach of the daily observation and several vulture feathers were on the ground near the 

subject. Three turkey vultures were the first to arrive on the second day at 7:43 in the morning. 

By 10:36 am there were six turkey vultures and four black vultures present at the site and feeding 

on the subject. Vultures were observed feeding until dark (8:33 pm) and arrived at first light 

(7:06 am) on the third day of the study. The vultures remained at the subject feeding until 8:00 

pm. During the third day of observation several areas of the subject’s hair was gone and the 

subject’s hind legs had been moved slightly from the initial placements location. On the fourth 

day of the research study vultures arrived at 6:11 am and were present until 5:34 pm. After 

approximately twenty six hours of feeding the subject was reduced to bones and skin (Figure 15). 

Some of the remains were still articulated by connective tissue. The accumulated degree days for 

Subject 4 to reach skeletonization was 105.81. At the time of Subject 4 becoming skeletonized 

through vulture scavenging the control, Subject 3 was in in the early decomposition stage in the 

bloating process (Figure 16). On the thirty-first day Subject 4 had progressed to the extreme 

decomposition stage based on the continued disarticulation, scattering and sun-bleaching of the 

skeletal remains. The accumulated degree days for Subject 4 to reach extreme decomposition 

was 872.35. 



42 
 

 The mandible was the first skeletal element to be disarticulated from the open access 

carcass followed closely by the cranium. The next skeletal elements to be disarticulated were 

some of the subject’s ribs and vertebrae. Vultures were observed visiting the subject consistently 

for the first twenty six days but the number of vultures present at the site significantly declined 

after the fifth day of observation. Vultures were captured visiting the scene up to fifty eight days 

after the initial placement.  

On the forty fourth day of observation a canid, domesticated dog (Canis lupus familiaris) 

appeared near the subject. The same canid was observed at the site several times after this 

(Figure 17) but never seen by the motion cameras picking up and gnawing on any of the remains. 

Vultures were only observed scavenging on the remains during daylight hours. The motion 

cameras were activated several times during the late night hours but no scavengers were 

observed in the photographs.  

Throughout the entire study the skeletal remains continued to be disarticulated and 

scattered up to seventy five yards away from the initial placement. On the last day of observation 

the measurements from the established datum to each recovered skeletal element was recorded. 

The subject’s cranium had been moved six feet and five inches from the initial placement 

measurement and the mandible had been moved eight feet. The right humerus was recovered 

sixty one feet away from the initial placement site and the ulna was sixty eight feet away. The 

subject’s ribs and vertebrae were typically not scattered far from the initial placement site unlike 

the long bones. The skeletal remains of Subject 4 recovered from the research area are seen in 

Figure 18.  
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Figure 15. Trial 2 Subject 4 Skeletonization, on 06/20/12 Day 4  

 

Figure 16. Trial 2 Subject 4 Skeletonized and Subject 3 in Bloat 
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Figure 17. Domesticated dog in research area 

 

Figure 18. Recovered Skeletal Remains of Subject 4 
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Table 2. Summary of the Four Subjects 

Subject Weight  

lbs. 

Date/Time of 

Placement 

Date/Time of 

Scavenger 

Arrival 

Total time 

spent feeding 

Date of 

Skeletonizati

on 

Subject 1-

Control 

150 05/22/12 3:15pm N/A N/A N/A 

Subject 2- 

Burial 

120 05/22/12 3:15 pm N/A N/A N/A 

Subject 3- 

Control 

140 06/17/12 12:15pm N/A N/A N/A 

Subject 4- 

Open Access 

180 06/17/12 12:15 pm 06/17/12 3:35pm 26 hours 06/20/12 

 

Bone Modification 

 Examination of all collected skeletal remains from Subject 4 indicated that canids and 

vultures do leave evidence of their scavenging activities on the bones. Several different types of 

markings were observed on the skeletal remains according to Binford’s four types of tooth marks 

and Reeves’ shallow penetrating scratches. The first type of bone modification observed was 

scoring on the humerus shaft and some of the vertebrae (Figure 19) and ribs. Pitting was 

observed on the distal end of each humerus, the distal end of the femur (Figure 20), the distal end 

of a metacarpal and a vertebra. Crenulated edges and splinting were observed on all of the 

recovered long bones (Figure 21) and the distal end of a rib. The long bones include both humeri 

shafts, the proximal end of the tibia, the distal and proximal end of the femur.  Shallow 

penetrating scratches were observed on the maxilla, sphenoid, mandible, scapula, vertebrae 

(Figure 22 and 23), ribs and a metacarpal.  
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Figure 19. Scoring on Vertebra 

 

Figure 20. Pitting on Distal End of Femur 
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Figure 21. Crenulated Edges on the Distal End of Long Bone 

 

Figure 22. Shallow Penetrating Scratches on Vertebrae  
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Figure 23. Shallow Penetrating Scratches on Vertebrae 
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CHAPTER V 

 

DISCUSSION 

  

The purpose of this study was to determine the taphonomic effect feral hogs and vultures 

have on carrion, with these results then being transferred to human remains. Four subjects were 

used to test this research question. Two of the subjects, Subject 1 and 3 were used as controls for 

the buried and open access subjects. The results of this research indicate that feral hogs had no 

effect due to their complete absence during the entire observational period. Although feral hogs 

were not present, vultures and canids were observed. Both vultures and canids left significant 

damages and markings on the skeletal remains. The two motion sensing cameras used during the 

study provided useful data that could not have been documented without their presence.  

From this research study it is clear that vultures significantly accelerate the rate of 

decomposition since the canid was not observed until forty days after the skeletonization of 

Subject 4 had occurred. Turkey and Black vultures were both observed scavenging on the 

carcass and are equally credited with the acceleration. When Subject 4 had been skeletonized by 

the effects of vulture scavenging the control, Subject 3 was in the bloat step of the early 

decomposition stage.  

Through this research study several types of bone modifications were documented on 

Subject 4. All of these modifications have been attributed to the Turkey and Black vultures along 

with the domesticated dog observed at the research site. The pitting, scoring and crenulated 

edges were attributed to the domesticated dog based on previous research of skeletal damage 

cause by canid scavenging (Haglund, 1997; Binford, 1981). The shallow penetrating scratches 
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that were first identified by Reeves (2008) during research of vulture scavenging followed by 

Moss (2012) were also observed on Subject 4’s remains. The irregular linear lines are indicative 

to an investigator that vulture scavenging has occurred and that postmortem interval has likely 

been accelerated. Through photographic observations the vultures were seen bracing their feet 

upon the carcass and using their beaks to tear away the subject’s flesh. Because of this the 

shallow penetrating scratches cannot be attributed specifically to the vulture’s beak or talons. 

Although carrion is a documented food source for feral hogs (Taylor, 2007; Hanson and 

Karstad, 1959; Schmidt and Schmidt, 1994; Nicholson, 1987; Pullar, 1950) none were observed 

scavenging during this study. Feral hogs have also been observed scavenging on human remains 

and causing modifications to the skeletal remains (Morse et al, 1983; Berryman, 2001). Although 

in both of these observations the remains were either placed into the pen with the pigs (Morse et 

al, 1983) or directly outside of an open pig pen (Berryman, 2001). The feral pigs did not need to 

locate the remains unlike in this research study. It has been previously stated that feral hogs have 

a keen sense of smell  (Morse et al, 1983) and that they can smell a human from a quarter mile 

away (Nicholson, 1987). In an area, such as the research area, where feral hogs are hunted down 

by humans they will avoid any human interaction even by becoming nocturnal animals year 

round (Taylor, 2007; Nicholson, 1987). Due to the daily observations by humans at the research 

site the smell of human beings could have kept the feral hogs from coming to the research site 

and scavenging the remains. This could also explain why the feral hogs were not observed with 

the burial trial, Subject 2. This subject was buried in a two foot hole based on published data that 

feral hogs could locate and root out food two feet below the surface (Morse et al, 1983). Based 

on the published data previously mentioned it was thought that feral hogs would be present in the 

research study and that they would have a significant effect on the remains. Although it has also 
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been stated by Wilbur and Jackson (1983) that very few animals including dogs and feral hogs 

will compete with vultures for badly decomposed remains.  

The present research study has confirmed some previously conducted vulture and canid 

research. Subject 4 was skeletonized in approximately twenty six hours of scavenging which 

agrees with Reeves (2008) that the carcass is clean between three and twenty seven hours of 

feeding and that the rate of decomposition is accelerated. The waiting period that Reeves (2008) 

reported of vulture scavenging not occurring until twenty four hours following death was not 

observed in this study. Vultures were present and scavenging three and a half hours after 

placement or four and a half hours after death.  

Turkey vultures were the first to arrive followed by Black vultures who quickly 

dominated over the Turkey vultures. This behavior between Turkey and Black vultures is 

consistent with previous observations of their interactions over food sources (Latimer and 

Nolting, 1999). Vultures were not present for the shallow burial, Subject 2, even though they are 

known to thrash through sand in search of carrion (Rea, 1983). The Yazzo-Sandy Loam soil has 

clay characteristics which might have been too hard for the vultures’ talons to thrash through. 

Spradley et al. (2011) reported the scattering of skeletal remains by vultures over an open 

area of 83.6 meters. In the present study the remains were scattered over a partially woodened 

area of 22.36 meters. Although this scattering is a smaller area, it cannot all be attributed to 

vultures since there was canid interaction. Before the canid was observed in the research area 

several measurements of the skeletal elements positions had been taken. Twenty days before the 

canid was observed at the research area the remains had been scattered up to seven meters from 

the initial placement site. The differences between the two studies could be due to the 
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environment of the research area, the length of time the subjects were observed and the 

introduction of the canid scavenger to the present study. 

Due to the late arrival of the canid scavenger, the consumption sequence that was 

developed by Blumenschine (1986) was not followed. The canid entered at the third stage 

identified by Blumenschine with the disarticulation of all skeletal remains except for the 

vertebral column and the remains being scattered and damaged. Blumenschine estimated the 

PMI for this stage as two to eleven months but occurred in this study at a month and a half. The 

fourth stage described as the complete disarticulation of the remains and only assorted skeletal 

fragments recovered occurred at three and a half months instead of the estimated five to fifty two 

months. 

The shallow penetrating scratches that were observed by Reeves (2008) and Moss (2012) 

were also observed and attributed to vulture scavenging in this study. Although based on the 

photographic observations obtained in this study it cannot be determined if these marks are the 

result of the vulture’s talons or beak. The pitting, scoring and crenulated edges observed on the 

skeletal remains were consistent with previous studies done on canid scavengers (White, 1992; 

Haglund, 1997; Binford, 1981). The gnawing that is done by canid scavengers is known to 

destroy the bone; this could explain why more shallow penetrating scratches caused by the 

vulture scavenging were not observed. The areas of skeletal remains containing shallow 

penetrating scratches could have been destroyed by the subsequent canid scavenging. This 

information should be considered by investigators in areas where vulture and canid species are 

present because both scavengers accelerated the rate of decomposition and modify the bone. The 

taphonomic effect that both vultures and canids have on the remains should be known and 

looked for by the investigator to determine a more accurate postmortem interval.  
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CHAPTER VI 

 

CONCLUSIONS 

 

 Feral hogs which are present throughout the entire Southern United States of America 

and are known to be omnivores that feed on carrion were not present during this research study 

and therefore had no effects on the carrion subjects. There are several reasons that feral hogs 

might not have been present during this study but the exact reason for their absence cannot be 

determined. Some of the reasons for their absence could include the high presence of human 

activity in the research area. As previously mention in areas such as the research site, where feral 

hogs are frequently hunted they will try to avoid human interactions. The need to avoid human 

interaction and the ample food supply that is located in the area surrounding the research site 

could explain why no feral hogs were observed in the research area even though they had been 

previously. Another reason for their absence could be attributed to their resistance to eat their 

own species. Feral hogs are documented scavengers of carrion but the previously mentioned 

research studies do not indicate if they are cannibals. Feral hogs or other types of scavengers 

might not have been present for the buried experiment, Subject 2 because the subject was buried 

two feet below the surface. This depth is too deep for insects to penetrate and this depth could 

possibly be too far below the surface for any scavengers to smell or locate the remains.   

Feral hogs were not present during the research study but vultures and canids were. The 

results obtained from this study suggest that vultures have a significant effect on the rate of 

decomposition, the skeletal remains and the overall scene. The arrival of the canid during the 



54 
 

later stages of decomposition suggests that when scavengers are not present during the early 

stages of decomposition they do not have an effect on the rate of decomposition but they do 

affect the skeletal remains and the scene. These results could have significant implications when 

applied to forensic anthropology cases. During the summer in East Texas, a subject weighing 

approximately one hundred and eighty pounds can become fully skeletonized in as little as four 

days or twenty six hours of vulture scavenging. This accelerated rate of decomposition, the 

presence of vulture scat and feathers at the scene, the bone modifications and the scattering of 

remains all need to be considered when estimating a postmortem interval. The presence of other 

scavengers such as the canid in this study must also be considered. Scavengers that arrive later in 

the decomposition process can eliminate any bone modifications that were present, cause more 

disruption to the scene and scatter the bones further.   

 Further research may provide details on the effects feral hogs have on carrion and how 

these effects translate into the forensic context. This future research should focus on areas where 

feral hogs are present and the interaction with humans is low. It should also be in an area where 

there is not an ample food supply to determine if feral hogs will scavenge remains. Further 

research also needs to be conducted on the effect vultures have on the rate of decomposition and 

modifications to the skeletal remains. Research that focuses on other species of vultures that 

occur in different environments and that can distinguish if it is the vulture’s beak or talon that is 

responsible for the shallow penetrating scratches.  
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