
 

 
 

Flatland Forensics: Analyzing Insect Succession on Decomposing Remains in a High Plains 

Agricultural Environment  

 

by 

 

Samuel D. Seay, B.S. 

 

A Thesis 

 

In 

 

Forensic Sciences 

 

Submitted to the Graduate Faculty 

of Texas Tech University in 

Partial Fulfillment of 

the Requirements for 

the Degree of 

 

 

MASTER OF SCIENCE 

 

Approved 

 

Paola A. Prada-Tiedemann, Ph.D. 

Chair of the Committee 

 

Scott Longing, Ph.D. 

 

Steve Presley, Ph.D. 

 

 

Mark Sheridan 

Dean of the Graduate School 

 

August, 2021 

 

 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

Copyright 2021, Samuel Seay 



Texas Tech University, Samuel Duke Seay, August 2021 

ii 

 

Acknowledgments 

First, I would like to thank my parents, Duke and Jody Seay, for their continual support 

of me through my graduate school experience and through this research. Their help in 

developing in this research was paramount, I could not have done it without them. They 

have always shown their support for me through every step of the process. I would also 

like to thank Austin Mossberg and Jesus Gonzales for assisting me with transportation of 

the human analogs, for assisting with sampling, and providing company during the hot 

summer days. I would like to thank Guy Harmon and Harmon Farms for use of their land 

to conduct this study, and for their interest in my academic research. Thank you to Lone 

Star Trapping for donating the pig carcasses used in this study and their role in 

contributing to the field of Forensic Entomology. Thank you to Katherine Titus, for 

assisting with processing trap samples and sorting through the copious amounts of insects 

collected. And finally, thank you to my committee members for assisting the 

development, application, and analyzation of this project from beginning to end. Without 

every single one of these people, this study would not have been possible. Most important 

of all, thank you so much to my amazing wife for putting up with me during this time, 

whether it be the long irregular hours away from home, or using the guest bathroom as an 

impromptu laboratory to store and process insect specimens, you were always there for 

me. 

 

 

 

 



Texas Tech University, Samuel Duke Seay, August 2021 

iii 

 

Table of Contents 
ACKNOWLEDGMENTS……………………………………………………………….ii 

ABSTRACT………………………………………………………………………………v 

LIST OF TABLES ......................................................................................................... viii 

LIST OF FIGURES ......................................................................................................... ix 

CHAPTER I: INTRODUCTION .....................................................................................1 

     1.1 Statement of Objectives ..........................................................................................1 

          1.1.1 Insect Succession ..............................................................................................1 

          1.1.2 Decomposition1 ................................................................................................1 

     1.2 Hypothesis ................................................................................................................2 

CHAPTER II: LITERATURE REVIEW .......................................................................3 

     2.1 Basics of Forensic Entomology ..............................................................................3 

     2.2 Previous Succession Studies ...................................................................................5 

     2.3 Weather Factors ......................................................................................................9 

     2.4 Ecological Factors .................................................................................................10 

     2.5 Southern High Plains Region Insect Communities ............................................11 

     2.6 Taphonomy Basics ................................................................................................12 

          2.6.2 Early Decomposition ......................................................................................13 

          2.6.3 Decomposition Stages .....................................................................................14 

          2.6.4 Decomposition in Extreme Heat .....................................................................15 

     2.7 Human Analog Model...........................................................................................15 

     2.8 Previous Decomposition Studies ..........................................................................16 

     2.9 Weather Factors ....................................................................................................17 

     2.10 Ecological Factors ...............................................................................................18 

CHAPTER III: METHODOLOGY AND DATA ANALYSIS ....................................20 

     3.1 Field Trials .............................................................................................................20 

          3.1.1 Deposition Locations ......................................................................................20 

          3.1.2 Human Analog Models ...................................................................................21 

          3.1.3 Cage and Trap Structures ................................................................................23 

          3.1.4 Decomposition Scoring ...................................................................................26 

          3.1.5 Sampling .........................................................................................................27 

     3.2 Analyses .................................................................................................................28 

          3.2.1 Storage ............................................................................................................29 

          3.2.2 Insect Community Analyses ...........................................................................29 

          3.2.3 Data Analysis ..................................................................................................29 

CHAPTER IV: RESULTS ..............................................................................................32 

     4.1 Insect Community Overview ...............................................................................32 

     4.2 Community Metrix ...............................................................................................35 

     4.3 Indicator Species ...................................................................................................39 

     4.4 Temperature Effect on Calliphoridae Species ...................................................40 

     4.5 Insect Succession ...................................................................................................42 

     4.6 Decomposition Results ..........................................................................................45 

          4.6.2 Decay Rate Analyses ......................................................................................46 

     4.7 Weather Data ........................................................................................................49 

     4.8 Decomposition Observations................................................................................50 

CHAPTER V: DISCUSSION .........................................................................................77 



Texas Tech University, Samuel Duke Seay, August 2021 

iv 

 

     5.1 Research Novelty ...................................................................................................77 

     5.2 Insect Succession ...................................................................................................77 

     5.3 Community Structure ...........................................................................................78 

     5.4 Indicator Species ...................................................................................................78 

     5.5 Weather Data ........................................................................................................80 

     5.6 Decomposition Rates .............................................................................................80 

     5.7 Extreme Heat .........................................................................................................81 

     5.8 Chemical Herbicide Application .........................................................................83 

     5.9 Decomposition Rate Considerations ...................................................................83 

CHAPTER VI: CONCLUSION .....................................................................................86 

APPENDIX .......................................................................................................................87 

REFERENCES .................................................................................................................89 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Samuel Duke Seay, August 2021 

v 

 

Abstract 

Forensic Entomology is the analysis of arthropods and their respective life cycles 

in medico-legal investigations, typically to determine a time period in which cessation of 

life had occurred. The process of human decomposition causes multiple chemical 

changes in a corpse, which attract a diversity of insects in a usually predictable pattern 

(i.e. developmental succession of the decomposer insect community). This pattern of 

insect succession can assist death investigators in determining a deposition period known 

as a post- mortem interval (PMI). Insect succession is largely affected by the environment 

and ecology of the location where decomposition occurs. Because of this, it is necessary 

to understand how various environments influence insect succession, and how this 

information can support death investigations.  

Agricultural croplands have a unique environment that is not found in other areas 

due to the lack of plant diversity, intensive management with tillage and chemical 

applications, as well as the presence of irrigation. Despite the uniqueness of croplands 

ecology, and its ubiquity throughout the United States, no forensic entomology study has 

been conducted in a cropland environment in the United States at the time of writing. 

This study will impact the field of forensic science by filling a gap of knowledge 

regarding deposition sites in agricultural environments, one of the largest land use 

categories in the southern United States, thus supporting determinations by death 

investigators in estimating Post-Mortem Intervals involving insect succession. 

Furthermore, this project will be a first to document decomposer insect biodiversity in 

these systems.  
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Previous research conducted in Eastern Europe and Saudi Arabia has focused on 

agricultural environments, targeting the analysis of insect succession patterns on human 

analogs. These studies found differences in both insect population size and diversity. The 

focus of this study is to analyze insect succession patterns and decomposition rates in 

cropland environments in the major agricultural region in the Southern High Plains of 

western Texas.  Human analogs (i.e. pigs) weighing between 120-135 pounds were 

placed in scavenger proof cages in four different locations representing two habitats: 1) 

wild grassland areas (i.e. controls) in ruderal habitats and 2) irrigated cotton fields. 

Insects were collected using pitfall traps, pan traps and by hand using a sweep net at the 

perimeter of cages. Decomposition of pig carcasses was scored and photographed.  

Each type of collecting device produced one sample of the insect community on 

one specific date, and data was also composited across methods to yield a total 

community sample for a specific date. After field sampling, insects were stored in 

isopropyl alcohol and identified using keys of regional fauna. Indicator species analysis 

was used to determine affinities of insects for one of the two habitat types (wild grassland 

patches or irrigated cotton fields). Following tests of data normality, ANOVA was used 

to compare 1) taxonomic richness, 2) total number of individuals, and 3) relative 

abundances of focal species across space and time.    

This study found a significant difference in taxonomic richness between the two 

studied sites, as well as a difference in relative abundance for five dominant families in 

the orders Coleoptera and Diptera. Six indicator species were identified for each of the 

habitats studied. The decay rate for the cropland environment was faster than the 
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grassland habitat, and differences in onset and duration of decomposition stages was 

observed.  

Through a better understanding of insect succession patterns in a cropland 

environment on decomposing mammalian carcasses, this study helps death investigators 

in determining Post-Mortem Interval in row-crop region where information is lacking. 

Furthermore, there is a need for regional insect decomposition and succession studies to 

be conducted to support forensic investigations associated with different land 

management practices in agriculture. 
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Chapter I 

Introduction 

1.1 Statement of Objectives 

1.1.1 Insect Succession 

Due to the lack of research conducted in forensic entomology in the Southern High Plains 

and agricultural row-crop landscape, this study first seeks to identify the forensically 

important insects and the succession pattern using a human analog model. Fresh pig 

carcasses were deployed in two counties across two habitats, and over three temporal 

replicates in May-August 2020. The two habitats consisted of grassland area adjacent to 

agricultural row-crop land, and agricultural row-crop fields subsisting of cotton 

(Gossypium hirsutum) which is a widely grown crop across agricultural landscapes in the 

Southern High Plains, producing over 3 million acres annually in the region. Insect 

communities occurring in and at the carcasses in both habitats were sampled using a 

combination of sampling devices and strategies. Environmental data including wind, 

precipitation, temperature, and humidity were recorded. Ecological data included soil 

temperature and plant development (i.e. stage of cotton) was recorded. 

1.1.2 Decomposition 

The rate of decomposition of a human corpse is largely affected by the local 

environmental and ecological conditions. This study seeks to evaluate the decomposition 

process among two different habitats (see 1.1.1) and in relation to the decomposer insect 

community.  Decomposition will be assessed through direct observation of a human 

analog model (i.e. Pigs, Sus scrufa) and recording of the time of each decomposition 
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stage. Each stage of decomposition was scored using the system developed by Galloway 

(1989). Stages and conditions were photographed and scored at the time of collection. 

Scoring additionally consisted of recording in days the time a carcass was in each stage 

of decomposition. The classification of Galloway (1989) was followed due to its 

preference in being used in arid environments, which is more representative of the 

habitats used in this study. 

1.2 Hypothesis 

Based on previous research in forensic entomology conducted in agricultural settings, 

coupled with the understanding of how climatic and ecological factors could influence 

insect succession on mammalian carcasses, I generally hypothesize that differences in 

insect community (e.g. diversity, relative abundances and total counts) should be 

observed across habitats, and covary with potentially different rates of decomposition and 

environmental conditions across habitats. Furthermore, because of the availability of 

moisture through crop irrigation and higher soil temperature in the crop-land habitat, it is 

hypothesized that decomposition will proceed at a faster rate relative to decomposition in 

grassland habitats, thereby affecting insect development and insect community 

composition. 
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Chapter II 

Literature Review 

2.1 Basics of Forensic Entomology 

 Forensic Entomology is one of the oldest fields of forensic science and involves 

the study of insect communities as they interact with a corpse to determine key pieces of 

information in medico-legal investigations. Due to the ubiquitous nature and numerical 

dominance of insects in nature and the integral role they play in decomposition, forensic 

entomology can provide information relating to manner of death, cause of death, and 

most commonly, time since death [1]. This is accomplished through the development of a 

Post-Mortem Interval (PMI). A PMI is an estimated time period that has lapsed since a 

corpse has been deposited in a specific environment and is a pivotal piece of information 

in criminal investigations. 

 When a corpse is introduced into an environment, it provides a nutrient dense 

region that attracts insects that utilize it in various ways. Necrophagous insects such as 

burying beetles (Coleptera) feed on the decaying flesh as a primary source of 

consumption. Several species of Diptera use the corpse as a substrate for oviposition. The 

larva from these species are the primary drivers in mass loss during the early stages of 

decay. Due to the abundance of larva typically present, predatory insects are also 

common during decomposition. Other species of insects may use the corpse as physical 

shelter from adverse weather, and insects that have no immediate relation to the corpse 

can also be present; these are noted as incidentals.  
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The ways in which insects interact with a corpse has led researchers to develop 

two primary ways to develop a PMI. The first way that a PMI is developed is through the 

analysis of the life cycle of insects that use a corpse for oviposition. The most common 

family of insects used in this method includes flies within Calliphoridae. The larvae of 

these insects have distinct stages of growth, called instars. Under controlled laboratory 

settings, the larvae enters these developmental stages at predictable times. When 

investigating a corpse, forensic entomologists determine the oldest and youngest larva 

present which then gives an approximate time of decomposition based on these known 

rates of development. The advantage in using this method is the predictability of 

development of insect stages; however, the application of this method becomes limited 

when a corpse is present for longer than one complete life cycle, this producing 

overlapping generations [2]. 

 The second method commonly utilized by forensic entomologists is to determine 

a PMI through faunal succession analyses. As a corpse decomposes, it undergoes many 

physical and chemical changes that attract different species of insects in a predictable 

pattern. Forensic entomologists can compare the insect community on a corpse in situ to 

known successional patterns from previous studies. This method is preferred when a 

corpse has been decomposing for an extended period of time, yet it has limitations due to 

the decomposer community being dependent on the local fauna of the region where 

decomposition occurs [3]. 

 Insect colonization of a corpse occurs within minutes after death, with the first 

insects present called ‘early colonizers’. These early colonizers are attracted to a corpse 

because of the release of volatile organic compounds (VOC), created through the 
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diffusion of decomposing fluids into a gas form that is then distributed through the 

atmosphere in a plume [4]. Insects navigate this plume by using olfactory sensors to find 

the source [5]. These insects are flies in the insect order Diptera that includes the families 

Calliphoridae, Muscidae, and Sarcophagidae. As a corpse decomposes over time, 

necrophagous insects (mostly beetles in the order coleoptera) can become attracted to the 

location of decomposition. These include the families Scarabeidaei, Staphylinidae, 

Trogidae, and Dermestidae. As the total number of insects on the carcass increase, 

predatory insects also increase. 

2.2 Previous Succession Studies 

 Numerous insect succession studies have been conducted to date, but limited 

literature exists for such studies conducted using cropland environments. For this 

literature review, studies denoting an ‘agricultural’ habitat have been addressed, as well 

as studies in climate zones similar to the semi-arid conditions in the Southern High 

Plains-region around Lubbock, TX. 

 The earliest forensic study conducted in an agricultural setting was by Voss in 

2009. This study was conducted in Australia among two different habitats: bushland and 

agricultural. In this study, the researcher used guinea pig carcasses; placed into plastic 

boxes that were then buried flush with the ground. The model for decomposition used 

was guinea pigs, and the lack of drainage in the cages housing models led to a buildup of 

decomposition fluid matter, potentially altering succession patterns and decomposition 

rate. The same containers were also buried flush with the ground, which provided a 

physical barrier to weather exposure such as wind, sunlight, and temperature that would 

normally be experienced if a carcass were placed above the soil surface. The results of 
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this study were also limited due to pseudo-replication, where two sites were analyzed 

with 10 carcasses each, separated by 50 meters. Due to the proximity of the carcasses, 

each carcass would therefore be sampled from the same insect community and not 

representing a true replicate because of potential interactions among the successional 

communities at each carcass. Without more than one replication, and the carcasses being 

studied in close proximity to each other, the claims of this study are very preliminary and 

thus need further research for confirmation [6]. 

 Another study conducted by Dekeirsschieter (2011) used piglets as human 

analogs in three different habitats across Europe, with one of the habitats being a barley 

field. Insects were collected using six pitfall traps and two yellow traps placed around 

each piglet. Each piglet was allowed to decompose for 2 weeks during the spring. The 

results of this study showed the urban and forest biotypes had a higher diversity in 

carrion beetles, but the agricultural biotype had more total individuals collected. In this 

study, a total of 1,579 individuals were collected, with six species in the agricultural 

biotype, and seven species in the forest biotype. The most common species in the 

agricultural biotype was the carrion beetle Thanatophilus sinatus [7]. 

 More recent studies regarding insect succession in an agricultural setting were 

those of Mashaly in 2016. Each study analyzed insect succession in three different 

habitats in Saudi Arabia: urban, desert, and agricultural, yet no information was available 

as to the specific type of agricultural production system. In the first study using rabbits, 

Mashaly analyzed insects in the order Diptera and found a total of 1,427 individuals 

comprised of 16 species. The agricultural setting had the highest abundance and diversity 

of flies. The first two days of decomposition attracted species in the family Calliphoridae, 
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Muscidae, Sarcophagidae, Spsidae, and Ulidiidae. Only two families were found in the 

dry stage of decay, Muscidae and Ulidiidae. Carcasses in the agricultural setting also took 

the longest to reach the advanced stage of decay [8]. 

 A subsequent study conducted by Mashaly utilized the same habitats and trapping 

techniques, but instead focused on carrion beetles. A total of 125 individuals were 

collected, belonging to 8 species. The agricultural habitat had the lowest abundance and 

diversity of Coleoptera while the dry stage of decomposition had the lowest number of 

beetles, and the active decay stage had the highest abundance. Scarabaeidae was also a 

habitat specific family, found only in the agricultural habitat. The species Dermestes 

maculatus was present in all stages of decay, and the family Histeridae was only present 

in the last three stages of decay. Furthermore, Scarabaeidae was only present in the bloat 

stage of decomposition [9]. 

 Other succession studies have been conducted in regions with similar climates to 

the area of interest in the current study, Lubbock, Texas. The earliest study was 

conducted in the semi-arid plains of South Africa in 1986. This study monitored the 

decomposition rates and insect communities on more than 100 impalas during a five-year 

period in the Kruger National Park. During the summer this study reported accelerated 

decomposition rates, with fresh carcasses entering skeletonization within five days. Two 

species of Calliphoridae, Chrysomyia albicps and C. marginal were reported as the 

dominant species present during the summer, and these species primarily drove carcass 

mass loss. In addition, this study also reported a positive correlation between maggot 

mass activity and the presence of predatory insects. Oviposition was observed within the 

first 16 hours after death and peaked two days after death [10].  
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 Bourel (1999) conducted a succession study in the sand dunes of northern France, 

a region with similar precipitation and ecology to Lubbock, Texas. Researchers used 

rabbit carrion to measure decomposition and to attract necrophilous insects. A total of 66 

species were collected, with the most abundant Coleoptera family being Staphilindae, and 

the most common Diptera family being Calliphoridae. This study developed a chronology 

of insect activity, with Calliphoridae being one of the earliest carcass colonizers, and 

Dermestes reported as the last colonizer. This study also showed that there was no 

difference in succession between the habitats, but there was a difference found in overall 

decomposition rates. Habitats in this study containing more abundant vegetation 

decomposed at a slower rate [11]. 

 A succession study conducted in Saudi Arabia used rabbit carcasses to measure 

decomposition and insect succession across multiple seasons. During the summer, 

temperatures ranged from 32-42.5℃ and the carcasses reached the dry decomposition 

stage after 9 days. Calliphoridae and Muscidae was the only two species of Diptera 

present during the summer months, and Dermestidae and Histeridae were the two most 

abundant Coleoptera present [12]. 

 A study from Northern Mexico used pigs as human analogs and pitfall traps to 

measure insect succession. The carcasses reached bloat stage by day two, and the 

advanced stage of decay in 14 days. Piophilid flies were the most common Diptera 

collected. The most abundant Coleoptera was Necrobia rufipes and Dermestes maculatus. 

Formicidae was also present but reported in only the later stages of decay. Dermestes 

maculatus was present at the bloat decay to the end of the study. Twenty percent of the 
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biomass of the carcasses was lost within the first seven days, and 50% was lost after the 

active stage of decay [13]. 

2.3 Weather Factors 

 `Weather is one of the most important factors that affect insect succession. 

Weather can impact insect mobility, oviposition, feeding activity, and growth. The most 

predominant factor affecting decomposition and insect succession is temperature. Several 

studies have been conducted looking specifically at how temperature affects forensically 

important insects, due to insects being poikilothermic. Temperature has a positive 

correlation to insect activity and colonization [14]. However, this only holds true in 

relation to moderate temperatures, as insect species can reach a temperature threshold 

above which the species of insects are negatively impacted and do not develop. The 

upper temperature thresholds for Calliphoridae is around 30℃, with the species C. 

Rufifacies exhibiting a higher tolerance to heat [15]. Temperature was reported as the 

primary factor affecting variation in the insect community, with 74.3% of community 

differences attributed to temperature [16]. Along with temperature, humidity is a large 

determining factor in insect succession. Humidity has previously been reported as 

displaying a negative correlation to insect development [14]. 

  Precipitation may act as a mechanism to increase the dilapidation of a carcass and 

increase the activity of maggot masses [17]. The increase in moisture creates a more 

suitable substrate for oviposition and thus can attract more insects. Maggot masses may 

be inhibited by a large amount of precipitation, due to larva being swept away from the 

carcass or drowning [17]. Although large  amounts of precipitation negatively affect 
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forensically important insects, limited amounts of rainfall do not appear to have an 

influence on insect succession [14]. 

Wind speed has previously been reported to affect Calliphoridae movement, and 

in return affect succession on a corpse. In a controlled wind tunnel, it was reported that 

wind speeds above 8 m/sec completely inhibit flight activity [18]. Outside of a controlled 

setting, wind speed has not been seen to affect colonization [14]. This is due to the 

presence of vegetation and structures acting as wind blocks, as well as wind speeds being 

more inconsistent in naturally occurring settings.  

Another environmental factor affecting insect colonization is shade. The amount 

of sunlight on a corpse affects the internal temperature of a corpse and the surrounding 

soil temperature. Corpses in exposed sunlight have a greater variation of temperature, and 

internal corpse temperatures will be higher than ambient air temperature. Sun exposed 

corpses have been shown to exhibit a higher diversity of insects than a shaded corpse 

[19]. 

2.4 Ecological Factors 

 Land management in cotton fields can impact insect succession in a variety of 

ways. Cotton receiving ample amount of irrigation results in a larger overall insect 

community but does not affect the predator population [20]. With fertilization delivered 

through irrigation, higher levels of fertilization can influence the insect community. This 

was described in previous studies as being not due to the fertilization itself but due to the 

increased plant growth [21]. Other studies also reported that increase in forage dependent 

insects also increase the community of predators [22]. 
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 One study analyzed land use on a forensically important insect family (Silphidae). 

This study found that areas that are more intensively managed resulted in a decrease in 

overall Silphidae population. In addition, this study stated that N. humator was an 

indicator species for a loss of total arthropod diversity, because habit fragmentation 

affected not only Silphidae, but for mammals that provided naturally occurring carrion 

[23]. 

2.5 Southern High Plains Region Insect Communities 

 In order to understand the insect succession on a human analog, it is important to 

understand the local insect community prior to the introduction of a carcass. Several 

studies have been conducted to determine insect community populations in different 

habitats in the Southern High Plains Region. In a center-pivot irrigated field of cotton, 

researchers were able to collect 25 different families from the canopy of mid-season 

cotton using a handheld pneumatic device. Of these families, only two are of forensic 

importance, Formicidae and Calliphoridae [24]. This demonstrates that the naturally 

occurring insect community in row-crops consist of limited decomposer species. 

 Pitfall traps have also been used extensively to sample insect communities in 

naturally occurring grassland regions near Lubbock Texas. In one study, a total of 58 

different families were collected, of which 15 were considered to be of forensic 

importance. This study also noted that Formicidae was the most abundant family present 

[25]. By comparing these two studies, evidence suggests that a larger amount of naturally 

occurring necrophagous insects are present in grassland habitats compared to row-crop 

cotton habitats. 
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 A decomposition study with pieces of cadavers was also conducted in a range-

land habitat managed by Texas Tech University. In this study, observations were made of 

insect activity, but no data was collected on the arrival times of the different insects. 

During the six months of the study, the researcher reported only 12 species of insects, 

with only 3 species of Diptera being recorded [26]. 

2.6 Taphonomy Basics 

Decomposition of a corpse occurs immediately following the cessation of life, and 

subsequent conditions provides information for death investigations regarding PMI, 

corpse deposition, manner of death, and many other factors. The physical and chemical 

changes that a corpse undergoes influences insect colonization, and insect succession is 

largely dependent on the rate of decomposition. Decomposition stages is sorted into three 

different fields of study based on the amount of time passed since death. Early 

decomposition (hours to days) is studied by forensic pathologists, active decomposition 

(weeks to months) is studied by forensic taphonomies, and skeletal decay (months to 

years) is studied by forensic anthropologists. The earlier that a corpse is discovered, 

typically the more accurate a PMI will be. Furthermore, each of these fields of studies 

have unique methods and systems to determine a PMI. 

 Decomposition is primarily driven primarily by two processes: autolysis, and 

putrefaction., Autolysis can be described as the self-degradation of cells and organs by 

complex enzymatic processes. Organs with high enzymatic concentration undergo 

autolysis much faster due to the large number of enzymes present which accelerate tissue 

and organ deterioration. During life, a human body has a complex community of micro-

organisms in the gastro-intestinal system that aid in digestion. After death, these 
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organisms continue to live and multiply inside a corpse. Putrefaction is a process guided 

by microbial interactions that degrades and liquefies tissue.  Some signals of the 

putrefactive process include bloating, skin discoloration and intense odor due to gas 

accumulation. Autolysis and putrefaction can occur at the same time but in different 

regions of the body [27]. 

 Decomposition rates are rapidly increased by bodies that are easily accessed by 

insects, as larval masses can result in significant soft tissue loss in a short period of time. 

Pupae from ovipositing insects consume the nutrient dense flesh and moisture causing 

substantial loss in carbon mass, assisted by necrophagous insects that use decomposing 

remains as a primary energy source. During the wet decay stage of decomposition, 

maggot mass activity is the highest due to the availability of moisture in the carcass, and 

subsequently result in the largest amount of mass loss during decomposition [28]. 

 2.6.2 Early Decomposition 

 The first 24 hours after death has three distinct stages before active decomposition 

occurs. These are most often identified by medical examiners and forensic pathologists. 

The first stage is algor mortis, which is the cooling of the internal temperature of a 

corpse. Upon cessation of life, a body fails to regulate its temperature and will continue 

to cool until it reaches the ambient air temperature. Many statistical models exist to 

estimate a PMI from the cooling of a corpse, but these have had limited success. A corpse 

typically reaches ambient temperature after 20 hours [29]. 

 The second stage is livor mortis which occurs due to the settling of blood and 

bodily fluids. This occurs due to the cardiovascular system that moves blood throughout 

the body no longer functioning, and therefore the primary physical force of gravity causes 
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a visible pooling of bodily fluids, and discoloration of the skin. This occurs 2-4 hours 

after death, and movement of the corpse after this time can be seen due to the pattern 

created by the blood pooling to lower areas resulting in red/purple discoloration [29]. 

 The final stage is rigor mortis, which occurs when lactic acid is produced in the 

muscle fibers. This buildup of lactic acid causes the body to stiffen within the first 12 

hours of death, but is no longer present after 24 hours. A form of rigor mortis can also be 

present in later decomposition, but is primarily accompanied with skin slippage, and is 

due to putrefaction creating enough gas that causes this stiffening [29]. 

 2.6.3 Decomposition Stages 

 There have been multiple attempts by researchers to categorize human 

decomposition into several stages based on physical characteristics. It is widely accepted 

that decomposition is split into six separate categories, pioneered by Galloway (1989). 

The first stage of decomposition is the fresh stage. In this stage, there is little no 

discoloration of the skin, and no bloat present. The beginning of bloat signifies the next 

stage, early decomposition. Bloat occurs when purification resulting in large amounts of 

gas in the torso of the corpse, with the torso appearing enlarged and swollen. During this 

stage, the skin of the corpse may appear discolored into a green color, and skin slippage 

occurs [30].  

The rupture of the bloat signifies the end of this stage, and the beginning of 

advanced decomposition, otherwise known as wet or active decay. This stage starts when 

the buildup of gases inside the corpse produces enough pressure to tear the skin and 

release the gas inside. Following this, extensive maggot mass activity is present resulting 

in the largest losses of biomass. The abdominal cavity of the corpse may appear to be 
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sunken, and bone exposure begins. This stage is over in one of two situations; the first is 

with bone exposure measuring one quarter of the corpse, and the second is the complete 

loss of moisture in the carcass [31]. 

Following advanced decomposition, the corpse enters the stage called 

skeletonization. In this stage there is further dilapidation of any remaining flesh present 

and the stage ends with the entire skeleton being visible. The last stage is extreme 

decomposition, and occurs when the bones begin to bleach and decalcify [31]. 

2.6.4 Decomposition in Extreme Heat 

 Extreme heat in arid environments results in numerous changes to a corpse that is 

not seen in less extreme environments. Exposure of skin post-mortem to high intensity 

sunlight can cause surface skin cells to burn, resulting in a post-humus sunburn [31]. In 

addition, the rapid desiccation of a corpse due to high temperatures and low humidity can 

cause a corpse to mummify [30]. The loss of moisture in the corpse tissue excludes 

bacteria and insect activity, preventing further loss of mass. Tissue will appear leathery 

and this appearance will persist for an extended period of time [31]. 

2.7 Human Analog Model 

 Human analogs are often used in decomposition studies to represent human 

corpses, due to the scarcity and regulations in using human cadavers. There is a 

significant amount of literature focused on studying the decomposition patterns of 

different types of mammals in order to determine how accurately they represent the 

decomposition of human remains. These studies have found that the differences in skin 

type, biomass, and internal organ structure all affect the rate of decomposition [32]. 

Using small vertebrae mammals with thicker hides such as rabbits result in delayed 
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decomposition due to the carcasses ability to withstand desiccation. The use of pigs has 

been widely accepted in the field of taphonomy due to the overall biomass being similar 

to humans [33]. Additional studies have shown that decomposition rates for pigs remains 

consistent with human remains during all seasons of the year [34]. Using pigs as analogs 

also has an advantage over cadavers due to the consistency that pigs have in body shape, 

as human remains tend to vary more in sizes and proportions [35].  

2.8 Previous Decomposition Studies 

 The decomposition scoring method used in this study was derived from Galloway 

et al. (1989). This was a retrospective study on 189 human remains cases, where 

Galloway assigned a numerical score to the remains as a form of numerical ranking to the 

qualitative observations of the decomposition process.  This study was unique in that it 

observed several cases of decomposition in a high temperature and arid environment and 

derived a scoring system based on the findings. This study reported that in extreme heat 

situations, bloat occurs in as little as one to two days and disappears as early as day three. 

Galloway further discussed how a hardened mummified shell was developed as early as 

day four. Galloway also describes the last stage of advanced decomposition as the 

disappearance of large maggot mass activity. Furthermore, advanced decomposition 

occurred as early as day two, and the beginning of skeletonization can begin as early as 

day seven [31]. 

 Another decomposition study was conducted in the Sonoran Desert, aimed to 

develop decomposition rates to assist death investigations of discovered corpses of 

humans attempting illegal border crossings across geo-political boundaries. In this study, 

pig carcasses were placed at multiple locations during the summer months and allowed to 
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progress through decomposition. This study reported ambient air temperatures with an 

average of 30℃ and a high of 40.56℃. The study showed that complete skeletonization 

of the carcass occurred in five weeks, and the largest number of scavengers were present 

by the third day of decomposition [36]. 

 Researchers in central Texas also conducted a decomposition study using pigs as 

human analogs. Fresh decomposition was reported to last 3 days, early decomposition 

was between 4 and 5 days, and advanced decay from 3-6 days. Mummification was 

reported as early as day 10. Bloat was reported with no facial purge present. Abdominal 

rupture was reported as early as day 9, and as late as day 11. The early stage of 

decomposition persisted longer than what was previously reported but was explained by 

the moderate weather observed [37]. 

 In Argentina, a decomposition study was conducted to observe succession of 

Diptera on pig carcasses. This study reported that the summer months progressed faster 

through the stages of decomposition and the rate of decay differed in shaded vs. unshaded 

habitats. In this study it was also reported that the most significant factor affecting 

decomposition rate was the size of the carcass, microclimate, and other variables [38]. 

2.9 Weather Factors 

 Weather has been shown to be one of the most significant factors across studies 

affecting decomposition. Ambient air temperature was reported to influence the highest 

variation in decomposition rates. Temperature variation is largely seasonal-dependent, 

with higher temperatures in the summer months resulting in faster decomposition rates 

[39]. Researchers noted the increase in temperature results in more abundant maggot 

masses, which drives the decomposition rate [39]. Along with ambient air temperature, 
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exposure to sunlight also can affect decomposition rates. Carcasses in direct sunlight can 

experience higher temperatures than shaded carcasses. The higher intensity and duration 

of sunlight has been reported to cause a higher mass loss due to the association with 

higher temperatures [40]. 

 The effect of precipitation on decomposition in previous studies is unclear. In 

lower amounts of rainfall, it does not appear to significantly influence decomposition 

rates [17] [41]. However, higher rainfall can hinder maggot masses and in return the 

decomposition rate [42]. Higher humidity also prevents the carcass from desiccating and 

increases autolysis, while extreme low humidity can create unfavorable conditions for 

bacterial growth [43]. 

2.10 Ecological Factors 

 Decomposition is also affected by the interaction between the carcass and the soil 

beneath it, commonly called grave soil [44]. Soil is very diverse in terms of composition 

spatially, and this diversity leads to differences in the interaction between a carcass and 

the environment. Soils with higher levels of nitrogen have been reported to inhibit 

decomposition due to the subsequent rise in pH resulting in unfavorable conditions for 

microbial growth [45]. Different soil textures also change decomposition rates; soil with 

a clay or loam texture was shown to decompose faster than sandy soil [45]. During 

skeletonization, bones undergo more rapid deterioration in soils with a higher cation 

exchange capacity due to the increased leaching of calcium from bones [46]. 

 Soil moisture has also been reported to be an influential factor in decomposition. 

Soils with higher moisture tend to have faster decomposition rates, but an excess of soil 

moisture can result in slower rates. This is due to the inability of carcasses to diffuse 
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through the soil [47]. In irrigated crop fields, decomposition of organic matter occurs at a 

higher rate. This is due to the availability of both moisture and soil nutrients as well as 

the constant degradation of organic materials by tillage and other management practices 

during farming [48]. 
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Chapter III 

Methodology and Data Analysis 

3.1 Field Trials 

 3.1.1 Deposition Locations 

Four sites were selected for deposition locations and divided into two subsets 

based on county. Subset A was located in Hale County, and subset B was located in 

Crosby County (See Figure 1). Both subsets consisted of one row-crop habitat and one 

native grassland habitat located. The fields in Subset A were located 1.4 km apart, and 

Figure 1 Location of Test Sites 
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the fields in subset B were located 1.1 km apart. subset A and subset B was separated by 

27.5 km. 

The row-crop habitats for both subsets consisted of quarter section pivot irrigated 

cotton (Gysipium hirisutum) fields. Both fields were planted at 32,000 seed/acre of 

Dynagro 3385 variety cotton on a 30”-50” row split. The soil type for these fields is a 

Pullman clay loam with 0-1% slope [49]. Both fields were strip tilled at planting with 

winter wheat debris present. During the early growing season, both fields were routinely 

tilled with a sand-fighter tillage system to prevent erosion of the soil by wind, and 

applications were made per normal practices involving a dicamba/glyphosate herbicide to 

control weed pests in fields. No pesticides were applied during the study. 

The grassland habitats consisted of mixed natural and introduced forages, with no 

management practices applied. Field A2 was a Loften clay loam with 0-1% slope. Field 

B2 was a Zita loam with 1-3% slope. 

3.1.2 Human Analog Models 

 The human analog model used in this study was feral pigs (Sus scrofa) weighing 

between 114-135 lbs. Pigs were chosen due to their prevalence in previous forensic 

entomology studies, and the ability to emulate human decomposition. The feral pigs were 

donated by Lone Star Trapping (Hawley, Texas). Feral hogs are routinely culled in an 

established eradication plans by Lone Star Trapping. A memorandum was completed and 

filed from the Texas Tech Institutional Animal Care and Use Committee (Non-protocol 

observational study ACUC #: X20052), as the pigs were not euthanized for the purpose 

of this research. The pigs were killed within an hour of retrieval by a single gunshot to 

the head, and then weighed dead on a hanging scale (Table 1). 
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 Pigs were transported in body bags to prevent insect colonization and placed at 

the test sites within four hours after death. The pigs were placed inside scavenger proof 

cages oriented with the head facing north and feet facing west, oriented within crop rows. 

Table 1 Human Analog Weights 

Replicate 1 Weight (lbs) 

Cropland 1 (A1) 125 

Grassland 1 (A2) 135 

Cropland 2 (B1) 127 

Grassland 2 (B2) 130 

Replicate 2  Weight (lbs) 

Cropland 1 (A1) 120 

Grassland 1 (A2) 123 

Cropland 2 (B1) 125 

Grassland 2 (B2) 131 

Replicate 3 Weight (lbs)  

Cropland 1 (A1) 121 

Grassland 1 (A2) 118 
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Cropland 2 (B1) 128 

Grassland 2 (B2) 114 

3.1.3 Cage and Trap Structures 

 The human analogs were placed into scavenger proof cages, constructed of wire 

paneling with 2”x4” holes on the sides and lid, and 4”x4” holes on the bottom in order to 

increase contact between the pig and the soil. Cage Dimensions were 60”x24”x28”. The 

wire panels were connected using C ring style clamps, that allowed the cage to be folded 

for ease of transport and to provide enough rigidity to prevent scavengers from accessing 

the carcass. An analog rain gauge was attached to the bottom left-hand corner of the cage, 

and a T-Post painted orange with orange flagging tape was attached to the corner of the 

cage for marking and identification purposes. 

 Two types of passive traps were utilized in this study, pitfalls for crawling insects, 

and pan traps for flying insects. Pitfall traps were constructed using two clear plastic cups 

measuring 4.75” in depth and 3.5” in diameter. In each cage, six cups were buried flush 

with the soil surface, with the outer cup acting as a liner in the soil, and with small holes 

drilled into the bottom of the cup for drainage of precipitation. The inner cup was filled 

halfway with Propylene Glycol (Ideal Animal Health USP) to serve as a killing agent and 

to prevent insects from escaping and to preserve the insects once they fell into the trap 

(See Figure 2). Six pitfall traps were placed around each pig at the test sites. Pan traps 

were constructed using shallow metal pans, measuring 8” in diameter and 1.5” in depth. 

These traps were filled with a water/detergent mixture and placed at the posterior and 

anterior end of the pigs. As the trials progressed, some pan traps had to be moved slightly 

Table 1 Continued 
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due to the purging liquids of the carcass which filled and contaminated the pan traps. 

Layout of the full cage and all insect trapping locations is shown in Figure 3. 
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Figure 2 Pitfall trap construction 

Figure 3 Sampling regions 
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3.1.4 Decomposition Scoring 

Decomposition was scored using direct observation using the scoring system 

developed by Galloway (1989) (See Table 2). This scoring system was selected due to it 

being developed for higher temperature environments, and includes several 

decomposition characteristics not included in other systems (i.e. sunburn, 

mummification, etc.) Scoring continued until the analogs reached the skeletonization 

stage of decay, signified by bone exposure of less than ¼ of the carcass, and complete 

desiccation of visible tissue. 

Table 2 Decomposition Scoring Galloway 1989 

Fresh 

Stage 1 Fresh, no discoloration or insect activity 

Stage 2 Fresh, burned 

Early Decomposition 

Stage 1 Pink-White appearance, with skin slippage 

and some hair loss 

Stage 2 Gray to green discoloration, some flesh 

relatively fresh 

Stage 3 Discoloration to brownish shades particularly 

at fingers, nose, and ears; some flesh still 

relatively fresh 

Stage 4 Bloating with green discoloration 

Stage 5 Post bloating following rupture of the 

abdominal gases, with discoloration going 

from green to dark 

Stage 6 Brown to black discoloration of arms and 

legs; skin having leathery appearance 

Advanced Decomposition 

Stage 1 Decomposition of tissues producing sagging 

of the flesh; caving in of the abdominal 
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cavity, often accompanied by extensive 

maggot activity 

Stage 2 Moist decomposition in which there is bone 

exposure  

Stage 3 Mummification, with some retention of 

internal structures 

Stage 4 Mummification of outer tissues only with 

internal organs lost through autolysis or 

insect activity  

Stage 5 Mummification with bone exposure of less 

than one half the skeleton 

Stage 6 Adipocere development  

Skeletonization 

Stage 1 Bones with greasy substances and 

decomposed tissue, sometimes with body 

fluids still present  

Stage 2 Bones with desiccated tissue or mummified 

tissue covering less than one half the 

skeleton 

Stage 3 Bones largely dry, but still retaining some 

grease 

Stage 4 Dry bone 

Extreme Decomposition 

Stage 1 Skeletonization with bleaching  

Stage 2 Skeletonization with exfoliation 

Stage 3 Skeletonization with metaphyseal loss, with 

long bones and cancellous exposure of the 

vertebrae 
 3.1.5 Sampling 

Sampling was conducted daily between 1000 and 1400 hours daily and continued 

until the analog reached the last stage of advanced decay. The carcasses were then 

removed from the cages and disposed of offsite. 

Table 3 Continued 
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Photos of each pig were taken upon arrival at each test site with a Canon 

DS126151 equipped with a Hoya 58mm lens. Following photographs, ambient air 

temperature and humidity were measured within each cage and adjacent to each pig. 

External body temperature of each pig was measured on the midsection using an infrared 

thermometer, and then soil temperature was taken approximately 2' away from the analog 

and recorded. 

Following environmental measurements, a sweep net was then used to collect 

flying specimens from around the carcass and surrounding area. However, this method of 

sampling proved ineffective at collecting insects near the carcass and in vegetation, and 

was therefore discontinued for the remainder of the study. Insect community samples 

were collected in each habitat and at each location, producing one insect community 

sample per cage and date through combining contents of both pitfall traps and pan traps. 

Insect samples from each cage were filtered through a fine mesh to remove killing fluid 

and stored in plastic containers with 70% alcohol prior to returning to the laboratory for 

analysis. 

3.2 Analyses 

Figure 4 Sample Storage 
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 3.2.1 Storage 

  In the laboratory, contents of plastic field containers were emptied and rinsed in a 

fine strainer with DI water to remove contaminants, and then stored in leakproof plastic 

containers with Isopropyl Alcohol diluted down to 70% (Artnatural Isopropyl Rubbing 

Alcohol 99%). The containers were labeled with the corresponding field, day, and trap, 

and stored until specimen identification and enumeration (Figure 4). 

 3.2.2 Insect Community Analyses 

Insect samples were removed from containers and rinsed with DI prior to being 

emptied into a sorting pan with a paper towel liner to facilitate drying. After drying, the 

insect specimens were pinned for specimen analysis. 

Representative morphospecies within samples were pinned, with the sample 

remnant analyzed separately by simply tallying counts of taxa identified from mounted 

specimens. Photographs of all morphospecies were also taken. 

Insect Specimens were identified to the lowest taxonomic level using keys 

available in the scientific literature. The following literature was used in the identification 

of insect specimens: The entomological society of Canada ““Blow flies of North 

America: Keys to the subfamilies and genera of Calliphoridae, and to the species of the 

subfamilies Calliphorinae, Luciliinae and Chrysomyinae” and the publication “Manual of 

Nearctic Diptera,” “Beetles: A field guide to the beetles of North America” and “Biology 

and taxonomy of the Nearctic species of Trogoderma (Coleoptera: Dermestid)”. Species 

were classified as rare if they occurred less than six individuals and excluded from further 

analysis. 
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3.2.3 Data Analysis 

Insect Communities 

Insect community samples were combined for each date across the two different 

habitat types and compared using three methods. First, ANOVA (JMP Prop 15, SAS 

Institute) was used to test for differences between 1) morphospecies richness, 2) total 

number of individuals and 3) relative abundances of the dominant decomposer taxa. 

Community variables for comparison were assess for normality prior to analyses and 

transformed where conditions of data normality were not met. Each of the three 

community metrics and selected/dominant insect decomposer families were compared 

among habitat types and with the environmental variables. Second, indicator species 

analysis (ISA) was used to determine if particular insects showed affinity for one of the 

two habitat types. ISA calculate an indicator value for each taxa based on the relative 

abundance and constancy of taxa across habitats. A P-value is calculate from data 

randomization tests indicating the statistical significance of the observed maximum 

indicator value for each species (Peck 2016). ISA was conducted using PC-ORD v.7 

software (Wild Blueberry Media LLC). Finally, an insect successional table was 

constructed to interpret the successional patterns of the dominant fauna occurring in both 

grassland and cropland habitats.  

Decomposition 

 Decomposition was scored using the system developed by Galloway (1989) from 

photographs taken during the study. The onset and duration of the stages of 

decomposition were analyzed using a single factor ANOVA (JMP Prop 15, SAS 

Institute) to determine variation between the two deposition sites. Total decomposition 
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scores were then plotted with the decomposition timeline, and linear regression was 

calculated for each site, and a Pearson Correlation Factor was calculated to determine the 

rate of decay.  
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Chapter IV 

Results 

4.1 Insect Community Overview 

A total of 22,137 insects were collected from 672 trap samples over the course of 

the study. A total of 83 morphospecies were identified, representing 9 orders and 45 

families (Table 3). Morphospecies with less than six individuals across the entire study 

period were considered rare taxa and excluded from further analyses. The most abundant 

species collected was Cochliomyia macellaria, with 3,911 total individuals collected, 

while the second most abundant species was Dermestes marmoratus with 1,882 

individuals (Table 3). The order Coleoptera had the most number of individuals collected 

with a total of 9,304 collected, Diptera hade the second most with 8,801, and 

Hymenoptera was the third most abundant order with 1,742 individuals collected. The 

Figure 5 Total Insects by Order 
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August sampling season resulted in the most number of individuals collected while the 

last sampling period had the lowest number of individuals.   

Table 3 Taxonomic Breakdown of Collected Insects 

ORDER FAMILY SPECIES # 

INDIVIDUALS 
Hymenoptera Formicidae Pogonomyrmex 

barbatus 
1,403 

 Apidae Apis mellifera 40 

  Xeromelecta 

californica 
7 

 Sphecidae Sphex pensyl 3 

  Sphex lucae 7 

 Vespidae MS1 4 

 Vespidae MS2 1 

 Crabronidae Bicyrtes capnopterus 2 

  Philanthus gibbosus 2 

 Halictidae Halictus tripartitus 9 

  Augochloropsis 

metallica 
3 

 Mutillidae MS3 3 

Coleoptera Silphidae Nicrophorus 

marginatus 
167 

  Thanatophilus 

truncatus 
5 

 Scarabaeidae Canthion chalcites 206 

  Digitonthophagus 

gazella 
39 

  Phanaeus vindex 5 

  MS4 5 

 Carabidae Scarites subterraneus 36 

  Cicindelidia 

punctulata 
58 

  Pasimachus depressus 27 

  Genus:Harpalus 10 

  Genus:Lebia 16 

  Harpalus rufipes 9 

  Tetracha carolina 2 

 Histeridae Hister abbreviatus 1804 

  Hister argoporus 1027 

  Hister margarinotus 737 

  Hister 

quadrimaculatus 
2 

 Cleridae Necrobia rufipes 377 

 Staphylinidae Creophilus maxillosus 320 

 Tenebrionidae Eleodis suturalis 13 
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Table 4 Continued    

  Eloeodes tricostata 9 

 Trogidae Omorgus scabrosus 809 

 Dermestidae Dermestes marmoratus 1882 

  Dermestes frischi 1190 

  Dermestes caninus 776 

  Dermestidae sp. 1555 

 Elateridae Conoderus vespertinus 7 

 Melyridae Collops vittatus 16 

Dermaptera Anisolabididae Euborellia annulipes 53 

Orthoptera Gryllidae Eunemobius melodius 47 

 Anostostomatidae MS5 2 

 Acrididae Non-Forensic 

Important 
39 

Odonata Coenagrionidae Argia apicalis 11 

    

Hemiptera Lygaeidae Lygaeus kalmii 22 

 Reduviidae Zelus tetracanthus 17 

  Zelus renardii 41 

Diptera Asilidae Diogmites 

angustipennis 
140 

 Calliphoridae Chrysomya rufficies 963 

  Cochliomyia 

macellaria 
3911 

  Phormia regina 195 

  Lucilia cuprina 5 

  Calliphora livida 13 

 Muscidae Musca domestica 733 

  Musca autumnalis 65 

 Culicidae MS6 59 

 Dolichopodidae MS7 1 

 Anthomyiidae Anthomyiidae sp. 44 

  MS8 15 

 Polleniidae Pollenia rudis 30 

 Tachinidae Microphthalma 

disjuncta 
27 

  MS9 2 

  Peletaria sp. 17 

  Eumacronychia 

elongata 
1 

 Ulidiidae Physiphora alceae 49 

 Fanniidae Fannia scalaris 87 

 Sarcophagidae Sarcophaga johnsoni 179 

  Sarcophaga bullata 396 

  Sarcophaga linnaeus 1189 

  Sarcophaga carnaria 36 
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  Blaesoxipha 

plinthopyga 
590 

 Boettcheria Boettcheria sp. 216 

Blattodea Ectobiidae Blattella vaga 6 

 Blattidae Blatta orientalis 21 

Lepidoptera Geometridae MS10 4 

 Lycaenidae Leptotes marina 57 

  Echinargus isola 119 

 Noctuidae Helicoverpa zea 38 

 Nymphalidae Junonia coenia 1 

 Hesperiidae MS11 2 

 

4.2 Community Metrics 

Insect communities across habitats were analyzed using a single factor ANOVA 

analysis comparing three decomposer-community metrics across habitats (i.e 

morphospecies richness, total number of individuals and relative abundance of dominant 

taxa). Results showed an observable difference in the total number of individuals 

Figure 6 Total Abundance of Individuals by Day 

Table 4 Continued 
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collected between habitats, yet it was not statistically different (P = 0.071) (Figure 6, 

Table 4).  

Table 5 ANOVA for Total Number of Individuals 

 SS df MS F P-Value 

Between Groups 1281186.75 1 1281186.75 4.077405792 0.071 

Within Groups 3142161.5 10 314216.15   

Total 4423348.25 11    

 

Several of the most numerically dominant insect families were compared across 

habitats, showing that families Carabidae, Tenebrionidae Calliphoridae, Sarcophagidae, 

Ulidiidae were statistically different among habitats and families Silphidae, Scarabaeidae, 

Histeridae, Cleridae, Staphylinidae, Trogidae, Dermestidae, Boettcheria, Muscidae, 

Asilidae, Culicidae, Fanniidae, Anthomyiidae were not statistically different (Table 5,6). 

The total morphospecies (i.e. morphospecies richness) was statistically different across 

habitats (P = .0003) (Table 7). 

Table 6 ANOVA for Relative Abundance for the Order Coleoptera 

  SS df MS F p-value 

Silphidae Between Groups 

Within Groups 

Total 

1.026 1 1.026 0.919 0.360 

11.170 10 1.117   

12.197 11    

Scarabaeidae Between Groups 

Within Groups 

Total 

1.5841 1 1.584 0.390 0.546 

40.614 10 4.061   

42.199 11    

Carabidae Between Groups 

Within Groups 

Total 

3.1930 1 3.193 6.275 0.0311 

5.0878 10 0.508   

8.2808 11    

Histeridae Between Groups 

Within Groups 

Total 

75.651 1 75.651 0.427 0.527 

1769.3 10 176.937   

1845.026 11    

Cleridae Between Groups 

Within Groups 

Total 

3.131 1 3.131 1.743 0.216 

17.958 10 1.795   

21.089 11    

Staphylinidae Between Groups 

Within Groups 

15.008 1 15.008 2.604 0.137 

57.619 10 5.761   
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Total 72.627 11    

Tenebrionidae Between Groups 

Within Groups 

Total 

0.114 1 0.114 13.841 0.003 

0.082 10 0.008   

0.196 11    

Trogidae Between Groups 

Within Groups 

Total 

11.155 1 11.155 0.703 0.421 

158.478 10 15.847   

169.633 11    

Dermestidae Between Groups 

Within Groups 

Total 

0.307 1 0.307   

1392.287 10 139.228 0.002 0.963 

1392.594 11    

 

 

Table 7 ANOVA for Relative Abundance for the Order Diptera 

  SS df MS F p-value 

Calliphoridae Between Groups 

Within Groups 

Total 

755.094 1 755.094 13.091 0.004 

576.803 10 57.680   

1331.898 11    

Sarcophagidae Between Groups 

Within Groups 

Total 

619.778 1 619.778 17.400 0.001 

356.175 10 35.617   

975.953 11    

Boettcheria Between Groups 

Within Groups 

Total 

0.073 1 0.073   

25.287 10 2.528 0.029 0.867 

25.360 11    

Muscidae Between Groups 

Within Groups 

Total 

4.902 1 4.902 0.127 0.728 

383.957 10 38.395   

388.859 11    

Asilidae Between Groups 

Within Groups 

Total 

0.122 1 0.122 0.062 0.807 

19.404 10 1.940   

19.526 11    

Culicidae Between Groups 

Within Groups 

Total 

1.178 1 1.178 0.334 0.576 

35.263 10 3.526   

36.441 11    

Fanniidae Between Groups 

Within Groups 

Total 

2.851 1 2.851 2.917 0.118 

9.774 10 0.977   

12.626 11    

Ulidiidae Between Groups 

Within Groups 

5.148 1 5.148 4.937 0.050 

10.427 10 1.042   

Table 6 Continued 
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Total 15.575 11    

Anthomyiidae Between Groups 

Within Groups 

Total 

0.075 1 0.075 0.254 0.624 

2.950 10 0.295   

3.025 11    

Table 7 ANOVA for Taxonomic Richness 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 SS df MS F P-Value 

Between Groups 168.75 1 168.75 28.04709141 0.0003 

Within Groups 60.166 10 6.0166   

Total 228.916 11    
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4.3 Indicator Species  

 Indicator species analyses found five taxa with affinities for one of the two 

habitats. Five species had significant indicator values for cropland habitats, while six 

species showed an affinity for the grassland habitats (Table 8).  Pogonomyrmex barbatus 

had the largest significant indicator value for the grassland habitat with an indicator value 

of 99.9, and the species Eunemobius melodius had the largest indicator value for the 

cropland habitat at 93.6 (Table 8) 

Table 8 Indicator Species Analysis 

Species Indicator Value P Value Habitat 

Pogonomyrmex barbatus 99.9 .0018 Grassland 

Hister abbreviatus 74.8 .0418 Grassland 

Pasimachus depressus 88.9 .0042 Grassland 

Eleodis suturalis 76.9 .0266 Grassland 

Dermestes caninus 67.4 .03 Grassland 

Zelus renardii 97.6 .0042 Grassland 

Cicindelidia punctulata 89.7 0.0034 Row-Crop 

Eunemobius melodius 93.6 0.0018 Row-Crop 

Pollenia rudis 80.6 0.0286 Row-Crop 

Physiphora alceae 93.9 0.0096 Row-Crop 

Collops vittatus 83.3 0.0118 Row-Crop 
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4.4 Temperature Effect on Calliphoridae Species 

The three most abundant species of flies within Calliphoridae were analyzed in relation to 

ambient air temperature on each sampling date. All three species displayed a negative 

correlation with increasing temperature, with Phormia regina showing the strongest 

relationship and C. macelleria showing the weakest relationships between numbers of 

individuals collected and temperatures.(Figure 7,8,9) 

Figure 7 Relationship of temperature (℃) and abundance of P. 

regina 
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Figure 8 Relationship of temperature (℃) and abundance of C. 

macellaria 

Figure 9 Relationship of temperature (℃) and abundance of C. 

rufifacies 
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4.5 Insect Succession  

Decomposing insects varied in successional patterns across the two habitats 

(Table 10,11). Nicrophorus marginitus arrived within the first day of decomposition in 

the row-crop environment but was not present until the second day of decomposition in 

the grassland habitats. in the grassland habitat. This species was also absent on day seven 

of decomposition in the grassland, but was present during every sampling event in the 

cropland habitat. Necrobia. rufipes did not appear until the third day of decomposition in 

the cropland habitats, yet it arrived on the second day in the grassland habitats. 

Creophilus maxillosus, T. suberosis, D. marmoratus, and P. argoporus showed similar 

successional patterns among both habitats. Difference in successional patterns were also 

evident with C. chalcites, D. frischi, D. caninus, and H. abbreviates (Table 10-11). 

Within Diptera, variation among succession was shown by C. rufifacies (hairy 

maggot blowfly), where this species did not appear until day two of decomposition in the 

cropland habitat and it was not collected on day 7 of the study.  In the grassland habitat, 

C. rufifacies arrived on the first day, and was not present after day five. All other species 

of flies showed similar successional patters among the two habitats.   
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4.6 Decomposition Results 

 Analysis of decomposition was conducted both qualitatively though observations 

of carcass changes (See section 4.7) and quantitatively through decomposition rates, time 

of onset, and duration of each decomposition stage, modeled after Matuzewski et al 

(2010). An ordinal value was given for each of the stages of decomposition to facilitate 

statistical analysis (Table 11). A single factor ANOVA test was conducted for each of the 

decomposition categories and a linear regression analysis was conducted for decay rates. 

All replications across all fields reached the advanced decomposition stage in seven days, 

with field A1 the only to end decomposition in six days.  Overall, the cropland habitat 

displayed larger variability in decay rates compared to the grassland habitat. 

 

 

Both field types entered the early stage of decomposition within the first 24 hours 

of decomposition. This was consistent across all three replications, and as such no 

statistical analysis was conducted. The carcasses in the cropland habitat had consistently 

lower time in early decomposition than the grassland habitat, with a .5-1.5 day difference 

lower (P = 0.016).  

Table 11 Onset and Duration of Decomposition Stages 

 Cropland R1 Grassland R1 Cropland R2 Grassland R2 Cropland R3 Grassland R3 

 Mean  Range  Mean Range Mean Range Mean Range Mean Range Mean Range 

Onset of Early 

Decomposition 

1 1-1 1 1-1 1 1-1 1 1-1 1 1-1 1 1-1 

Duration of Early 

Decomposition 

2.5 2-3 3 3-3 2 2-2 3 3-3 2.5 2-3 3 3-3 

Onset of Advanced 

Decomposition 

3.5 3-4 4 4-4 3 3-3 4 4-4 2.5 3-4 4 4-4 

Duration of 

Advanced 

Decomposition 

4.5 4-5 4 4-4 5 5-5 4 4-4 4.5 4-5 4 4-4 
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The cropland habit entered advanced decomposition faster than the grassland 

habitat, with a mean range 2.5-3.5 days (P = 0.025). The grassland habitat showed low 

variation across all three replications at the Day 4 interval.  

The cropland habitat stayed in the advanced decomposition stage longer than the 

grassland habitat (P = 016). The grassland habitat showed consistency across replicates 

with 4 days in the advanced decomposition stage, and the cropland habitat varied from 

4.5-5 days in this advanced stage.  

4.6.2 Decay Rate Analysis 

The linear decay rate for each of the replications was determined for each of the 

subset/county location (Fig. 10).  In replication one, croplands decomposed more slowly 

during days 3-5 as compared to the grassland habitat. In replication two, the cropland 

environment progress faster during days 1-4. In the third replication, decomposition in 

the cropland habitat progressed faster during days 3-5. 
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Figure 10 Decomposition Score by Day and Replicate 
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The numerical values given to each stage of decomposition (see Table 7) were 

plotted according to habitat type, and a liner regression was plotted for each habitat to 

display a total rate of decay. (Figure 11). The linear regression equation for the cropland 

habitat was: Cropland = 4.7380952 + 1.2321429*Days) and for the grassland habitat the 

equation was Grassland = 3.952381 +1.3392857*Days). The pearson correlation for the 

cropland was (r=.9422) and for the grassland (r=.9689). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 Decay Rate for Habitat Type 
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4.7 Weather Data 

 Ambient air temperature at the test sites ranged from 30℃-50℃. Weather 

Data provided by NOAA showed a range of 31℃-42.77℃. No precipitation was 

recorded during this study, and relative humidity ranged from 0%-41%. The highest 

mean temperature occurred at field B2 during replication 1, at 47℃. All recorded weather 

data is displayed in Table 12. 

  

 Table 12 Weather and Field Observed Data 

 Site Recorded Ambient 

Air Temperature (℃) 

NOAA Daily High 

Air Temperature (℃) 

Humidity (%) Soil 

Temperature 
(℃) 

Carcass 

Temperature (℃) 

Precipitation 

(Inches) 

 Range Mean Range Mean Range Mean Range Mean Range Mean Total 

A1R1 32-45 

 

39.57 35-42.77 39.16 0-36 13.86 30.77-

59 

46.72 31.89-

53.50 

44.67 0 

A1R2 40-46 43.57 31-38.33 35.38 0-39 13.71 48.33-
62.39 

52.44 41.72-
59.88 

49.5 0 

A1R3 38-49 44.67 33-39.44 35.63 0-36 6.00 37.88-

66.27 

59.55 40.16-

73.55 

61.5 0 

B1R1 37-50 44.57 35-42.77 38.41 

 

0-25 3.57 36.66-

63.77 

54.61 44.50-

65.16 

55.22 0 

B1R2 42-50 46.71 31-37.22 35.24 
 

0-31 12 46.27-
59.66 

54.55 46.66-
65.38 

57.11 0 

B1R3 35-48 45.14 33-38.88 

 

35.05 0-39 9.57 34.16-

61.16 

47.27 44.00-

80.00 

64.83 0 

A2R1 30-46 40.57 35-42.77 39.16 
 

0-36 21.86 31.66-
48.55 

44.72 30.00-
46.88 

40.72 0 

A2R2 36-45 39.86 31-38.33 35.38 

 

0-38 25 38-

64.38 

47.55 35.66-

63.00 

46.27 0 

A2R3 34-43 41.14 33-39.44 35.63 
 

0-40 9.57 41.66-
65.27 

55.38 39.16-
67.66 

55.33 0 

B2R1 37-54 47.00 35-42.77 38.41 

 

0-27 3.85 40.55-

63.44 

52.83 49.00-

61.11 

57.11 0 

B2R2 40-47 45.57 31-37.22 35.24 
 

0-41 18.71 56.00-
60.55 

58.33 49.38-
63.16 

56.72 0 

B2R3 35-50 41.57 33-38.88 35.05 

 

0-40 9.71 41.50-

65.88 

57.61 45.94-

70.55 

59.27 0 
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4.7 Decomposition Observations 

Replication 1 Day 1 

On the first day, all carcasses exhibited bloat and discoloration of lower belly 

region to a green color. Sunburn of the upper part of the carcass was visible on field B1. 

All carcasses had a bloodlike purge excreted from the mouth. A yellow protuberance was 

also visible coming out of the anal opening for all fields. No further observational 

qualities were recorded at this stage of the decomposition process between both field 

sites. (Figure 12) 

Replication 1 Day 2 

On day two, the carcasses in Subset A reached the final stage of early 

decomposition. Bloat was no longer present, and the carcasses had ruptured due to the 

release of putrefactive gas build up. Carcass in grassland field A2 had a large rupture 

extending across the torso width, darkening of the skin to a dark brown and black, as well 

as fluid pooling near the rear legs. Carcass in field A1 has also ruptured with sinking of 

the middle torso unto the rib cage, extensive purge surrounding the carcass, and loss of 

rigor. This carcass was also displaying a darkening of the skin, but to a lesser degree as 

field A2. Subset B remained in stage four of early decomposition as both carcasses were 

still bloated. Field B2 shows a small split of the skin, approximately 4” inches in length 

on the abdomen, but with no visible gas accumulation.  The same type of tissue rupture 

was observed on the carcass in Field B1 within the same body region and with similar 

dimensions (Figure 13) 
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Figure 12 Replication 1 Day 1: Cropland on Right, Grassland on Left 

Figure 13 Replication One Day Two: Cropland on Right, Grassland on Left 
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Replication 1 Day 3 

On the third day of decomposition the B subset field carcasses reached the fifth 

stage of early decomposition, while carcasses in the A subset fields were in the 1st stage 

of advanced decomposition. The B field carcasses are no longer in bloat and have 

ruptured. Field B2 carcass has ruptured along the entire length of the torso, with internal 

organs visible. Skin has discolored to a very dark brown. Field B1 has ruptured to a lesser 

degree, with extensive moisture visible on the carcass. The skin of the underbelly has 

changed to a deep red color. Carcasses in the A subset both have caving of the torso. The 

underbelly has continued to darken. The carcass in field A2, exposed organs have begun 

to desiccate, with maggot mass visible near the underside of the carcass, and behind the 

ear. (Figure 14) 

Replication 1 Day 4 

The 4th day of decomposition showed wider variety among the carcasses in both 

field sites. The carcasses in field A1 was in stage 1 of advanced decomposition, indicated 

by continual wet decay after bloat, but no visible skeletal or mummification progression. 

The skin has taken on more of a leathery appearance. The carcass at field A2 was in the 

second stage of advanced decomposition. This carcass has continued to lose moisture, 

with biomass loss as observed by sagging of the external skin unto the skeletal structure. 

Larval masses are visible underneath the top layer of hide. Bone exposure visible behind 

the left ear. Carcasses in field B1 was in the first stage of advanced decomposition. The 

external skin has begun to sink unto the skeletal frame, and maggot masses were 

observed. The rupture on the rear left side of the carcass has begun to desiccate. The 

carcass in field B2 is in the second stage of advanced decay. Moisture was still present, 
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and internal organs were still intact. Skeletal remains are visible on the jaw and behind 

the ear. (Figure 15) 
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Figure 14 Replication One Day Three: cropland on right, grassland on left 

Figure 15 Replication One Day Five: cropland on right, grassland on left 
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Replication One Day Five 

On day five the carcass in field A1 was in stage 2 of advanced decomposition. 

The carcass has significant sinking of the skin unto the rib cage with purge present 

underneath the carcass. Bone exposure is visible on the bottom portion of the rib cage and 

on the rear legs. Field A2 was in stage 3 of advanced decomposition. Visible moisture 

still visible in the bottom rear portion of the torso. No bone exposure was observed. The 

carcass in B1 was in stage 3 of advanced decomposition. Drying of the external skin has 

begun, with wet decay still occurring on the lower portions of the carcass. Large larva 

masses visible beneath the upper layer of skin. The carcass at B2 was in the third stage of 

advanced decomposition. Visible orans still intact and undergoing wet decay, with 

mummified skin being visible on the head and rear legs. (Figure 16) 

Replication One Day Six 

 The carcass at field A1 was in stage 3 of advanced decomposition. The carcass 

external skin continues to undergo desiccation, with degradation of internal organs due to 

larva mass activity. The carcass at field A2 was in stage 4 of advanced decomposition. 

Mummification of all visible organs present, with exposed fat tissue hardened to a solid 

state, and mummified skin visible on the head and back. The carcass at field B1 was in 

stage 4 of advanced decomposition as well. The carcass at field B2 was in stage four of 

advanced decomposition. Internal organs have lost structure, and mummification visible 

on head, back and rear legs. (Figure 17) 
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Figure 16 Replication One Day Five: cropland on right, grassland on left 

Figure 17 Replication One Day Six: cropland on right, grassland on left 
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Replication One Day 7 

All carcasses reached Stage five of advanced decomposition on day seven. All 

moisture has left the carcasses, with any visible organs and skin mummified.  At field A1, 

the carcass has bone exposure less than one quarter was visible on the ribcage. The 

carcass at field A2 had bone exposure on the rib cage and lower front legs. The carcass at 

field B1 had bone exposure on the rib cage and back legs. The carcass at field B2 had 

bone exposure on the jaw, and rear legs. Having reached the final stage of advanced 

decomposition, the first replicate was concluded. (Figure 18) 
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Figure 18 Replication One Day Seven: cropland on right, grassland on left 
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Replication Two Day One 

In day one of decomposition the carcasses at field A1 and B2 are in the bloat 

stage, and categorized as Stage four of early decomposition. A bloodlike purge can be 

seen coming from the mouth of both carcasses, and the underbelly of the pigs have begun 

to discolor to a green color. Both carcasses also have yellow protuberance coming from 

the anal opening. The carcasses at fields A2 and B2 were in the 3rd stage of 

decomposition, as they had not yet started to bloat, although both carcasses have rigidity 

to them, as well as purge from the mouth. (Figure 19) 

Replication Two Day Two 

Day two of decomposition in the agricultural fields, had the carcasses at stage five 

of early decomposition. The carcass in field A1 has ruptured, with decomposition fluid 

located on the rear torso of the carcass. The coloration of the skin has gone from green to 

a dark brown.  The carcass at field B1 has a rupture in the middle torso, approximately. 6 

inches in length. Skin has turned to a dark brown. Both carcasses at the grassland fields 

have entered bloat, and are in stage four of early decomposition. The carcass at field A2 

has discoloration on the bottom skin turning green. Decomposition fluid was noted as 

leaking from the eye socket, and a wound in the chest. The carcass at field B2 has 

extensive purge coming from the mouth, and discoloration of the lower torso. The eye on 

the dorsal side had begun to be extruded from the skull. (Figure 20) 
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Figure19 Replication Two Day One: cropland on right, grassland on left 

Figure 20 Replication Two Day Two: cropland on right, grassland on left 
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Replication Two Day Three 

Day three of decomposition showed both carcasses at the row-crop fields in stage 

one of advanced decomposition. Both carcasses showed extreme maggot mass activity, 

and caving of exterior flesh on to the ribcage. The carcass at field B1 shows exposure of 

internal organs on the middle torso. Separation of hair follicles from the hide had 

revealed slight mummification on the back. Carcasses in the grassland fields exhibited 

wet decay and are in stage five of early decomposition. Both carcasses have ruptured and 

show extensive larva mass activity, and discoloration of the skin from green to dark 

brown (Figure 21).   

Replication Two Day Four 

Day four of decomposition showed variation between the field types. The carcass 

in field A1 was in stage two of advanced decomposition. Bone exposure visible on the 

legs, and active wet decay was still present. Mummified skin visible on the back. The 

carcass in field A2 was also in the second stage of advanced decay. Extensive larva mass 

activity and wet decay visible. Bone exposure on the forward and rear legs. Bone 

exposure also visible on the head. The carcass in field B1 was in the third stage of 

advanced decay at this point. Limited larva mass visible, with mummified skin visible 

throughout the carcass, covering more than one half. Internal organs still hold structure 

and wet decay still active. The carcasses in field B2 was also in stage three of advanced 

decay. Very limited maggot mass activity was seen. Mummification of skin visible 

throughout the corpse, internal organs still have some structure, with wet decay still 

active. (Figure 22) 
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Figure 21 Replication Two Day Three: cropland on right, grassland on left 

Figure 22 Replication Two Day Four: cropland on right, grassland on left 
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Replication Two Day Five 

Day five of decomposition showed consistency in the grassland, but not the 

cropland. The carcass in field A1 was in the stage of four of advanced decay, along with 

the carcasses in fields A2 and B2. All three of these carcasses exhibited extensive 

mummification, with internal organs no longer holding shape or form, but with wet decay 

still active. larva masses present but to a lesser degree. The carcass at field B1 was in 

stage three of advance decay. Mummification was present, but internal organs still 

present and in wet decay. (Figure 23) 

Replication Two Day Six 

On day six, all of the carcasses were in stage four of advanced decay. 

Mummification of outer tissue and internal muscles visible on all three of the carcasses, 

with wet decay active but no internal organ structures present. Significant decrease in 

larva mass activity was seen. (Figure 24) 
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Figure 23 Replication Two Day Five: cropland on right, grassland on left 

Figure 24 Replication Two Day Six: cropland on right, grassland on left. 
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Replication Two Day Seven 

On day seven, all four carcasses in both sites reached stage five of advanced 

decay. No moisture present in the carcasses, no organ tissue was present, and external 

skin tissue have reached a state of mummification. Bone exposure visible on legs, back, 

and head of A2. Bone Exposure visible on ribs and legs of the carcass at field A1. The 

carcass at field B2 has bone exposure on rear legs. The carcass at field B1 has bone 

exposure on head and legs. (Figure 25) 
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Figure 25 Replication Two Day Seven: cropland on right, grassland on left 
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Replication Three Day One 

On the first day of replication 3, the carcass at field A2 was in the early stage of 

decomposition. On the head of the carcass, bloody fluids  have been purged from the 

mouth. The eye on the posterior side of the carcass has extruded from the skull. The torso 

of the carcass exhibits signs of early bloat, and sunburn on the exposed underbelly of the 

pig, where there is a lack of hair. The anal opening appeared to have a large yellow 

protuberance emerging from the anal cavity. The carcass in field A1 was also in the stage 

of early decomposition. The head showed signs of blood purge from the mouth and the 

eye was also extruded from the skull. Full bloat had begun, with discoloration of the skin, 

turning it into a green/grey color. A large yellow protuberance was present in the anal 

cavity. These carcasses showed similarity on the first stage of decomposition, with only 

minor difference in the degree of bloat, and the sunburn found in the grassland 

environment. 

The carcass at the grassland field of subset B was in the early stage of 

decomposition. This pig carcass also shows more advanced signs of decomposition. The 

head has blood purge from the mouth, and the eye extending beyond the skull. The trunk 

of the carcass shows signs of sunburn, bloat, and gray/green coloring. The sunburn is 

more extreme than what was seen in the A subset fields. On the posterior end of the 

carcass, the anal cavity has the same yellow protuberance. Noted was also a split of the 

skin beneath the anal opening. It is highly unusual that enough gas would have developed 

in order to cause a split of the skin this early in decomposition but is also most likely due 

to the extreme heat of the circumstances. The carcass at the row-crop field in the B subset 
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was also in the early stage of decomposition, the head exhibited the same bloody purge 

found in all other carcasses, and the same with the eye extension. The trunk of the carcass 

showed extreme signs of bloat with gray/green discoloration of the underbelly. The 

carcass also had fluid leakage occurring behind the left rear shoulder. The posterior end 

of the carcass had the same yellow anal protuberance. (Figure 26) 

Replication Three Day Two 

On day two, the carcass at field A1 displayed less bloat than the day before. All 

other signs of decomp from the previous day were present. Extensive purge of 

decomposition fluid is visible coming from the dorsal eye socket. Sagging of skin and 

fluid is visible in the trunk of the carcass. Leakage of decomposition fluids can be seen at 

behind the forward left leg. Larva mass was observed in the ear and mouth of the carcass. 

At this point, the carcass is in stage 4 of early decomposition. The carcass in field A2 

showed signs of sagging of the abdominal cavity, with discoloration of the skin turning 

green to brown. More purge is visible from the mouth, and all signs of decomposition 

found in the previous day are still visible. It was scored at stage 4 of early decomposition. 

On field B1, the row-crop field, the carcass showed extensive signs of fluid all over the 

carcass. Extensive purge with maggot mass activity can be seen underneath the carcass. 

The carcass exhibits bloat, with less turgor than the day before. There appears to be a 

settling of fluids in the carcass, with discoloration of the underbelly, turning a dark shade 

of green. This carcass was scored as stage 4 of early decomposition. In the grassland field 

B2 the carcass was still undergoing bloat. Internal decomposition liquid appeared to have 

begun settling. Sunburn was still present. The skin burst underneath the anal opening 

widened, but no insect colonization has occurred there. larva mass was present in the 
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mouth of the carcass. Skin on the lower belly has begun to lose moisture and appear 

leatherier. This carcass is in stage 4 of early decomposition. (Figure 27) 
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Figure 26 Replication Three Day One: Cropland on right, grassland on left 

Figure 27 Replication Three Day Two: cropland on right, grassland on left 
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Replication Three Day Three 

On day three, the carcass in field A1 underwent significant change. The carcass is 

no longer in bloat, and internal gases has caused the carcass to rupture. Significant larva 

mass can be seen present on the lower portions of the carcass. Exposed areas of leathery 

skin are present on the head, back, and rear. Exposed bone can be seen on the back rear 

leg. The loss of biomass and level of decomposition is higher than what is normally 

expected after 3 days. This carcass is scored as stage 3 of advanced decomposition, due 

to the retention of internal organs, but the presence of exposed mummified skin. The 

carcass at Field A2 is no longer in bloat, and has ruptured due to the buildup of internal 

gases. Large larva mass was observed in the rear torso, where rupture occurred. Visible 

skin is dark brown in color. This pig was scored as stage 5 of early decomposition due to 

the rupture of the bloat and darkening of the skin. Subset B Field Carcass B1 at this point 

is no longer in bloat. The carcass has ruptured and displays significant moisture across 

the whole carcass. Exposed leathery skin is visible on the hand, near the mouth and ear. 

A white foam can be seen along the bottom portion of the carcass, with no large larva 

mass visible. Visible skin on the underbelly of the carcass has darkened to a brown. It is 

scored as stage 6 of early decomposition due to the rupture and darkening of the skin. 

The carcass in field B2 was no longer in bloat and ruptured in the lower torso of the 

carcass. The extent of the rupture is to a lesser degree than what was seen in the other 

fields. The skin darkened to a brow, and a white foam is present near the rupture. No 

large larva masses present at this time. This field is scored as stage 5 of Early 

Decomposition. (Figure 28) 

Replication Three Day Four 
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On day four, the carcass in field A1 was categorized as stage 4 of advanced 

decomposition. Mummified tissue is present all over the carcass and there is no visible 

maggot mass. The carcasses at field A2 and B2 was scored as stage 1 of advanced 

decomposition. Wet decay is still active, and bone exposure is visible on the rear legs. 

The carcasses at Fields B1 and B2 were both scored at stage 1 of advanced 

decomposition. They exhibited signs of wet decay and of the external skin collapsing 

onto the bone structure. (Figure 29) 
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Figure 28 Replication Three Day Three: cropland on right, grassland on left 

Figure 29 Replication Three Day Four: cropland on right, grassland on left 
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Replication Three Day Five 

On day five, the carcass at field A1 was scored as stage 4 of advanced 

decomposition. All internal organs have lost structure, and significant mummification has 

occurred. The carcass at field A2 was scored as stage two of advanced decay. This is in 

part due to bone exposure being present on the legs and rear part of the carcass, with wet 

decay still going on. The carcasses at fields B1 and B2 were scored as stage 3 of 

advanced decay. This is due to the mummification visible throughout the carcass, but 

visible organs still retaining structure. (Figure 30) 

Replication Three Day Six 

On day six, the carcass at field A1 has reached stage 5 of decomposition. No 

moisture is left and complete mummification has occurred. Because of this, the carcass at 

field A1 was concluded. The rest of the carcasses were in stage four of advanced 

decomposition, as mummification is widespread and no structure of internal organs is 

visible, but wet decay is still active. (Figure 31) 

Replication Three Day Seven 

On day seven, all carcasses reached Stage 5 of active decay. No visible moisture 

or larva masses are apparent, and complete mummification has set in. Replication three 

was concluded on this day. (Figure 32) 
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Figure 30 Replication Three Day Five: cropland on right, grassland on left 

Figure 31 Replication Three Day Six: cropland on right, grassland on left 
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Figure 32 Replication Three Day Seven: cropland on right, grassland on left 
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Chapter V 

Discussion 

5.1 Research Novelty 

 This research fills a gap in current knowledge with respect to decomposition rates 

and insect succession comparing grassland and agricultural row-crop habitats in the 

United States. It is also the first recorded forensic entomology studied conducted in a 

field of cotton (Gossypium hirsutum). The human analogs used in this study more 

accurately represent human decomposition compared to other studies due to the analog 

model used, and total mass of the models closely representing adult human cadavers. The 

recorded temperatures in this study were also higher than any previous decomposition or 

forensic entomology research. 

5.2 Insect Succession 

 The succession of ground-dwelling insects displayed greater variation between 

the two habitat types than flight-borne insects. This can be explained due to the increased 

range of the flight-borne insects. These species, primarily Calliphoridae, Muscidae, and 

Sarcophagidea, have previously been reported as having a maximum range of 10km in 

four days [50]. This flight range means that flight borne insects fare less likely to be 

dependent on their immediate micro-habitat and are more ubiquitous across a larger 

region. In contrast, ground-dwelling insects do not have such a large range and are more 

reliant on their immediate habitat. In the flight borne insect group only one species 

(Chrysomya rufifacies) displayed variation in succession timing, with this species 

arriving first in the grassland habitat and disappearing the latest in the row-crop habitat. 
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5.3 Community Structure 

 The grassland environment had a more diverse community of insects present, and 

a more abundant community. The larger diversity in the grassland habitat is directly 

related to the larger diversity of vegetation in the grassland. A previous study found that 

there is a positive correlation between plant diversity and arthropod diversity [51]. The 

row-crop field consisted of only one type of plant and provides very limited shelter and 

forage types for arthropods. The grassland fields inversely had various types of plants 

present, and thus provided a habitat suitable for a more diverse insect community. 

 The difference in community abundance can be attributed to the difference in 

ambient air temperature and surface soil temperature. The row-crop habitat experienced 

higher average temperatures for both the air and soil. Temperature directly affects insect 

physiology, with temperatures reaching the upper thresholds that inhibit insect activity. In 

addition, the grassland habitat took longer to advance through the early stages of 

decomposition where insect activity is the most abundant. 

5.4 Indicator Species 

 This study found several indicator species for each of the two habitats studied. 

The species with the highest indicator value (99.9) in the grassland was Pogonomyrmex 

barbatus commonly called the Red Harvester Ant. This species develops large 

subterranean colonies with no vegetation near the openings [52]. The significant affinity 

that this species has for the grassland is due to the extensive tillage in the row-crop 

environment that disrupts the formation of colonies. This species also forages for food 
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from vegetation and is not necrophagous. The species was most probably drawn to the 

moisture of the carcass and pitfall traps. 

 Two larger Coleoptera species were also indicators for the grassland environment, 

Pasimachos spp. (Warrior Beetle) and Eleodes suturalis (Red Backed Darkling Beetle). 

Previous studies showed that darkling beetles have a preference in environments based on 

seasonality. During the summer they have an affinity for higher vegetative environments, 

due to a wider availability of shelter from high temperatures [53]. This explains why this 

species was had a stronger affinity for the grassland habitat during this trial. Pasimachos 

spp is a predatory ground beetle whose habitat consists of areas with large amounts of 

ground cover for shelter during the day [54]. The grassland habitat had more ground 

cover present, and the warrior beetles were drawn to the carcass due to the availability of 

prey in the form of fly larva. 

 Among the indicator species for the grassland habitat, two are considered to be 

common forensically important species. These were the Hister abbreviatus and 

Dermestidea caninus. The affinity of these species is due to the higher level of carrion 

naturally occurring in the grassland environment, as well as higher levels of dung from 

mammalian species. 

 In the row-crop habitat, five indicator species were determined. The species with 

the highest indicator value (93.6) was Pollenia rudis (Common Cluster Fly). During the 

summer, the cluster fly adults are herbaceous, but larva are parasitic to earthworms [55]. 

The affinity for this species for the row-crop habitat is due to the presence of moist soil 

caused by the pivot irrigation. This soil in return may increase the community of 

earthworms and be an attractant to this species. The indicator species in the genus 
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Condylostylus was also present due to the presence of irrigation. Another indicator 

species was the genus Gryllus. This is the common field cricket, and has no forensic 

relevance, and is thusly an incidental species. Cicindela punctulata (Punctured Tiger 

Beetle) was another indicator species in the row-crop habitat. This species is a predatory 

insect and likely was attracted to the decomposing carcasses due to the high abundance of 

prey species. The affinity for the row-crop environment can be described due to this 

species ovipositing during the summer. Previous studies have shown that this species has 

a preference for habitats with looser soils in order to lay eggs [56]. The soil in the row-

crop areas were less compacted due to constant tillage. 

5.5 Weather Data 

 There was also a significant difference between the observed field ambient 

temperature, and weather data provided by NOAA. This was likely due to the low 

specificity of the NOAA database, which provides data on a county level. Researchers 

have shown that the temperatures between regional weather stations and field 

observations can be significantly different and can affect determining a PMI [57]. The 

lack of a field weather data logger also limits the understanding of how the heat impacted 

this study. To ensure that the timing of sampling did not impact the results, the two 

subsets were sampled during two different times of the day and provided a consistent 

comparison across the two habitats. 

5.6 Decomposition Rates 

A difference in decomposition rates was observed between the two fields, with 

the row-crop habitats progressing through the early stage of decomposition faster and 

through the advanced stage of decomposition slower. Potential reasons for this 
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occurrence can be attributed to the effect of temperature on the decomposition process in 

these habitats.  With higher temperatures being recorded in the row-crop habitat, 

carcasses degraded at a much faster rate.  The early stage of decomposition is 

characterized by active bloating and purging of bodily fluids due to gas accumulation 

from putrefactive processes.  With the high temperatures, the loss of moisture accelerated 

the stages of early decomposition. The grassland environment was able to progress faster 

through the advanced stage of decay due to the increased insect activity. This active 

interaction between carcass and insects allowed for the rapid degradation of internal 

organs and external structures, yielding a faster onset of the skeletal stage.  

5.7 Extreme Heat 

 The effect of the recorded extreme heat in this study resulted in multiple abnormal 

insect behaviors. During sampling, little to not flight activity was observed on or near the 

carcasses, and 

Coleoptera 

specimens were 

visibly rare. Diptera 

species were located 

in the shade of the 

carcass, as seen in 

Figure 33. Due to 

this, sweep net collection 

and hand collection resulted in insignificant number of specimens comparative to passive 

trap collection. Previous studies have reported that during extreme heat conditions, insect 

Figure 33 Calliphoridae in the shade 
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activity is limited to the hours at the beginning and end of the day when temperatures are 

lower [14]. 

 In previous studies, larval masses are reported as initially colonizing orifices of a 

carcass due to the ease of access to softer decomposing tissue [58]. This was not observed 

during this study, as maggot masses were observed in the shaded areas of the carcass (See 

Figure 34). This has 

been reported as being 

due to the larva’s 

willing to trade nutrient 

availability for cooler 

temperatures to prevent 

desiccation. 

Temperature recordings 

showed a difference in 

5.1℃ between the external carcass temperature and the shaded areas where maggot 

masses were present. Members of the calliphorid family were also present as they were 

grounded in the shaded areas. Previous studies showed that the temperature threshold for 

calliphoridae survivability is near 38℃ [59]. The temperatures recorded at the test 

locations far exceeded this. In addition, other studies have reported that higher 

temperatures result in fewer eggs laid per individual, resulting in smaller maggot masses 

[60]. 

 The extreme heat also caused a rapid desiccation of the carcasses, with complete 

mummification occurring in seven days. The carcasses also bloated within 24 hours after 

Figure 34 Maggot Mass in Shade 
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death, and rupture resulted in large splits along the torso. Sunburn on the lower 

abdominal was also present but was not present on the upper back. This area sunburned 

due to the lack of hair, and tougher hide. In the first replication, the carcass located in the 

grassland habitat B2 also experience a ‘double bloat’. After the initial rupture of the 

external skin, the internal organs became exposed to direct sunlight, and several of the 

intact organs begat to bloat as well. 

5.8 Chemical Herbicide Application 

 During this study, a single chemical herbicide application was noted in Field B1 

on 7/16/2020. This application consisted of 8 ounces of 3,6-dichloro-2-methoxybenzoic 

acid (Dicamba) and 32 ounces of glyphosate (Roundup) per acre. Both agro-chemicals 

are herbicides and have no reported physiological impact on faunal communities. The 

total specimens collected from this field 24 hours after application displayed an overall 

decrease in community abundance, but this decrease was also present in all three 

replications. As such, it can be tentatively assumed that the herbicide application had no 

impact on the successional results. 

5.9 Decomposition Rate Considerations  

 The first reason for the variation in decomposition rates can be attributed to the 

time constraint of placing the carcasses in the respective test sites. Travel time from 

acquiring the carcasses to the first subset was around 2 hours, with the pigs being killed 

within 30 minutes before arrival. Before the analogs were placed in the test fields, 3 

hours already passed since time of death. Due to the location of the carcasses within each 

field not being accessible by vehicle, the carcass had to be carried to each respective 

location, and traps reset. This process took 40 minutes for each carcass. Travel time 
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between subsets was 30 minutes. A time difference of approximately 2.5 hours was 

present between the time that the first and last carcass was placed. This time variation 

may have contributed to the total variation seen in decomposition stages and in insect 

succession. Although potentially significant, there is no alternate procedure without the 

use of multiple teams of researchers. 

 Variation in decomposition was also due to the variation in weather. Ambient air 

temperature varied drastically across all three replications. Because of this, the field types 

showed consistency among the replications, but not between them. This same variation in 

temperature could possibly have altered insect mobility, and the insect community. 

 Plant growth and ground cover also changed between each of the replications. As 

the study progressed, the cotton fields continued to grow, potentially changing the insect 

community present. In the first replication, cotton growth was around 6 inches, but during 

the last replication cotton was flowering.  

 Timing between replications is the last primary limitation of the study.  Due to the 

time and location constraint of the field trials, each replication was conducted within one 

week of each other. This time period may not have been enough to allow the insect 

community of the respective fields to return to a baseline normal and may have left 

residual insect populations on site from the previous replication occurrence.   

  Future research in this area can be directed toward conducting more replications, 

as well as implementing onsite weather data logging. It is also recommended that the 

study be replicated throughout multiple seasons to verify results as a function of 

temperature fluctuations intrinsic to the geographical region targeted.  Future studies 
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should also be conducted across a wider region, in order to isolate the effect of land 

management rather than regional fauna.  

Through the literature review, the author did not find a standardized method to 

analyze insect succession. To standardize the forensic entomology field, a standardized 

trapping and recording method needs to be establish. Several previous studies use only 

one type of trapping method, and the quantities of traps vary drastically. This can lead to 

altered results between studies and makes continuity difficult. This study combined 

several types of trapping methods in order to gain a holistic approach at all insect 

succession and is therefore more beneficial to understanding complete succession. The 

lack of standardization in forensic entomology creases a severe lag in applying research 

results of more than one specific scenario in which a study has been specifically 

established. 

 The author also found it time consuming and difficult to locate previous 

succession studies that have been conducted within the United States. It is the opinion of 

the author that a centralized database needs to be created to collect all the results from 

succession studies in the United States, as well as case studies. This would further 

enhance the feasibility of forensic practitioners to have access to this type of information 

and would further help increase the field of forensic entomology by allowing researchers 

to readily know that environmental or climatic conditions have yet to be examined, and 

further succession studies to fill in these gaps of knowledge. This combined with a 

standardized form of successional study can greatly enhance the reliability and credibility 

of entomology as a forensic field. 
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Chapter VI 

Conclusion 

 This study is the first forensic entomology and decomposition study conducted in 

an agricultural row-crop habitat. A total of three replicates were conducted during the 

2019 summer season using pig carcasses as the animal model for study. Carcasses were 

placed in both grassland and cotton crop habitats to evaluate insect succession and 

decomposition rates in these deposition sites.  The results of this study showed a 

difference in insect succession, community, and decomposition rate between a grassland 

and row-crop habitat.  Insect succession was determined to be different due to the 

cropland habitat displaying a delayed arrival of several species of forensically important 

insects. Taxonomic richness between the two habitats was also significantly different, 

with the cropland habitat having lower diversity. Relative abundance of dominant taxa 

was also different between the two habitats. The rate of decay for the carcasses in the 

grassland habitat was faster, and the cropland habitat displayed more variation in the time 

of onset for decomposition stages.  This provides the first look at how forensic 

entomology principles change based not only on the region, but within smaller subsets. 

Application of this research is to provide a foundation for further study into how land 

management can affect faunal succession, as well as providing a supplemental study for 

current forensic practitioners to create more accurate PMI predications in a criminal 

investigation and provide more accurate information for the field of forensic science. 

This study also lays the groundwork for a more standardized method to study insect, 

further developing the reliability of the field of forensic entomology. 
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Appendix 
Table 13 Relative Abundance of Order Coleoptera 
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Table 14 Relative Abundance Order Diptera 
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