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Abstract 

Using a terrestrial-based field study, the abundance and diversity of 

necrophagous insects were monitored over a nine-month period within distinct 

environments in the Metro Vancouver region of BC, Canada. Acting as body proxies, 

small baited bottle traps (n=9) were deployed weekly for 12-hour intervals in three 

different environments, accumulating a total of 1334 specimens. Collected specimens 

were analyzed microscopically to determine species ID, sex, and gravidity. Ambient 

temperature and precipitation data for each site was obtained from the nearest 

government weather station. Following the same procedures, a second component of 

the study analyzed the influence of light intensity on carcass colonization by placing 

bottle traps (n=9) in shaded areas at each site. Bivariate analyses revealed significant 

relationships between species, geographic location, and month of collection, suggesting 

that necrophagous species composition is influenced by habitat type and seasonal shifts 

in temperature. Sex ratios, reproductive ranges, and light preferences of Calliphoridae 

were examined. 

 

Keywords:  Forensic Entomology; Necrophagous Insects; Blow Fly Oviposition; 

Calliphoridae; Early Carcass Colonization 
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Chapter 1.  
 
Introduction 

The forensic sciences encapsulate a multitude of scientific disciplines that are 

used in legal contexts to provide information through the analysis of evidence from a 

scene. Of these disciplines, one that is currently growing in popularity and acceptance in 

the field of forensics, is medico-legal entomology. Medico-legal entomology represents a 

distinct subsection of forensic entomology that utilizes insects in investigations to 

understand information surrounding a death (Amendt et al., 2011; Haskell, 2007). The 

collection and analysis of specific types of insects, such as Calliphoridae (blow flies), 

from a death scene can aid in many ways, including (1) toxicology testing for chemical 

compounds in a body, (2) determination of the presence/location of wounds on a body or 

(3) the movement of a body post-mortem, (4) identification of cases of negligence or 

abuse in living victims, and most importantly, (5) estimation of a minimum post-mortem 

interval (PMI) (Amendt et al., 2011; Haskell, 2007; Rivers & Dahlem, 2014). 

Entomological evidence is considered to be one of the most accurate measurements 

available for the estimation of a minimum PMI once 72 hours have elapsed since the 

time of death (Rivers & Dahlem, 2014; Saferstein, 2015). In medico-legal forensic 

entomology, two methods, (1) larval development of blow flies and (2) successional 

ecology, are used to assess the necrophagous community on a body and understand 

the details of a crime scene (Rivers & Dahlem, 2014). To accurately estimate a minimum 

PMI using blow flies or other insects, the period of insect colonization (PIC) needs to be 

determined, which reveals how long an insect has been colonizing a source (Rivers & 

Dahlem, 2014; Tomberlin et al., 2011). Necrophagous insects will only colonize necrotic 

tissue; therefore, with the exception of cutaneous myiasis in live victims, a determination 

of the PIC will provide an estimate of the minimum time an individual has been deceased 

(Rivers & Dahlem, 2014). Overall, four key pieces of information are needed to establish 

the period of insect colonization: (1) the species identification of collected insects, (2) the 

identification of the oldest collected stage, (3) temperature data from the nearest 

weather station, and (4) peer-reviewed experimental data on insect development specific 

to that region (Rivers & Dahlem, 2014). 
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In addition to this information, an understanding of the species that are present 

within the area surrounding a crime scene is critical for the accurate analysis of evidence 

and estimation of a minimum elapsed time since death. Therefore, having peer-

reviewed, experimental data that demonstrate the region-specific species that are 

present over time is an essential component of forensic entomology cases. The constant 

collection and updating of this type of data not only increases our knowledge of regional 

ecosystem composition, but also augments the reliability of forensic evidence in legal 

investigations based on accurate use of current geographic-specific information. This 

concept has resulted in the recent publication of many studies from different global 

geographic regions, allowing researchers to create an accurate database of 

Calliphoridae and other necrophagous organisms for a specific area. This is necessary 

as all living organisms have the ability to adapt to their environment and, therefore, 

published data on their seasonal and environmental preferences may not be applicable 

across different locales (McCarty, 2002). Additionally, environmental conditions such as 

temperature, rainfall, wind, and light intensity can greatly influence species composition 

and temporal ranges of activity for species. Therefore, to understand the influence of 

differing environmental and geographic conditions on species composition of 

necrophagous insects, regional studies should be conducted within different 

biogeoclimatic zones. 

The current research project involved an analysis of the diversity and abundance 

of early carcass colonizers over a nine-month period within urban and rural habitats of 

the Metro Vancouver region of British Columbia, Canada. This analysis was performed 

to understand the specific species composition of Calliphoridae and other necrophagous 

organisms within this region. Baited bottle traps were deployed and collected in three 

locations: (1) Langley, (2) Burnaby, and (3) Simon Fraser University over a continuous 

nine-month period. Microscopic analyses were performed on all trapped organisms and 

eggs were reared to determine (1) species of Calliphoridae and family of non-

Calliphoridae, and (2) sex of Calliphoridae. Abdominal dissections of trapped 

Calliphoridae females determined gravidity at time of capture. Temperature and rainfall 

were monitored over time and elevation was measured for each location to determine 

their respective influence. These data were used to understand seasonal and 

geographic effects on Calliphoridae species composition within the Greater Vancouver 

area. 
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Chapter 2.  
 
Relevant Literature 

Forensic sciences are now recognized to be a critical component within justice 

systems on an international scale, helping to bridge the understanding of information 

within civil and criminal cases (Saferstein, 2015). However, as demonstrated by the 

(2009) National Academy of Sciences report “Strengthening Forensic Science in the 

United States”, not all forensic disciplines have maintained a high degree of reliability in 

evidence analysis and processing, which necessitates the standardization of procedures 

to ensure a high degree of accuracy. Certain forensic sciences have now become more 

mainstream and accepted within a court of law based on their ability to be rigorously 

applied using peer-reviewed, standardized procedures that provide a high degree of 

replicability, accuracy, and validity (Saferstein, 2015). New developments in knowledge 

provide credibility to previously underused forensic techniques, while disproving others, 

which facilitates a higher degree of accuracy in a legal setting to determine a guilty party.  

Forensic entomology, which is most often classified as a specialized division of 

medical and veterinary entomology that involves the use of insects to provide 

information involving a death, is a continually expanding branch within the forensic 

sciences (Amendt et al., 2011; Haskell, 2007). While it is typically used in a medico-legal 

context to help process information from a crime scene, forensic entomology also 

encapsulates the subfields of stored product forensic entomology and urban forensic 

entomology, which mainly utilize entomology to settle civil disputes (Rivers & Dahlem, 

2014). Stored product forensic entomology examines the infestation of food with insects 

or insect parts that are designated to be above the legally approved limit to determine 

the point of contamination of a stored commercial product, while urban forensic 

entomology applies to the insect infestation of private or public structures to ascertain 

the individual at fault for the invasion and how best to proceed to minimize further 

damage (Rivers & Dahlem, 2014). However, for the purposes of this research, only 

medico-legal forensic entomology will be discussed in relation to the field of forensic 

entomology due to the nature of the surveys conducted. While the field of forensic 

entomology has only been gaining proper recognition as a valid resource to the forensic 
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community in recent years to help determine the details surrounding a crime, it is 

grounded in the basic science of entomology, which has existed for centuries. While the 

content of this literature review can be applied to the majority of necrophagous insect 

groups, this thesis will specifically focus on the Calliphoridae (blow flies) to understand 

influences on early carcass colonization. The theoretical basis of medico-legal forensic 

entomology and its ability to be used in legal proceedings will be discussed below in 

relation to (2.1.) its origin as a forensic science, (2.2.) its current use in death 

investigations, (2.3.) necrophagous insects and their interaction with the body, (2.4.) the 

impact of abiotic and biotic variables in an environmental setting, (2.5.) the effect of 

geographic location, and (2.6.) the use of forensic entomology in a research setting.   

2.1.  The Origins of Forensic Entomology 

Forensic entomology has probably existed for much longer than we can 

document.  However, one of the first acknowledged cases occurred in 10th century China 

following the discovery of a deceased male inside a residential building that had caught 

fire (Cheng, 1890; Gennard, 2007; Greenberg & Kunich, 2002; Rivers & Dahlem, 2014). 

As translated in Greenberg’s and Kunich’s (2002) book from Chinese case trials that 

were documented by Cheng in 1890, a post-mortem examination of the deceased male 

revealed the presence of blow flies around his head, which led the investigators to 

discover a wound, indicating that the individual had probably been incapacitated or killed 

prior to the fire. The suspicious nature of the wound’s location and the events 

surrounding the death led officials to question the man’s spouse, who confessed to the 

murder with the aid of her paramour, spinning the case from an accidental death to a 

verdict of homicide and arson (Cheng, 1890; Greenberg & Kunich, 2002). While this 

case was the earliest documentation of insects used in criminal investigations, the 

traditional start of forensic entomology is believed by many to have begun in 13th century 

China, based on the creation of a handbook titled “The Washing Away of Wrongs” or 

“Collected Cases of Justice Rectified” by Chinese physician and forensic scientist Sung 

Tz’u (also known as Song Ci) (Benecke, 2001; Sung & Mcknight, 1981).  The text was 

the first of its kind, documenting historical forensic cases during that time period (Sung & 

Mcknight, 1981). The famous case, involving the murder of a local with a sickle, 

demonstrated the ability of blow flies to detect trace blood and tissue, which allowed 
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authorities to identify the murderer by the tainted weapon (Benecke, 2001; Benecke, 

2008; Rivers & Dahlem, 2014; Sung & Mcknight, 1981)  

However, the field of forensic entomology did not gain popularity within the 

forensic science community until the 1880s when Hofmann and Reinhard helped 

establish the field in France and Germany (Benecke, 2001). The exhumation of graves 

by Hofmann and Reinhard provided the opportunity to observe the colonization of 

necrotic tissues by different species of insects, demonstrating a novel environment for 

life cycle development (Benecke, 2001; Benecke, 2008). Building from this observation, 

they were able to conclude that specific species may be attracted to a body following 

death, providing one of the first scientifically acknowledged pieces of evidence that 

insects can act as forensic indicators (Benecke, 2001). At a similar point in time, medical 

veterinarian and entomologist Jean Pierre Mégnin provided critical evidence for eight 

successional waves of colonization on a body by insects (Benecke, 2001; Benecke, 

2008; Catts & Goff, 1992). Using Diptera, Coleoptera, and mites on bodies for 

experimentation, and thereby commencing the practice of forensic acarology, Mégnin 

was able to demonstrate specific insect developmental rates, and then use these data to 

estimate the time of death of an individual based on the predictable patterns of 

colonization he observed over time (Perotti et al., 2009). His work, most notably 

documented within the texts “La Faune Des Cadavres” and its predecessor “Faune Des 

Tombeaux”, gained massive recognition for the field of forensic entomology, which 

subsequently spread to Canada and the United States, ultimately resulting in the 

consideration of Mégnin as the father of forensic entomology (Benecke, 2001; Benecke; 

2008; Perotti et al., 2009).  

Since then, the field has continued to expand, demonstrated by an influx of 

individuals interested in pursuing careers related to forensic entomology. This may be 

due in part to the now global recognition of forensics by the public as a positive career 

pathway based on its skewed media representation, which often glorifies the “science 

behind the crime”. Additionally, while the number of board certified forensic 

entomologists around the globe is still low, experts within the field are now rightfully 

being recognized for their importance in criminal investigations given the niche area of 

information they can provide through their analysis of insects at a scene.  
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2.2.  Forensic Entomology in Death Investigations 

Entomology in a medico-legal context has been proven within the last few 

decades to contain a wealth of information regarding details from a crime scene, which 

can aid in (1) the estimation of a minimum post-mortem interval (also known as the 

elapsed time since death), (2) revealing inflicted wounds on a body based on oviposition 

by blow flies in specific areas, (3) determining movement of a body after death, (4) 

toxicological analysis through the examination of molecular compounds found inside 

collected specimens from a scene, and (5) identifying abuse in live victims1 (Catts, 1992; 

Dillon, 1993; Mearns, 2011; Saferstein, 2015; Smith, 1986). After death, most post-

mortem body processes, such as algor or rigor mortis are complete within 72 hours as 

the body progresses through the five stages of decomposition, meaning that other 

sources need to be utilized to estimate the time since death, with entomological 

evidence being the main provider of accurate information (Brooks, 2016; Saferstein, 

2015). Depending on the state of decomposition of the body and the insect evidence 

recovered, either the rate of development of blow flies or the successional colonization 

of a body by a diverse array of insect species can be used by forensic entomologists to 

estimate a minimum PMI.  

2.2.1.  Calculation of Post-mortem Interval 

To accurately assess collected specimens from a scene for the estimation of a 

minimum PMI, forensic entomologists must (1) have access to geographically relevant 

peer-reviewed experimental data that provide the rate of development for different life 

stages of the species of interest, (2) know or be able to estimate the temperature of the 

scene (collected from meteorological data from the nearest weather station), (3) be able 

to identify the oldest stage of development for the collected specimens, and (4) correctly 

identify the species of insect recovered (Rivers & Dahlem, 2014). This information allows 

a forensic entomologist to date backwards how long a specific species has been 

colonizing the body by calculating the number of accumulated degree days (ADD) or 

accumulated degree hours (ADH) the collected blow fly species would need to reach its 

stage of development at the time of collection within that environment (Rivers & Dahlem, 
                                                
1 For the purposes of this project, only entomological information relevant to deceased victims will 
be discussed. Therefore, cutaneous myiasis in live victims and cases of abuse will not be 
described. 
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2014). This determination provides a minimum post-mortem interval based on the 

calculated period of insect colonization (PIC) on the body. The concept of calculating a 

minimum PMI will be discussed further in section 2.4 in relation to the influence of 

environmental variables, particularly temperature (section 2.4.11.).  

2.2.2.  Locating Wounds 

The presence and location of wounds on the body can be determined based on 

“unusual” areas of blow fly colonization. Blow flies have a tendency to lay eggs in moist 

areas of the body, which provide protection to the eggs and offer a softer, more liquid 

based diet for the first instar larvae (Rivers & Dahlem, 2014; Saferstein, 2015). This form 

of diet is necessary for first instars after hatching because blow fly larvae will not develop 

harder, sclerotized mouthparts capable of ripping tougher tissue until later stages of 

development (Rivers & Dahlem, 2014). Typical moist areas for colonization include 

bodily orifices such as the mouth, nose, eyes, and anal and genital regions and, thus, 

the presence of blow fly eggs in other regions may be an indicator of a wound (Joseph et 

al., 2011). In such a case, forensic entomologists and forensic pathologists will examine 

the region more closely to determine if it provides important information to the 

investigation. A case example of this would be if eggs were found in the hands of a 

body, which may indicate the presence of defensive wounds on a victim. Defensive 

wounds indicate that the deceased had likely attempted to fight off an attacker 

perimortem, and that the manner of death may be classified as a homicide. This insight 

into the events leading up to a death is important as the manner of death is a critical 

piece of information that must be established during a coroner’s processing of a set of 

remains.  

2.2.3.  Post-mortem Body Movement 

Movement of a body to a secondary location following death can potentially be 

inferred based on the species composition of insects recovered from a corpse (Joseph 

et al., 2011). Blow flies are attracted to a body within minutes of death based on the 

chemical cues emitted into the surrounding environment, however, as will be later 

discussed, every environment possesses a difference in species abundance and 

diversity due to distinct characteristics such as elevation, vegetation, and lighting 

(George et al., 2013; Joseph et al., 2011). These factors will influence what blow fly 
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species are present within a geographic region and can create distinct zones of 

habitation for certain species. Therefore, should a species be found outside of its native 

habitat zone, such as a typically rural species found on a body in an urban location, it 

could indicate that the individual had died elsewhere. In this scenario, the deceased may 

have died in a rural area, where a blow fly found the corpse and laid eggs, and was 

subsequently transported to a secondary location where the eggs hatched and began to 

develop. This type of information is particularly useful when rare species are found on 

the corpse, and can be used to narrow down the area of death significantly. However, as 

demonstrated by Owings et al. (2014) in an experimental study using the secondary 

screwworm, Cochliomyia macellaria (Fabricus), individuals of the same species may 

adapt to local conditions and, therefore, have altered developmental rates with unique 

habitat and life preferences based on their geographic location. It is critical that forensic 

entomologists exercise caution when determining if a body has been moved post-

mortem using entomological evidence and cross-reference their information with other 

details determined in the investigation by police and other forensic analytic teams. 

Failing to consider these possibilities can result in misjudgement of entomological 

evidence, the reduction of credibility, and the creation of more problems for investigators 

in a case. 

2.2.4.  Entomotoxicology  

Entomotoxicology involves the use of insects to detect the presence of drugs or 

other chemical compounds in the tissues of a body after death (Goff & Lord, 1994; 

Introna et al., 2001). This science can be used for toxicological sampling when there is 

little or no tissue or fluids to test from the actual body, as may be seen in a case 

involving a set of remains that are significantly decomposed or burned (Gosselin et al., 

2011; Wallace, 2017). Blow flies feed on the tissues and fluids of a body, which means 

that during consumption they also ingest any compounds present in those tissues (Goff 

& Lord, 1994). If an individual had consumed drugs or alcohol prior to death, depending 

on factors such as the molecular properties of the compound, sites of storage, 

concentration of the dose, and the half-life, by-products of these chemical compounds 

could potentially be consumed by the necrophagous species that colonize the body at a 

high enough concentration to detect through toxicological testing (Gibson & Skett, 1986; 

Wallace, 2017). As a result, toxicologists can analyze blow flies collected from the scene 



9 

to determine antemortem drug or alcohol abuse in the deceased. However, recent 

studies have highlighted the limitations of forensic entomotoxicology analyses as results 

have demonstrated a high level of variability because of the pharmacokinetic properties 

of the drugs and their differential influence in insect systems following ingestion 

(Gosselin et al., 2011; Tracqui et al., 2004; Wallace, 2017).  An experimental study of 

necropsies conducted by Tracqui et al. (2004) demonstrated the unreliability of larval 

toxicology testing to produce accurate quantitative results based on inter-larval variation 

in drug concentration measurements and for a lack of experimental reproducibility. 

However, data from the same experiment did highlight the ability of larval toxicology 

testing to provide qualitative results through the identification of the drug, so forensic 

entomotoxicology may still have some practical benefits for forensic analysis (Tracqui et 

al., 2004). Additionally, depending on the type of chemical compound, ingestion of toxin-

containing tissues by necrophagous insects have the ability to speed up or slow down 

the rate of development of species, which can skew the minimum post-mortem interval 

estimation (Goff & Lord, 1994). Therefore, it is necessary for forensic entomologists to 

be aware of the toxicology results from a victim prior to their final determination of the 

minimum PMI.  

The different methods available for the analysis of insect specimens collected 

from a scene demonstrate the breadth of knowledge that can be derived from 

entomological evidence. However, because each blow fly species is unique in terms of 

their development and behaviour, it is necessary to examine the species composition of 

an environment in relation to abundance and diversity in order to provide the most 

accurate details for a case and minimize the risk of error during evidence analysis.  

2.3.  Necrophagous Insects & The Body 

Insects, principally those found within the orders Diptera (flies), Coleoptera 

(beetles), and Hymenoptera (wasps, ants, bees, and sawflies) are useful for forensic 

analysis if collected from a crime scene (Byrd & Tomberlin, 2020; Rivers & Dahlem, 

2014). Within the Diptera, the most important species include those found in the families 

Calliphoridae (blow flies), Sarcophagidae (flesh flies), and Muscidae (muscid flies) (Byrd 

& Tomberlin, 2020; Goff, 2009). Additionally, flies from other families including the 

Piophilidae (skipper flies), Stratiomyidae (soldier flies), Phoridae (scuttle flies), 

Psychodidae (moth flies, sand flies, and owl midges), and others can be recovered from 
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decomposing human remains (Byrd & Tomberlin, 2020). However, of these groups, the 

Calliphoridae are considered to be the main family of importance in the determination of 

information from collected entomological evidence (Gennard, 2007; Rivers & Dahlem, 

2014). This distinction for the blow flies is based on their early colonization behaviour 

(minutes after death), the ability to be distinctly identified to species relative to other 

Diptera, and the amount of peer-reviewed data that has been collected on this family in 

relation to known developmental rates (Byrd & Tomberlin, 2020; Carvalho et al., 2004; 

Gennard, 2007; Rivers & Dahlem, 2014). In this regard, only blow flies will be discussed 

within the larval development section (2.3.2.): however, the information provided will 

apply to the majority of necrophagous dipterans. Additionally, all remaining sections of 

this literature review from Section 2.4. onwards will only discuss forensic entomology 

practices in relation to the family Calliphoridae. Important Coleoptera and Hymenoptera 

will be discussed in section 2.3.3., in reference to successional ecology. These 

organisms are used to ascertain details in death investigations through two main 

methods: the examination of sequential colonization of a body by insects in a predictable 

pattern or the analysis of Calliphoridae larval progression based on pre-determined rates 

of development (Mearns, 2011; Rivers & Dahlem, 2014; Saferstein, 2015).  

2.3.1.  Locating a Body 

Once the heart stops beating, a body begins its process of decomposition and 

progresses through the five key stages (fresh, bloat, active decay, advanced decay, and 

skeletal/dry remains) based on the interactive effect of internally derived biological and 

chemical changes and the external environment (Goff, 2009; Janaway et al., 2009; 

Vass, 2001). The internal process of autolysis or self-digestion commences the 

breakdown of the body as oxygen is depleted from cells, carbon dioxide levels rise, and 

cells rupture due to the unregulated control of cellular enzymes (Janaway et al., 2009; 

Vass, 2001). This changing internal environment results in external physical changes of 

the body as the skin begins to blister, slip and slough off (Goff, 2009; Vass, 2001). 

Following the bursting of cells, gases and fluids begin to accumulate in the body as 

microorganisms including bacteria and fungi break down the body tissues in a process 

called putrefaction (Campobasso et al., 2001; Goff, 2009; Janaway et al., 2009; Vass, 

2001). Putrefaction results in the formation of a greenish discoloration on the outer 

epidermal layer and causes the body to bloat as gases such as hydrogen sulfide and 



11 

carbon dioxide begin to accumulate within the soft tissues (Campobasso et al., 2001; 

Goff, 2009; Janaway et al., 2009; Vass, 2001). The release of these volatile compounds 

from the body attracts insects, particularly Calliphoridae, from the surrounding 

environment (Campobasso et al., 2001; Goff, 2009, Janaway et al., 2009). These odours 

are detected using simple sensory organs called sensilla located on the antennal 

funiculus of blow flies (Campobasso et al., 2001; Dethier et al., 1963; Ozaki et al., 2003; 

Setzu et al., 2011). The sensilla act as the olfactory receptors of Calliphoridae, allowing 

them to pinpoint desirable odours and locate a potential site for colonization (Dethier et 

al., 1963). 

2.3.2.  Larval Development 

Larval development is used as a method to estimate a minimum PMI when the 

body is still relatively fresh, usually within the first month following death (Catts & Goff, 

1992; Greenberg, 1991; Greenberg & Kunich, 2002; Saferstein, 2015). Once blow flies 

or other necrophagous Diptera have located a body, they will determine whether it will 

act as a suitable site to colonize by tasting the resource using gustatory receptors 

located on their tarsi (Rivers & Dahlem, 2014). If accepted, the flies can use the body as 

a food resource to obtain a protein meal that will allow for the reproductive organs to fully 

develop (Norris, 1965; Rivers & Dahlem, 2014). The body itself acts as a suitable 

location for the mating of flies as it provides an adequate site for females to oviposit their 

eggs once copulation has occurred (Janaway et al., 2009). Females preferentially 

oviposit in moist areas of the body to enhance the likelihood of the eggs surviving to 

hatch and having adequate food resources during their first instars (Goff, 2009; Norris, 

1965; Saferstein, 2015). Female blow flies can lay upwards of 200 eggs per clutch (with 

a potential total of approximately 2000 per lifetime), and will often disperse this batch 

around different areas of the body or different bodies completely if resources are plentiful 

in an environment (Saferstein, 2015; Wells & King, 2001). This strategy allows the 

female to increase food resources for her offspring, while maximizing her biological 

fitness (Klug & Bonsall, 2010). Once laid in an appropriate site, the female will leave and 

the offspring fend for themselves without parental care for the duration of their life (Klug 

& Bonsall, 2010).  

After hatching, blow flies will proceed through three larval instars, each larger 

than the next, with new mouthparts after the transition through each stage (Faran et al., 
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2018; Rivers & Dahlem, 2014). Additionally, these instars are distinctly identifiable based 

on the number of spiracular slits present in the posterior spiracles. Each posterior 

spiracle will have one spiracular slit in 1st instars, two in 2nd instars, and three in 3rd 

instars (Rivers & Dahlem, 2014). After feeding has finished, the post-feeding third instar 

prepupa will leave the body to find a dark, suitably protected place to pupate (Faran et 

al., 2018; Rivers & Dahlem, 2014). Within the pupal case, the immature blow fly will 

transform into an adult fly, and then eclose using a balloon-like pocket on its forehead 

called the ptilinum (Faran et al., 2018; Rivers & Dahlem, 2014). This emerging adult fly is 

termed teneral as it has not quite finished development, requiring time to fully expand its 

wings using hemolymph and achieve its shiny coloration prior to departure from the area 

of the body (Rivers & Dahlem, 2014). These stages, from egg to teneral adult, are the 

main provider of entomological evidence for forensic entomologists to calculate a 

minimum PMI based on the known, peer-reviewed development rates to reach the stage 

of the collected blow fly specimen (Catts & Goff, 1992; Rivers & Dahlem, 2014).  

2.3.3.  Successional Ecology of Necrophilous Insects 

Successional ecology is often used to estimate the minimum PMI after an 

extended period has occurred since the death, ranging from one month to years post-

mortem (Rivers & Dahlem, 2014). As the body goes through sequential stages of 

decomposition, rapid biological and chemical changes occur to attract a variety of insect 

colonizers that arrive to feed on the tissues, forming a predictable sequence over time 

(Catts & Goff, 1992; Saferstein, 2015). At each stage of the sequence, a diverse range 

of species interact with the body and the surrounding environment, with the timing of 

different colonizer groups overlapping (Greenberg, 1991; Rivers & Dahlem, 2014). 

However, knowledge of what organisms occur within the local environment and their 

typically documented period of colonization can allow forensic entomologists to narrow 

down the time of death to a specific time range based on the observed assemblage of 

insects (Rivers & Dahlem, 2014). These different groups include the (1) necrophagous 

insects, (2) predators and parasites, (3) omnivorous insects, and (4) accidental or 

adventive species (Catts & Goff, 1992; Goff, 2009; Saferstein, 2015).  

The majority of necrophagous species are early carcass colonizers, arriving 

shortly after death to maximize the food resource available (Saferstein, 2015). The 

earliest to arrive are the Calliphoridae, who locate and determine if the body is worth 
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colonizing within minutes of death (Catts & Goff, 1992). Following arrival of the 

Calliphoridae, other fly families including the Muscidae and the Sarcophagidae make 

appearances at the death scene (Byrd & Tomberlin, 2020; Campobasso et al., 2001; 

Carvalho et al., 2004; Goff, 2009). Fly species from families such as the Piophilidae will 

arrive during more advanced stages of decomposition to feed on drier tissues 

(Campobasso et al., 2001; Byrd & Tomberlin, 2020; Saferstein, 2015). In addition to the 

Diptera, coleopterans from the families Silphidae (carrion beetles) and Dermestidae 

(carpet beetles, skin beetles, etc.) will utilize a body; however, like the Piophilidae, 

coleopterans often arrive at later stages when the body is more decayed to feed on 

tougher tissue and, at times, may use the body as an oviposition site for the next 

generation (Byrd & Tomberlin, 2020).  

Predators and parasites locate the body based on the presence of viable insect 

species within the region, not as a result of the body itself (Saferstein, 2015). These 

organisms will, therefore, arrive after the initial colonization by necrophagous insects. 

Included within this grouping are coleopterans, hymenopterans, and even some 

necrophagous Diptera (Catts & Goff, 1992). Beetles including, but not limited to, those 

from the families Histeridae (clown beetles), Staphylinidae (rove beetles), and 

Dermestidae are attracted to feed on available dipteran eggs, larvae, and pupae, in 

addition to other coleopterans (Byrd & Tomberlin, 2020; Campobasso et al., 2001; Catts 

& Goff, 1992). Like the coleopterans, certain hymenopteran families (e.g. Vespidae) will 

arrive and prey upon all life stages of fly present on the carcass (Catts & Goff, 1992). In 

addition to the hymenopterans that merely feed on dipterans colonizing the body, 

parasitoid wasps will take advantage of the environment to parasitize colonizing larvae 

and pupae (Catts & Goff, 1992). Frederickx et al. (2013) demonstrated that a diverse 

range of parasitic hymenopteran families (including the Ichneumonidae and Braconidae) 

have the ability to infect multiple families of necrophagous Diptera (including the 

Calliphoridae, Muscidae, Sarcophagidae, and Fanniidae). Key species of necrophilous 

parasitic wasps, including Alysia manducator (Panzer) and Nasonia vitripennis (Walker), 

are found in the majority of cadaver-related environments (Frederickx et al., 2013; 

Rivers, 2016). The results of this parasitism in dipterans are skewed development rates 

causing premature transition through life stages and death of the host fly (Frederickx et 

al., 2013). Finally, depending on the resources available, certain species of dipterans 

such as Chrysomya rufifacies (Macquart) will feed on other, weaker larvae that are 
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present on the carcass and will even cannibalize members of their own species to 

enhance their own chances of survival to adulthood (Goff, 2009). 

Omnivorous species include those that utilize the dual food resources of the 

carcass and the necrophagous insects that feed on it (Goff, 2009). This group includes 

wasps, ants, beetles, and cockroaches (Byrd & Tomberlin, 2020; Carvalho et al., 2004; 

Catts & Goff, 1992; Goff, 2009). Omnivorous species play a conflicting role, as they have 

the ability to increase the rate of body decomposition through direct feeding on tissues, 

while at the same time their consumption of other necrophagous species can 

significantly decrease populations of carrion insects, thus slowing down the 

decomposition rate (Carvalho et al., 2004; Catts & Goff, 1992; Goff, 2009). In addition, 

the feeding patterns of some of these species, such as ants, can leave behind artefacts 

that resemble antemortem damage such as burn marks (Byrd & Tomberlin, 2020). The 

damage these species cause to tissues can, therefore, be misinterpreted during an 

autopsy and may place blame on an innocent person for perceived abuse.  

Finally, accidental or adventive species may occur within the environment 

surrounding a body. These organisms can be representative of any species that are 

present on the body or within the vicinity of the body but are there solely by chance 

rather than being attracted based on lifestyle or diet preferences (Byrd & Tomberlin, 

2020; Goff, 2009).  

2.4.  Influential Environmental Variables on Carcass 
Colonization 

While the estimation of a minimum PMI may seem simple based on what has 

been discussed so far, these calculations are often influenced by extrinsic and intrinsic 

variables that are determined by the interactive relationship of an organisms’ internal 

regulatory processes and their surrounding environment. These factors influence how 

experimental procedures must be conducted within a field setting to receive accurate 

data for PMI calculations. Therefore, to minimize the risk of bias or error within a study, 

the critical analysis of each potential problem that could be encountered in a given 

testing environment is a crucial step for researchers. The variables to be addressed are 

those currently expressed within the literature to pose a key threat to data validity for 

forensic entomologists in the field, which include an array of biotic variables (the main 



15 

ones of interest being inter-specific competition, intra-specific competition, location-

specific adaptation, and predation) and abiotic variables (which include temperature, 

wind speed, rainfall, humidity, barometric pressure, and light intensity) (Bugajski & 

Stoller, 2017; Campobasso et al., 2001; George et al., 2013; Sharanowski et al., 2008; 

Shiao & Yeh, 2008). Each of these variables have been experimentally demonstrated in 

past literature to potentially have an impact on the abundance, diversity, and oviposition 

timing of blow fly species, whereby the influence of each variable as an independent 

entity is correlated to the environment and the landscape of the sampled region.  

In theory, this concept means that while some factors (such as temperature, 

which acts as an internal regulator of blow fly metabolic activity) are always important to 

consider in a study, others may not be relevant to a region and do not need to be 

considered in the research design (Ames & Turner, 2003). For example, the abiotic 

variable of rainfall is only necessarily considered an issue when it provides a heavy 

enough downpour to deter the flight of a blow fly to a potential colonization site, thus 

effectively delaying the period of insect activity and skewing the minimum post-mortem 

interval estimation (George et al., 2013; Mohr & Tomberlin, 2014; Sabanoglu & Sert, 

2010). As a result of each unique geographic region, the importance of independent 

variables is not similarly quantifiable to all environments, and caution must be used to 

reliably measure their connection with the dependent variables on a case by case basis. 

Consequently, an amalgamation of these variables within a study can present rival 

plausible hypotheses, resulting in the production of unreliable data analysis if construed 

improperly following a field experiment (Campbell & Stanley, 1959). Therefore, prior to 

the discussion of this study and the procedural methods, all variables previously 

mentioned will be introduced to ascertain their effect on an ecosystem, which will be 

related to how previous researchers have attempted to explain and control for these 

factors within their own experimental studies.  

Biotic variables 

Biotic variables encompass the living components (including their bodily function) 

that interact within an ecosystem (Taylor et al., 2017). In relation to forensic entomology, 

key influential biotic variables to consider for case data interpretation include intra-

specific competition, inter-specific competition, location-specific adaptation, and 

predation. These factors are not only capable of skewing blow fly species abundance 
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and diversity, but can also impact their threshold temperatures for survival, metabolic 

processes, development rates, size, and oviposition based on their interaction with the 

environment and other living systems (Polis, 1981; Sabanoglu & Sert, 2010; Shiao & 

Yeh, 2008; Ullyett, 1950).  

2.4.1.  Intraspecific competition 

There are two key types of competition (intraspecific and interspecific) that occur 

within ecosystems, both having an effect on the abundance and diversity of species. 

Competition comes into effect when there are smaller quantities of resources such as 

food or space within an environment, forcing individuals to compete to maximize the 

chances of survival and reproduction (Denno & Cothran, 1976). The first to be 

discussed, intra-specific competition, occurs within a single species and is demonstrated 

amongst a diverse array of organisms when resources are scarce (Polis, 1981). This 

variable has the ability to influence development rates based on the quantity of a food 

source in relation to the density of blow flies (dos Ries et al., 2001; Putman, 1977; Shiao 

& Yeh, 2008). When this form of competition occurs in an environment due to a 

diminishing resource such as a small animal carcass, the resultant effect can be the 

cannibalism of weaker, smaller blow flies by larger, older members of the same species 

(Shiao & Yeh, 2008; Ullyett, 1950). This effect was observed in Shiao’s and Yeh’s (2008) 

study, where intra-specific competition within a colony of C.rufifacies resulted in the 

cannibalism of the smaller blow flies when the density was increased in a laboratory 

setting beyond the threshold of resources necessary for the adequate development and 

survival of all organisms. The resultant effect of this cannibalistic tendency during 

periods of low resources will ultimately reduce the abundance of that particular blow fly 

species within an environment, which will lower the perception of their prevalence within 

an area by researchers monitoring a population (Denno & Cothran, 1976; Putman, 

1977).  

However, since the resource for blow flies is typically a full animal carcass, food 

availability is not usually a large concern for populations. Additionally, blow flies have the 

ability to determine the best sites for oviposition and their clutch size to maximize their 

fitness and the survival of the next generation (Saferstein, 2015; Wells & King, 2001). 

Therefore, the variable of intra-specific competition is not usually a key contender in 

influencing the abundance of a species in a real-world setting, but experiments 
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conducted within laboratory settings have demonstrated its potential effect on a 

population (Shiao & Yeh, 2008; Ullyett, 1950).   

2.4.2.  Interspecific Competition 

The second type of competition to be discussed influences both the abundance 

and diversity of species in an environment compared with intra-specific competition, 

which only has the ability to impact abundance based on its singular species effect. To 

parallel, inter-specific competition is a type of competition that occurs between different 

species, which has also been experimentally demonstrated within blow fly populations 

(Polis, 1981). Similar to intraspecific competition, it can be affected by temperature, 

density, adult size, and the duration of larval development stages (Shiao & Yeh, 2008). 

During competitive times (i.e. when resources are low), larvae can speed up their rate of 

development through their instars, at the cost of decreasing their overall fitness at 

adulthood (Shiao & Yeh, 2008; Ullyett, 1950). This trade-off increases the survival of the 

larvae, but tends to decrease their overall fitness levels because they spend a shorter 

amount of time in their larval form during a critical growth period (Shiao & Yeh, 2008; 

Ullyett, 1950). This means that they spend less time feeding and, as a result, following 

pupariation they emerge as an adult with a lower dry weight than the recorded average, 

increasing the likelihood of lower fecundity and reduced rates of survival for future 

offspring produced by these individuals (Shiao & Yeh, 2008; Ullyett, 1950). This 

phenomenon was noted in Ullyett’s (1950) study, which examined the impact of 

interspecific competition between two necrophagous blow fly species. Ullyett (1950) 

observed that when the density of blow flies on a food resource exceeded a specific 

threshold for competition, Lucilia species larvae developed faster, producing lower 

weight adults, and outcompeted Chrysomya species present in the same simulated 

environment. Flexible development rates increase an organism’s speed of escape from 

a food resource, which acts to reduce the energy needed for defense against 

cannibalistic blow flies and other predators and parasites on the carcass (Denno & 

Cothran, 1976; Putman, 1977; Shiao & Yeh, 2008).  

Competitive interactions can impact how forensic entomologists would calculate 

a minimum post-mortem interval, as they have the ability to increase the progression 

through a blow fly’s life cycle at an escalated rate (Shiao & Yeh, 2008; Ullyett, 1950). In 

addition, competition has the ability to alter the species composition of a carcass (Denno 
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& Cothran, 1976). Denno and Cothran (1976) noted in their study that higher densities of 

calliphorid populations on carrion would decrease the abundance of sarcophagids that 

utilize the same resource based on the species’ ability to partition the available food 

resources. Competition is a key factor to consider in the estimation of the elapsed time 

since death if a body has either a high density of larvae or more than one species on it. 

However, some of these results were produced within a simulated laboratory-based 

environment, where the effect of competition is expected to have a more exaggerated 

effect due to the strict manipulation of a limited resource. Field experiments, where blow 

fly species have a larger variety of resources to choose from, provide fewer observations 

of a strong competitive effect (Shiao & Yeh, 2008; Ullyett, 1950).  

2.4.3.  Location specific adaptation & Climate Change 

Location-specific adaptation is a variable that impacts a species based on their 

ability to adapt and evolve to a specific ecozone (Taylor et al., 2017). This adaptation 

can in turn affect an organism’s necessary requirements for proper development and 

acquisition of key metabolic functions. As a result, experimental data for a region can 

shift over time due to the fluctuating environment and necessitates that information is 

consistently updated for an area to minimize the risk of error within a case. Of major 

concern in today’s society is the rapidly altering shift in temperatures and environmental 

conditions due to climate change on a global scale. Internationally, climate change is 

causing an increase in annual temperatures, which is affecting the geographic and 

habitat range of species, their development, and their behaviour in ways that are not 

always easy for entomologists to predict (McCarty, 2002; Portner & Farrell, 2008). The 

impacts of climatic changes include the species specific shifting of habitable geographic 

ranges based on a desired temperature threshold range, and the loss or extinction of 

species in a region due to their migration to new zones or their inability to survive within 

the environment  (McCarty, 2002; Portner & Farrell, 2008).  

Additionally, regional temperature increases have been demonstrated to 

influence location-specific adaptation for particular species (McCarty, 2002). For 

example, the same species of blow fly may require a different number of accumulated 

degree days (ADD) (independent of temperature) to progress through its life cycle 

depending on the ecozone in which it resides. Anderson (2000) has noted this 

phenomenon between her research conducted in British Columbia, Canada and similar 
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studies performed in the state of Washington, USA. The faster developmental rates for 

species such as Phormia regina (Meigen) and Calliphora vicina (Robineau-Desvoidy) 

within Kamal’s (1958) Washington study in contrast to the observed rates of 

development in Anderson’s (2000) study, while potentially due to differences in 

experimental technique, could also be explained by the location-specific adaptation of 

the species within the region over time. Another contribution of changing environmental 

conditions, such as temperature, is the potential to produce a shift in the range of 

oviposition for an annual period. Higher temperatures can cause species to become 

active earlier in the year than expected, allowing females to commence oviposition once 

the ovaries have fully developed (Ames & Turner, 2003; Mohr & Tomberlin, 2014a). 

Therefore, a shift to higher temperatures would widen the temporal range within which a 

species can function. This concept of a shifting active range would change our 

perception of how the minimum PMI should be calculated for cases during winter months 

when species are not expected to be active or gravid. 

2.4.4.  Predation 

Predation is another key variable to consider in death investigations and occurs 

when an organism uses another as a food source, which can lower the abundance and 

diversity of targeted species in a geographic location at different rates depending on the 

type of predator (Catts & Goff, 1992; Goff, 2009; Taylor et al., 2017). Under this 

definition, competition would be considered a form of predation, however, since that 

variable has already been specifically discussed, predation for the course of this study is 

considered to occur when species other than necrophagous blow flies feed on 

necrophagous blow fly populations. For blow flies, predation can occur at all life stages 

during the colonization of a food resource, mostly by other insect groups such as the 

Coleoptera (beetles) and Hymenoptera (wasps, bees, sawflies, and ants) (Byrd & 

Tomberlin, 2020; Catts & Goff, 1992). These insect orders are typically a part of the 

successional waves of insects that colonize a body following blow fly arrival and 

colonization, and the blow flies provide nutrition to predatory and omnivorous insects 

that were attracted to the carcass and surrounding environment (Sabanoglu & Sert, 

2010; Weidner, Monzon, & Hamilton, 2016).  

Wasps and other Hymenoptera are key predators of blow fly populations (Moretti 

et al., 2011). During the early spring and summer months, wasps will seek out high 
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protein sources to feed to their queen and developing larvae, which results in the 

predation of local insects, including Calliphoridae (Catts & Goff, 1992; Hunt et al., 1987). 

During the summer months, on average the period of highest Calliphoridae activity, 

wasps are on the hunt for a protein source, acting as an active threat to other insect 

species (Moretti et al., 2011; Norris, 1965). The increased densities of wasps in the 

summer months can decrease the abundance and diversity of Calliphoridae recovered 

on a body by preventing oviposition through the capture of gravid females, removing 

eggs from laid clutches after oviposition, and feeding on developing larvae on the body 

(Sabanoglu & Sert, 2010). Sabanoglu et al. (2010) monitored predation on Calliphoridae 

species by Vespula germanica (Fabricius), a species of wasp. In this study, organisms 

from the Staphylinidae, Silphidae, and Vespidae families were recorded to consume 

Calliphoridae larvae, and used the bait as a feeding territory (Sabanoglu & Sert, 2010).  

In addition, other organisms such as larger vertebrates may become attracted to 

a carcass or baited trap in an environment based on the detection of the emitted 

chemical cues from the decomposing tissue, which can result in the loss of data when 

eggs or larvae present on the meat source are consumed unintentionally (Goff, 2009). In 

experimental set-ups this can cause a lapse in data for a trapping period, creating a 

range of unusable data because of the loss of the attractant. An experimental study of 

this concept was not retrieved for this literature review; however, it is known that wildlife 

prey on carcasses in an environment, ultimately producing negative effects in the 

retrieval of accurate data on necrophagous colonies (Goff, 2009; Kotstecke et al., 2000). 

By affecting an experiment, these predators provide researchers with fewer collected 

samples, decreasing the perceived richness of species, which is problematic as it can 

introduce error into a study (Catts & Goff, 1992). This is especially critical when 

attempting to determine if a particular species oviposited during a collection period, as 

predation can skew the estimated temperature range of the species if all specimens are 

removed from a monitored source. This is a serious factor to consider when samples are 

only collected weekly or bi-weekly as this provides a significant time gap in the recorded 

data for blow fly activity.  

In total, the potential for collected data to provide a misrepresentation of the 

species abundance and diversity within an environment can be significant if biotic factors 

are not considered for a study. At a crime scene, biotic factors can potentially influence 

blow fly population density, developmental progression timing, size following 
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development, and later oviposition times, which can shift annual temporal ranges in a 

geographic region from the perceived average (Hwang & Turner, 2005; Sabanoglu & 

Sert, 2010; Shiao & Yeh, 2008; Weidner et al., 2015). Considering reoccurring issues 

found in legal investigations, these factors can influence how a blow fly is aged based on 

size determination and development rates. By increasing the rate of larval development 

unexpectedly, it can result in higher mortality of older stages of blow flies essential for 

post-mortem interval estimation and create an inaccurate depiction of the time of death 

(Campobasso et al., 2001). An invalid shift in minimum post-mortem interval estimation 

can change the suspect pool in a murder investigation, depending on the estimated 

range given by the forensic entomologist with the information they have. In experimental 

studies, these variables can influence the ecological validity of the study if they are not 

considered.  

Abiotic Conditions 

Abiotic variables include all non-living components within an ecosystem that have 

the ability to impact the residing organisms of that environment (Taylor et al., 2017). 

These variables provide a higher degree for error to be introduced into a study based on 

the multitude of factors to consider within an ecosystem and their relative impact on 

species’ ability to locate and colonize a source. The main variables of concern include 

rainfall, humidity, wind speed, barometric pressure, light intensity, and temperature. 

These factors vary in their relative ability to impact the rate and timing of oviposition by 

different species of necrophagous insects, which can skew the perceived diversity and 

abundance within an ecosystem (George et al., 2013; Mohr & Tomberlin, 2014b).  

2.4.5.  Rainfall 

Depending on the location of a study, rainfall can be a drastic impediment to the 

timing of colonization, making it an essential variable to consider in relation to collected 

data. The current study was located in the Greater Vancouver area, which receives high 

accumulations of rainfall (>1000mm/yr) with occasional rapid bursts of high-intensity 

water accumulation (>20mm/hr.) (Jakob et al., 2013). This variable must, therefore, be 

recorded during trapping periods to monitor its effect over the duration of any project. 

High levels of rainfall act as a deterrent to blow fly colonization by impeding their flight 

(George et al., 2013; Mohr & Tomberlin, 2014b; Sabanoglu & Sert, 2010). Drops of rain 
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add extra weight to wings during flight, interfering with stability and manoeuvring, and 

have the potential to cause damage to the membranous structure of the wings (George 

et al., 2013; Mohr & Tomberlin, 2014b; Sabanoglu & Sert, 2010). Since blow flies require 

flight to access the source of a chemical attractant, heavy rainfall would prevent 

colonization of a carcass. In periods of high rainfall blow flies will seek a dry shelter, 

forcing a delay in the timing of colonization and oviposition by gravid females (Lutz et al., 

2019; Mohr & Tomberlin, 2014b). Two entomological studies conducted using swine 

(Sus scrofa domesticus L.) carcasses highlighted the absence of blow flies on rain-

heavy days, demonstrating the influence of this variable on the timing of colonization 

(Mohr & Tomberlin, 2014b; Sabanoglu & Sert, 2010). George et al. (2013) documented 

blow fly arrival to a carcass in periods of light rainfall, determining that during periods of 

≤1mm accumulation, a carcass will continue to be colonized. However, once this 

threshold is exceeded, colonization will continue to decrease with increasing rainfall 

(George et al., 2013). In the majority of cases, rainfall will not heavily impede the data 

collection of an experimental study if the trap is set for longer periods of time. However, 

if trapping occurs in short intervals (select hours during a day), then rainfall can greatly 

decrease the abundance and diversity of species that are collected during that period, 

which can skew the results of a study.  

2.4.6.  Relative Humidity 

Humidity is correlated with rainfall (George et al., 2013). Relative humidity is a 

product of increasing water vapour in air, which decreases the air pressure in an inverse 

relationship (George et al., 2013). The decreasing air pressure means a lower density of 

air particles, which impedes a blow fly’s ability to gain sufficient lift for flight (George et 

al., 2013). Therefore, high humidity environments are believed to act as an indicator of 

imminent rainfall to blow flies, whose behaviour will shift from body colonizing to shelter 

seeking at lower air pressures (Lutz et al., 2019). Like rainfall, increased periods of 

humidity will often have a negative correlation with the rate of colonization of a carcass, 

resulting in collections with a lower perceived abundance and diversity of species (Lutz 

et al., 2019; Ngoen-klan et al., 2011). This is a phenomenon that is not necessarily 

expected from blow fly species, as they are known to like moist body areas for 

colonization to provide a suitable diet for the hatching first instar larvae (George et al, 

2013; Lutz et al., 2019). Based on our knowledge of blow flies, it would be anticipated 
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that higher levels of humidity would provide better substrates for colonization, however, 

like rainfall, it is expected that there is a threshold to the level of humidity blow flies can 

successfully tolerate (George et al, 2013; Lutz et al., 2019). In corroboration, 

experimental evidence collected by George et al. (2013) in their study of Calliphoridae in 

Australia demonstrated that colonization was highest at a 40-50% mean humidity level. 

Dryer conditions below 40% humidity and wetter conditions above 50% humidity were 

correlated with marked decreases in oviposition by gravid females on an adequate food 

resource (George et al., 2013). The same finding was noted for C. vicina and Lucilia 

sericata (Meigen) in Lutz et al.’s (2019) study, in which relative humidity levels above 

80% decreased the flight activity of these species. Bugajski and Stoller (2017), on the 

other hand, determined in their Michigan-based study that humidity does not impact a 

blow fly’s ability to colonize a source. Therefore, unless humidity levels are drastically 

low or high in an environment, it is not a variable that will likely produce a significant 

impact on the timing of blow fly arrival and colonization.  

2.4.7.  Wind 

Wind factors into a blow fly’s ability to manoeuver effectively within its 

environment, with small amounts being required to facilitate lift during flight (Digby, 1958; 

George et al., 2013). In contrast, winds that are stronger than a specific threshold will 

deter a blow fly’s flight by disrupting their flight orientation towards a resource (Digby, 

1958; George et al., 2013; Lutz et al., 2019). A blow fly’s ability to orient themselves 

within an environment relies on their halteres (a specialized modification of the rear pair 

of wings on the thorax found within the Diptera), which aid in their movement and 

landing (George et al., 2013; Mohr and Tomberlin, 2014b; Rivers & Dahlem, 2014). Any 

impediment of a blow fly’s haltere function will affect flight and subsequent colonization 

(George et al., 2013; Mohr and Tomberlin, 2014b). A threshold wind speed of 8m/s was 

experimentally determined by Digby (1958) to disrupt effective flight patterns in blow 

flies. Wind blowing at a rate higher than 8m/s could significantly deter blow fly 

colonization by preventing their aerial access to a body (Digby, 1958). This finding was 

corroborated by George et al.’s (2013) study, which demonstrated that most blow fly 

species will effectively colonize if wind speed in an area is less than 10 km/h (~3m/s), 

with speeds greater than 28km/h (~8 m/s) sufficient to prevent flight. Another study by 

Mohr and Tomberlin (2014b) determined that gusts of wind as low as 2.5m/s can 
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negatively influence flying capability of blow flies and the odour cues provided by a food 

source. However, the same study provided contradictory results, where wind speeds of 

4.5 m/s still allowed for efficient colonization during the warmer summer months (Mohr & 

Tomberlin, 2014b).  

Wind can also distort chemical attractants emitted from a source depending on 

the environment composition, directionality, and speed, which can alter the dispersal 

range of a smell and affect the ability of nearby blow flies to locate necrophagous tissues 

using olfactory receptors (Aak et al., 2010; Lutz et al., 2019; Mohr & Tomberlin, 2014b). 

The ability of wind to impact flight and alter scent dispersal can ultimately cause changes 

in the timing of blow fly arrival and colonization of a corpse, resulting in a skewed 

minimum post-mortem interval calculation. 

2.4.8.  Barometric Pressure 

Barometric pressure is still a variable that has not been well documented in 

relation to the exact impact it has on the colonization of a body by necrophagous insects. 

However, recent studies have led researchers to postulate that lower atmospheric 

pressures may decrease colonization or shift the timing of colonization based on 

observed diminishment of fly activity during these conditions (George et al., 2013; Lutz 

et al., 2019; Wellington, 2011). Dipterans are sensitive to changing atmospheric 

pressure due to baroreceptors that are located in their aristae (Wellington, 2011). 

Pressure is thought to have this effect on blow fly colonization because, as mentioned 

previously, lower atmospheric pressure has an inverse relationship with humidity 

(George et al., 2013; Lutz et al., 2019). High humidity levels increase the amount of 

water vapour in the air, resulting in fewer air molecules, thus decreasing atmospheric 

pressure and the lift potential of blow flies during flight (George et al., 2013). Therefore, 

like relative humidity, a low atmospheric pressure can signal an impeding storm to blow 

flies, which will discontinue their colonization behaviour to increase survival by seeking 

dry shelter instead (George et al., 2013; Lutz et al., 2019; Wellington, 2011). This 

preconceived notion was not supported by the logistical regression analysis performed in 

George et al.’s (2013) study following collection of field data, however Wellington’s 

(2011) study of muscoid flies suggested that dipterans will behave erratically in response 

to fluctuating pressure conditions. Therefore, without conclusive, empirical, peer-

reviewed findings to support this concept, it is not possible to establish the precise effect 
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that atmospheric pressure has on the timing of colonization, abundance, or diversity of 

blow fly species within a region. Additionally, blow fly species demonstrate diversity in 

their behaviours and flight patterns, indicating that differential reactions may occur 

between species to an environmental variable. 

2.4.9.  Light Intensity- Night versus Day 

Blow flies are diurnal organisms, meaning that they operate during the periods 

between sunrise and sunset; changes in light intensity will affect a blow fly’s ability to 

perform basic functions and can alter the timing of colonization or the diversity of species 

on a body (George et al., 2013; Sharanowski et al., 2008; Weidner et al., 2016; Zurawski 

et al., 2009). In general, an increased light intensity increases blow fly activity, while 

periods of darkness, such as at night, effectively prevent colonization until a sufficient 

amount of light is present (Amendt et al., 2008; Lutz et al., 2019). Blow flies operate on a 

circadian rhythm and at night become unable to properly navigate their surroundings due 

to a diminished response to sensory stimuli (Amendt et al., 2008; Pyza & Cymborowski, 

2001). A study by Mohr & Tomberlin (2014b) demonstrated that blow fly species 

commence colonization of a corpse at dawn (when light first appears) and will continue 

to colonize until near sunset, when a threshold light intensity is reached that prevents 

sufficient navigation towards a source. These findings support the concept of blow flies 

as diurnal organisms and helps to explain why most researchers choose to conduct their 

blow fly related field studies during the daylight hours (Mohr & Tomberlin, 2014b).  

Some studies have attempted to document blow fly activity after dark, but 

significant findings of colonization have been minimal or nonexistent in most locations, 

indicating that darkness acts as a deterrent to colonization of a body, which can change 

the minimum post-mortem interval calculation significantly if an individual died at night 

(Sharanowski et al., 2008; Soares & Vasconcelos, 2016; Weidner et al., 2016; Zurawski 

et al., 2009). In a field study conducted after sunset by Zurawski et al. (2009), it was 

determined that blow flies did not oviposit 1-2 hours after dark, based on the absence of 

eggs on their chemical attractant meat source. This finding was supported by Weidner et 

al. (2016) in their night-time study, which also recorded a lack of blow flies following 

sunset. Even within a controlled laboratory-based setting, results have demonstrated 

that blow flies cannot properly orient themselves within an environment to fly towards a 



26 

baited trap when in complete darkness, which is a result of reduced locomotor capacity 

(Amendt et al., 2008; Zurawski et al., 2009).  

However, blow flies have been documented on occasion to oviposit at night, and 

are known to be able to navigate towards a body that is located in a dark space such as 

a car trunk (Amendt et al., 2008; Greenberg, 1990; Singh & Barti, 2001). The ability to 

navigate in dark spaces during the day is presumed to be possible because of their 

circadian rhythm, with precise locomotor control being active during daylight hours 

(Amendt et al., 2008; Pyza & Cymborowski, 2001). Greenberg (1990) demonstrated in 

his study that blow flies (Lucilia (=Phaenicia) sericata, C. vicina, and P. regina) have the 

ability to oviposit at night, but the placement of the bait on the ground in his field studies 

introduced issues as it may have provided the opportunity for nearby grounded, “resting” 

state flies to walk onto the source and lay eggs. However, a study conducted by Singh 

and Barti (2001) using a raised platform demonstrated a 33% oviposition rate at night, 

with 5 of 14 trials resulting in oviposition on the meat source. This study also 

demonstrated that while oviposition did occur after dark, the chance of oviposition and 

the number of eggs laid on the source were significantly reduced in comparison to 

normal daytime conditions (Singh & Barti, 2001). These empirical findings must be taken 

into consideration when estimating the PMI of a body that is found near dawn because it 

can change the elapsed period since death to as long as the previous night following 

sunset, creating a significant range during which death may have occurred.  

2.4.10. Light Intensity- Sunlit versus shaded locations 

In addition to differences between night and day, light intensity between direct 

sunlight versus shaded locations within the same environment during the daylight hours 

can present a different abundance and diversity of blow fly species (Castro et al., 2011; 

Dietze, 2019; Sharanowski et al., 2008; Shean et al., 1993). Research has demonstrated 

that some species preferentially colonize carcasses in shaded regions if given a choice, 

which can be explained as it provides a cooler ambient temperature for developing 

larvae (Castro et al., 2011; Dietze, 2019; Shean et al., 1993). This is critically important 

for blow fly species that cannot tolerate hotter conditions that may be experienced within 

a maggot mass on a carcass in direct sunlight (Shean et al., 1993). Both Dietze (2019) 

and Castro et al. (2011) demonstrated higher abundances of blow fly species in shaded 

tested areas compared with carcasses in sunlight. The inverse may also be anticipated, 
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where species that have a sensitive cold temperature threshold may seek out oviposition 

sites on substrates that are in warmer, sunlight exposed areas (Sharanowski et al., 

2008; Shean et al., 1993). This behaviour was observed in a seasonal study conducted 

by Sharanowski et al. (2008), where a higher diversity of necrophagous insects were 

observed in the sunlight-exposed carrion during the spring and autumn periods. 

However, different dominant species were observed within the two areas, with the 

sunlight exposed carcasses receiving higher abundances of P. regina and Protophormia 

terraenovae (Robineau-Desvoidy), while Cynomya cadaverina (Robineau-Desvoidy) and 

P. terraenovae dominated on the shaded pig carrion (Sharanowski et al., 2008). As well, 

a study by Shean et al. (1993) using pig carcasses showed that Lucilia illustris (Meigen) 

and P. regina were observed in greater abundance at an exposed sunlit carcass, while 

Calliphora vomitoria (Linnaeus) was recorded in greater numbers at a shaded carcass. 

Additionally, this study demonstrated a general preference by blow flies to oviposit on 

the shaded carcass regardless of species; however this result may have been due to the 

faster decomposition rate of the sunlight exposed carcass (Shean et al., 1993). The 

preferential differences between species for different temperature colonization sites can 

create a very confined niche within an environment if a body is found in partial shade or 

sunlight, with different body regions potentially being chosen to maximize survival based 

on each species’ temperature thresholds.  

2.4.11.  Temperature 

Of the variables known to influence blow fly species and their impact on forensic 

entomology procedures, none require more critical consideration than temperature, 

especially in relation to the development of blow fly larvae (Ames & Turner, 2003; 

George et al., 2013; Grassberger & Reiter, 2002; Mohr & Tomberlin, 2014b). The 

temperature of a site (i.e. a microclimate) heavily influences the timing of carcass 

colonization, the rate of larval development, and the spatial range of blow flies within that 

environment based on differential habitat preferences and temperature thresholds 

(Brundage et al., 2011; Donovan et al., 2006; Hwang & Turner, 2005; Weidner et al., 

2015). To comprehend the impact of temperature on blow fly development, an 

understanding of the relationship between their internal metabolic functioning and their 

outward behavioural display is needed. All blow flies are poikilothermic, which is defined 

as a specialized type of organism that has the ability to alter its internal body 
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temperature over a wide range in response to the ambient temperature of its 

environment, without sustaining physiological damage (Ames & Turner, 2003). 

Poikilothermy affects blow flies by dictating that each stage of development requires a 

specific amount of accumulated heat from the surrounding environment (known as 

accumulated degree days (ADD) or accumulated degree hours (ADH)) to advance to the 

subsequent stage of the life cycle (Ames & Turner, 2003; Donovan et al., 2006; Sanford, 

2017; Zurawski et al., 2009). Therefore, higher environmental temperatures result in 

increased rates of development because it increases the internal temperature of the 

blow flies, which speeds up their metabolic function and allows for higher rates of activity 

(Anderson, 2000; Byrd & Butler, 1997; Donovan et al., 2006; Rivers & Dahlem, 2014; 

Wall et al., 1992).   

Many laboratory studies have been conducted to determine the developmental 

times necessary for blow flies to progress through their life stages at a range of 

temperatures (Ames & Turner, 2003; Anderson, 2000; Byrd & Butler, 1997; Donovan et 

al., 2006; Grassberger & Reiter, 2001; Grassberger & Reiter, 2002; Wall et al., 1992). 

For example, Donovan et al.’s (2006) study demonstrated that C.vicina, the common 

blue bottle fly, typically requires approximately 4700 accumulated degree hours (ADH) 

for development from egg hatch to pupariation at an ambient temperature of 1-1.5oC. 

Illustrated nicely in Anderson’s (2000) study, as the temperature increases, the ADH 

required for development through the life stages decreases because higher heat speeds 

up larval growth in a linear fashion. Once again examining C. vicina development, it was 

observed that as the temperature was increased from 15.8oC to 20.6oC to 23.3oC, the 

minimum ADH required for development from egg hatch to pupariation changed from 

294.0 to 213.0 to 202.8 respectively (Anderson, 2000). This phenomenon was also 

observed in the 2002 study performed by Grassberger and Reiter, which examined the 

possible range of rates for complete development through all life cycle stages in P. 

terraenovae, where the fastest larval development times occurred at a peak temperature 

of 35oC and the slowest time for development occurred at an ambient temperature of 

15oC, which was assumed to be the minimum threshold for that species based on the 

results. However, each species of blow fly is unique, which means that they have 

different ADD or ADH requirements to complete their larval instar stages, which explains 

why certain species tend to mature faster than others in the same environment (Ames & 

Turner, 2003, Anderson, 2000). This concept of differential development was 



29 

demonstrated in a famous study by Ames & Turner (2003), which highlighted that C. 

vomitoria required more accumulated degree hours than C. vicina at an ambient 

temperature of 20oC to develop through the life stages. These studies indicate that 

temperature increases will produce adult flies at a faster rate, which if reproductively 

active, will allow for colonization (Ames & Turner, 2003; Anderson, 2000; Grassberger & 

Reiter, 2002). Additionally, the environmental temperature will influence the reproductive 

capabilities of female flies in relation to ovarian diapause, creating temporal ranges of 

gravidity (Numata & Shiga, 1995; Saunders & Gilbert, 1990). If these increasing 

temperatures occur earlier in the annual period, the range of oviposition will become 

larger, providing a longer period of blow fly activity during the year (George et al., 2013). 

This hypothesis was examined in an Australia-based study by George et al. (2013), 

which produced a 69% accuracy rate following data collection and analysis, indicating 

that temperature likely played a significant role in carcass colonization by Calliphoridae 

species. 

Environmental temperatures affect when blow flies become active during an 

annual period, with increases causing the emergence of adult blow flies in the spring 

months (Rivers & Dahlem, 2014).  This emergence is preceded by the hibernation of 

third instar larval stages, which surface from the ground to continue their development, 

effectively determining when blow flies are present within an environment over an annual 

period based on temperature fluctuations (Ames & Turner, 2003). This overwintering, 

hibernation-style stage is known as diapause, a dormant stage that protects against 

harsh environmental conditions (Gullan & Cranston, 2010; Rivers & Dahlem, 2014; 

Wilde, 1954). Diapause, much like hibernation, acts to maintain an organism’s body 

systems under reduced metabolic function, which promotes blow fly survival until a 

favourable temperature is reached above a specific threshold that permits the blow fly to 

restart or complete its life cycle to adulthood (Delinger, 2002; Wilde, 1954). Before the 

restoration of complete metabolic function, an overwintering adult female blow fly will not 

be gravid (i.e. sexually mature and capable of oviposition) because the genes required 

for the complete development of the ovaries and subsequent laying of eggs are turned 

off during diapause (Delinger, 2002). Therefore, females that diapause as adults will be 

functionally limited until a species-specific threshold temperature is reached and 

maintained for a period of time (Ames & Turner, 2003; Wilde, 1954).  This minimum 

temperature threshold for blow fly survival and activity is generally in the range of 0oC-
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10oC, but is completely dependent on the temperature requirements of a species, with 

the expression of diapause commencing for some individuals at temperatures as high as 

15oC (Ames & Turner, 2003; Wilde, 1954). For example, a study conducted by Wall et al. 

(1992) demonstrated that a base temperature of 11oC was required for oviposition by L. 

sericata, highlighting the temperature requirements for the continuation of metabolic 

functioning in this species. The diapausal nature and inhibition of less critical metabolic 

functions are produced through strict gene regulation and protein production, resulting in 

a brief adjustment period between the observation of blow flies in their natural 

environment at the start of the year and when the progeny of that generation are capable 

of being produced (Delinger, 2002; Mohr & Tomberlin, 2014a).  

This current understanding of diapause and blow fly metabolic regulation 

explains why higher abundances of blow fly species are caught in the warmer spring and 

summer months (Brundage et al., 2011; Donovan et al., 2006; Gruner et al., 2007; Wall 

et al., 1992). Following these warmer periods, the abundance and diversity slowly begins 

to taper off as colder temperatures predominate in fall and winter seasons and the 

species-specific minimum temperature threshold is reached, causing diapause to 

commence once again (Brundage et al., 2011; Donovan et al., 2006; Gruner et al., 2007; 

Wall et al., 1992). However, some species such as Lucilia coeruleiviridus (Macquart) 

have been demonstrated to thrive during all seasonal periods, even in a winter climate, 

which is largely influenced by the geographic region and its seasonal temperature range 

(Gruner et al., 2007). It has also been demonstrated in a study conducted by Weidner et 

al. (2015) that areas with higher year-round temperatures may have an increased 

abundance and diversity of species. Therefore, regional temperatures form habitable 

ranges for survival and reproduction that are unique to each species (Hwang & Turner, 

2005; Weidner et al., 2015). This knowledge allows researchers to construct temporal 

ranges for the presence and periods of gravidity of local blow fly species within their 

region on an annual scale.  

In total, these biotic variables produce a variety of effects that range from having 

an immense to small impact on blow fly species, forming a delicate equilibrium between 

what is essential for colonization, and what poses a threat to the survival of 

necrophagous species on a body. In essence, all of the factors discussed, both biotic 

and abiotic, are testable theories that can be used singularly and in combination to 

understand their differential effects on blow fly development and colonization timing in a 



31 

diverse range of environments. The recognition and investigation of these factors by 

forensic entomologists is critical to provide an accurate analysis of entomological 

evidence and a precise minimum PMI estimation within legal investigations. 

2.5. The Influence of Geographic Location  

Geographic variation, which examines the differing habitat zones occupied by a 

species, is the second key factor investigated in this study. The arrays of abiotic and 

biotic variables that exist within an environment form a delicately balanced equilibrium to 

create a unique ecosystem (George et al., 2013). While the seasonal variation aspect of 

this study examines a change in these abiotic and biotic factors over time, geographic 

variation observes how these interconnected variables can influence different locations 

at the same point in time to create environments that have their own unique abundance 

and diversity of species. The conceptualization of distinct geographic zones indicates 

that the spatial range of species can be unique to an area and that they are not 

predefined based solely on environment factors or biology as separate entities, but 

rather that they play an interconnected role to determine a species’ desired niche 

(Brundage et al., 2011; Hwang & Turner, 2005; Weidner et al., 2015). The examination 

of geographic variation in conjunction with seasonal variation can aid in creating a 

database for a region based on the abundance and diversity of species collected within 

the different sampled environments. This type of database would showcase species-

specific spatial ranges, which is information that is critical for accurately determining 

post-mortem movement of a body from an entomological perspective (George et al., 

2013; Joseph et al., 2011). Therefore, by integrating geographic variation as a variable 

in this study, the species present within an environment and their range can be 

established. This concept will be discussed in relation to different geographic variables 

that can impact species composition, including elevation, synanthropic versus rural 

species, and habitat zones. These variables will be contrasted against the British 

Columbia biogeoclimatic zone to understand their relative influences within the current 

project. 
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2.5.1. Elevation 

Elevation, which constitutes a measure of vertical distance above a fixed 

reference point (often sea level), is a factor that can influence the composition of an 

ecosystem (Poveda et al., 2012). Much of the literature has demonstrated that as 

elevation increases to extreme heights, the biodiversity of the ecosystem decreases, 

with a peak level of diversity often achieved at intermediate levels of elevation 

(Gemmellaro, 2019; Hodkinson, 2005; Poveda et al., 2012). This inverse relationship is 

impacted by many variables, including shifts in temperature, light intensity, moisture, and 

resources as elevation changes (Grytnes & McCain, 2007). However, even though the 

general trend demonstrates lower diversity at higher elevations, certain species may 

actually have a greater tendency to occupy these regions. Therefore, the lifestyle 

preferences of different blow fly species will determine their elevation range and the 

diversity found within an environment. As shown in a Colorado-based study by Adair 

(1999), P. regina, Calliphora terraenovae (Macquart), and P. terraenovae can survive at 

elevations upwards of 2,800m as long as the average minimum development 

temperatures are met. This finding confirmed the results of De Jong’s (1994) study, 

which demonstrated the presence of C. terraenovae and P. terraenovae at higher 

elevations of the Rocky Mountains (Adair, 1999). An additional Colorado study illustrated 

the ability for three additional species of necrophagous insects (Thanatophilus 

coloradensis, Calliphora coloradensis (Hough), and Lucilia silvarum (Meigen) to develop 

on a human cadaver at elevations of 11,000 ft (Adair & Kondratieff, 2006). Therefore, 

more cold tolerant species such as C. vicina or C. vomitoria are more likely to be present 

at higher elevations in comparison to other necrophagous insects such as L. sericata or 

Chrysomya albiceps (Wiedemann) that tend to occupy more temperate climates (Baz et 

al., 2007; Davies, 1990; Gemmellaro, 2019). A study conducted in Sicily by Gemmellaro 

(2019) revealed this trend in L. sericata and C. vicina populations, documenting high 

abundance of L. sericata at 700 metres compared with C. vicina, which was noted to be 

a common forensic species collected at 1153 metres elevation. These gradients of 

differing species composition across a range of elevations provide a clear segregation 

between Calliphoridae species based on their survival (Baz et al., 2007). Overall, these 

preferences, which largely correlate to temperature and minimum developmental 

thresholds, can help establish an elevational range for each species within a region and 
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aid in the determination of post-mortem body movement based on collected specimens 

and the location of the crime scene.  

2.5.2. Synanthropic & Rural Species 

Humans heavily influence the regions they colonize, impacting the environment 

and the organisms that exist within it. Human habitation will alter the ecosystem 

composition, influencing the abundance and diversity of local species based on their 

ability to adapt and their requirements for survival (Vitousek et al., 1997). Certain blowfly 

species take advantage of these newly developed spaces and are known as 

synanthropic species, which means that they occur in more urbanized landscapes than 

species that are adapted to rural, forested environments (Weidner et al., 2015). These 

landscapes create distinct zones of habitation for particular species based on their 

needs to survive and the resources available.  A study conducted by Weidner et al. 

(2015) in New Jersey observed this phenomenon of preferential habitat selection, with 

results that indicated a higher aggregation of blow flies within central (n=4,688), high 

density, urbanized human populations compared with more rural-based regions in the 

north (n=1,239) and south (n=3,330). Additionally, their study highlighted different 

dominant species between the three regions (North-Calliphora livida (Hall), Central- P. 

regina, and South- L. coeruleiviridus), indicating the potential for P. regina (usually 

considered a ubiquitous species) to be more adapted towards an urban lifestyle in 

comparison with the other two species collected from the more rural sites (Weidner et 

al., 2015). In contrast to Weidner et al.’s (2015) findings, Brundage et al.’s (2011) 

Californian study produced a more expected result, whereby a greater abundance was 

collected from the rural location (46%) in comparison with their other two sites (riparian-

35%, urban-19%). A higher abundance and diversity of species is often expected in rural 

regions due to a higher proportion of resources and less disturbance from outside forces 

(ie. humans). However, like Weidner et al.’s (2015) study, different species were 

observed at each site, indicating that the current study conducted in British Columbia 

should also observe differences in species composition between the urban and rural 

trapping locations (Brundage et al., 2011). A previous study conducted in the Metro 

Vancouver region of British Columbia demonstrated just this, identifying C. vicina, L. 

sericata, and Calliphora (=Eucalliphora) latifrons (Hough) as more synanthropic species 

in comparison with P. regina and L. illustris, which were predominantly found in rural 
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trapping locations (Anderson, 2000). The difference in species composition between 

these habitats plays a similar role to elevation by potentially establishing the location of 

death based on the species of necrophagous insects that colonize the body early post-

mortem. 

2.5.3. Habitat Zones & British Columbia Biogeoclimatic Zones 

Global environments vary greatly based on local conditions, forming distinct 

zones of habitation for the native plants and animals that occupy the present ecosystem 

(Pojar & Meidinger, 1991). Depending on the spatial range of these habitat zones and 

the survival requirements for a species, regions may produce unique floral and faunal 

“pockets” of organisms that are specific only to that zone (Brundage et al., 2011; Hwang 

& turner, 2005). For criminal investigations, the identification of one of these specialist 

species being found outside of its clearly defined habitat zone can be a strong indicator 

of post-mortem body movement (Joseph et al., 2011). The concept of habitat zones was 

highlighted in a study by Brundage et al. (2011), where seven species of forensic 

importance were collected using baited traps from within a distinct region known as the 

“Bay Area”; however, a previous study had shown that there are approximately 15 

commonly known Calliphoridae species throughout the greater California region that the 

study encompassed (James, 1955). This knowledge indicated that well-defined habitat 

zones may occur in blow fly species and that diversity can vary within small ranges 

where differing ecosystems overlap (Brundage et al., 2011). The concept of both distinct 

and overlapping regions of species diversity and abundance in small range areas was 

also recorded within prairie and forest habitats (Bugajski and Stoller, 2017). Bugajski 

and Stoller (20017) demonstrated that while some species, such as L. sericata, were 

only collected within a distinctly forested habitat, other species like L. coeruleiviridus 

were found in both prairie and forest habitats, which indicated that certain species are 

more adaptable to differing environments than others. Habitat preferences of species are 

not a unique concept and have been observed in many studies that utilize multiple 

distinct geographic regions for collection and analysis of data (Benbow et al., 2013; 

Hwang & Turner, 2005; McPherson et al., 2004). These habitat preferences are unique 

and indicate that research is needed for each species known to inhabit an area to 

understand their adaptation to the environment and their range of habitation. 
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British Columbia is a large province composed of multiple types of biogeoclimatic 

zones, which will impact the species composition and dominant species of a sampled 

area based on factors such as the local climate, vegetation, and soil composition (Pojar 

& Meidinger, 1991). The current study was conducted in the Metro Vancouver region of 

British Columbia, which is in the Coastal Western Hemlock (CWH) zone (Pojar et al., 

1991). The CWH zone, named for the dominant species of tree (Western Hemlock- 

Tsuga heterophylla (Rafinesque) Sargent) in the region, is characterized by mild, wet 

conditions in the winter months and cool, dry conditions in summer months, producing 

an average annual temperature of 8oC (Pojar et al., 1991). Key blow fly species of 

forensic importance that have been collected from past research in British Columbia 

(mostly conducted in the CWH zone) include Phormia regina, Protophormia terraenovae, 

Calliphora vicina, Calliphora vomitoria, Calliphora terraenovae, Calliphora latifrons, 

Lucilia illustris, and Lucilia sericata (Anderson, 2000; G. Anderson, Personal 

communication, October 10, 2018). Therefore, the CWH zone provides a range that is 

suitable for the survival and reproduction of these Calliphoridae species. However, as 

previously mentioned in section 2.4.3., our current climate is under a rapidly shifting 

dynamic, initiating changes in migration patterns and suitable zones of habitation for 

many species (McCarty, 2002; Portner & Farrell, 2008). This project will determine if the 

species composition of the CWH zone has shifted as a result of these climatic conditions 

or other environmental factors. 

2.6. Body proxies and bottle traps as accurate predictors of 
necrophagous species composition 

There are two main methods that have been utilized by researchers to analyze 

the impact of various environmental factors on the colonization of a body by forensically 

relevant organisms in a field setting: (1) small bait traps and (2) animal and human 

carcasses (Farinha et al., 2014; Gruner et al. 2007; Sanford, 2017; Sharanowski et al., 

2008; Shean et al., 1993; Weidner et al., 2017; Zurawski et al., 2009). These methods 

allow scientists to recreate a condition similar to a death investigation scene to monitor 

species that interact with constructed “body” proxies that have been set in a desired 

geographic location (Farinha et al., 2014; Wang et al., 2017). Studies that employ 

carcasses typically use pigs or large game cadavers as proxies (Carvalho et al., 2004; 

Sabanoglu & Sert, 2010; Sharanowski et al., 2008; Shean et al., 1993; Wang et al., 
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2017; Zurawski et al., 2009). As observed in Gruner et al.’s (2007) study, pig carcasses 

are the preferred experimental substitute as they most closely mimic stages of the 

decomposition process recorded for human cadavers, due to their similar epidermal 

composition and size. Additionally, the creation of body farms in international locations 

allows researchers to use actual human cadavers that were donated following death to 

monitor decompositional processes and other death-related activities of interest (Blau, 

2017; Gill, 2017). However, as both human and animal cadavers alike are valuable 

resources that are difficult to acquire, many field scientists instead use baited traps to 

create their experimental death scene (Black, 2017; Blau, 2017; Farinha et al., 2014; 

Weidner et al., 2017).  

Blow fly traps of varying designs are baited with a small piece of meat, typically 

bovine or swine liver, as these types of visceral animal sources are known to be high in 

nutrition for the developing necrophagous larvae and have been demonstrated to be an 

attractive oviposition site for Calliphoridae species (Boonchu et al., 2003; Brundage et 

al., 2011; Hwang & Turner, 2005; Weidner et al., 2015). These small traps provide a 

more contained, cost-effective, and easy to manage system for the researcher in the 

field compared with a larger scale carcass (Farinha et al., 2014; Weidner et al., 2017). 

While different, both forms of proxies emit chemical attractants similar to a human 

corpse as the meat source decomposes, acting as a lure to blow flies and other 

necrophagous insects within the surrounding area (Farinha et al., 2014; Weidner et al., 

2017). To test their relative efficiency, studies have proven that the designs of both small 

bait traps and animal carcasses are functionally equivalent as accurate predictors of 

colonizer composition on human bodies (Farinha et al., 2014; Sanford, 2017; Weidner et 

al., 2017). Weidner et al.’s (2017) study evaluated the efficacy of baited traps to 

accurately demonstrate species composition of an area in comparison to results 

obtained from pig carcasses in Weidner et al.’s (2015) study. Their results showed that 

all common Calliphoridae species (i.e. species that accounted for at least 1% of the 

captured population) were collected from both experimental set-ups, which indicated that 

small baited traps were able to predict the species composition of a site as well as pig 

carcasses (Weidner et al., 2015; Weidner et al., 2017).  Both trap designs function to 

collect blow flies from an environment, but a researcher’s approach on how to collect 

their data is dependent on their study goals and the ecological variables they are 

interested in understanding or manipulating to answer their hypothesis. After analysis of 
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the current literature, I decided that small baited traps were the best choice for this 

project, as they provided an easy to manage system that could be deployed across 

multiple sites over time.  
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Chapter 3.  
 
Research Design 

3.1. Research Objectives  

Purpose of the study. The encompassing goal of this research was to 

understand necrophagous species composition within differing geographic regions over 

an annual period, with a specific focus on Calliphoridae. Over the course of this study in 

the Metro Vancouver and surrounding areas, my research goals were (1) to document 

the abundance and richness of blow fly species at three separately located elevations 

over a 9 month period to understand selective influences and form a collective portfolio 

of each sampled location (2) to determine how the recorded ecological variables of 

interest, principally temperature and light intensity, influenced the ability of Calliphoridae 

to colonize and oviposit on carrion and their operational activities within a habitat zone, 

(3) to understand the influence of predation on abundance and diversity of 

necrophagous Diptera and (4) to establish the temporal ranges for blow fly species for 

general activity versus reproductive activity, based on the oviposition capability of 

females. Cross-examination of these elements relative to the observed Calliphoridae 

species composition provided information on the key influential variables and the 

dynamic relationship that occurs within blow fly populations in distinct habitats of Metro 

Vancouver and surrounding regions. The completion of these goals allowed for a greater 

comprehension of how population dynamics function within blow fly communities and 

their impact on death investigation cases. 

Hypothesis. Based on my review of the forensic entomology literature, I 

postulated that different environments should have unique compositions of species 

depending on the ecosystem and the concept that dynamic shifts will occur over time as 

climatic conditions and resources change. Therefore, abundance and diversity of 

collected blow fly species are expected to change as a result of temperature and other 

environmental fluctuations over time, with the highest diversity and abundance expected 

to be found within the warmer summer months (Brundage et al., 2011; Donovan et al., 

2006; Gruner et al., 2007; Wall et al., 1992). Species composition is also expected to be 

different within the three sampled locations, with the highest abundance and diversity 
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expected to occur at the rural trapping location as compared to the two more urbanized 

locations. I expected that each captured species would vary in their lifestyle preferences 

and temperature requirements, with each trapping location demonstrating a unique 

species composition over time. The null hypothesis for this project would be that no 

changes in species composition would exist within geographically different regions or 

over time, and that all species would be equally represented in each sampled 

environment regardless of the environmental conditions present. 

Potential Applications and Significance. Previous literature has demonstrated 

the value of blow flies and other necrophagous insects within medico-legal 

investigations, based on their ability to be analyzed as crime scene evidence by forensic 

entomologists to aid in the determination of a minimum PMI (Catts & Goff, 1992; 

Greenberg, 1991; Greenberg & Kunich, 2002; Rivers & Dahlem, 2014; Saferstein, 2015). 

Studies have also demonstrated the value of insects to potentially be used for 

determination of body movement and disturbance, toxicology reports, cases of abuse, 

and the analysis of wounds (Amendt et al., 2011; Haskell, 2007; Rivers & Dahlem, 

2014). However, to ascertain this type of information, previously collected and peer-

reviewed experimental data for a region is essential for entomologists to know the typical 

species composition of blow flies at a crime scene and the adaptations of these 

organisms based on the local environmental climate (Rivers & Dahlem, 2014). 

Therefore, this project, through the collection of information on the abundance and 

diversity of blow fly species within the Metro Vancouver area, can aid with future 

investigations to allow entomologists to understand what blow fly species occur within 

the area, their range of activity over an annual period based on temperature thresholds, 

and the range of activity for gravid female blow flies. These data will ameliorate the 

existing literature present for the region by updating our knowledge of species within our 

localized environment. Updating systems is a necessary procedure for ecologically 

based information as species habitats and range of movement can shift over time 

(McCarty, 2002; Portner & Farrell, 2008; Taylor et al., 2017). Alterations in 

environmental conditions have the ability to force the migration of species to new 

environments, which is a factor that is becoming more prominent due to climate change, 

resulting in drastic changes in species abundance, diversity, and extinction within many 

regions globally (McCarty, 2002; Portner & Farrell, 2008). 
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3.2. Research Questions 

The principal question to be addressed through this project was (1) whether 

geographic and seasonal variation would influence the species composition of early 

carcass colonizers. Additional research questions included (2) whether environmental 

variables, such as temperature or rainfall, would differentially impact species 

composition of a region relative to each other, (3) whether predation can significantly 

influence the abundance and diversity of species in a region, (4) whether elevation plays 

a role in species composition, (5) whether there are distinct temporal ranges of activity 

between gravid and non-gravid blow flies for each collected species, and (6) whether 

sunlit versus shaded cadavers at the same location demonstrate a difference in 

colonizer composition.  
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Chapter 4.  
 
Materials and Methods 

This aim of this project was to examine the effect of seasonal and geographic 

variation on necrophagous species composition, specifically Calliphoridae obtained early 

in the colonization process of a carcass. The project was conducted within the Metro 

Vancouver area of British Columbia, Canada, providing a novel insight into the 

necrophagous community of the region. To accomplish this goal, bottle traps were 

constructed and baited with sections of beef liver to mimic a cadaver. These traps were 

placed within three distinct regions of the Lower Mainland of British Columbia and were 

sampled over a period of nine months to analyze species abundance and diversity 

between differing habitats over time. An additional survey was conducted to examine the 

impact of sunlight and shade on species abundance and diversity within the same 

sampled locations during the summer months of July and August for a six-week period. 

Findings from this project were analyzed in relation to the variables of rainfall, 

temperature, and predation to determine the potential influences of these environmental 

factors on catch rate and oviposition. The preparation, deployment, collection, and 

analysis process will be described within this section to provide an overall understanding 

of how the research was designed and conducted for the duration of this project. To 

explain these concepts effectively, this materials and methods section is broken down 

into the pre-experimental procedures (4.1.), the experimental procedures (4.2.), post-

experiment laboratory analysis (4.3.), statistical data analysis (4.4.), and a statement 

regarding field safety protocols and exemptions in ethics and animal care protocol (4.5.). 

These sections are written in accordance with Survey 1. A separate subsection within 

each defined section will highlight procedures that were utilized for Survey 2, which was 

conducted to examine the effect of light exposure on carcass colonization. 
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4.1. Pre-experimental Procedures 

4.1.1. The Study Sites 

This project was conducted within distinct three sites that differed in geographic 

location, elevation, and composition of flora and fauna. These sites were chosen based 

on their accessibility to the researcher but not to the general public, the evaluation of 

potential risk involved for individuals during the deployment and collection process of 

traps (refer to section 4.5.1.), and the different landscapes they provided as urban, rural, 

and mixed environments to maximize potential diversity of collected necrophagous 

species. The three chosen sites were utilized for the duration of the nine-month 

collection period. 

Site 1 (labelled as BP throughout the project to represent Birkdale Place) was the 

backyard of a house in an urban residential area of Burnaby, BC at 49.2714N, -

122.9423W and an elevation of approximately 103 m above sea level (ASL). The site 

consisted of a wooded landscape composed of large trees and small shrubbery, with a 

stream flowing through the area. Site 2 (labelled as SFU throughout the project to 

represent Simon Fraser University) was located in a mixed urban-rural area located in 

the biology greenhouse locked compound area on the Simon Fraser University Burnaby 

campus.  Coordinates for site 2 were 49.2758N, -122.9148W, and it was 330 m ASL. 

The surrounding area consisted of a wooded landscape and small shrubbery, however, 

the trapping location was located within a locked gravel-based complex away from the 

majority of the surrounding flora. In addition, heavy construction work that provided high 

levels of background noise was being performed in the immediate area during the 

majority of this project, from approximately May-October 2019. The construction was not 

performed directly within the locked compound, so pedestrian activity within the trapping 

area was still low, but activity outside the compound was high on a daily basis. It is 

unknown by the primary researcher how this form of human activity may have impacted 

the collection results (if at all) for this trapping location, however it was noted as a 

potential influence. Site 3 (labelled as Rural throughout the project to represent the rural 

trapping location) was located on the property of a house within a rural area of Langley, 

BC at 49.1019N, -122.5435W, and 90 m ASL, and consisted of an open field and 

wooded landscape.  
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All trapping locations had sun exposure and were minimally obscured by canopy 

cover, providing areas to place traps in full sunlight. Additionally, pedestrian activity near 

the trapping sites was minimal and restricted to those with access to the area (i.e. 

tenants or researchers). All trapping locations had the opportunity to be influenced by 

aerial and terrestrial predators based on the placement of the traps.  

4.1.2. Construction of the Traps 

Small, modified bottle traps (Fig. 4.1.) were used to capture blow flies in the 

Metro Vancouver area of British Columbia based on a design used by Hwang and 

Turner (2005), illustrated in their study performed in Central London, England. Bottle 

traps were chosen for use in this study rather than animal carcasses based on their 

convenience, both as an inexpensive means to capture flies within an environment and 

their ability to be easily placed in multiple locations in different environments. In addition, 

bottle traps rather than animal carcasses provided a better way to analyze early carcass 

colonization during a short period of time as they utilized fewer resources and could be 

quickly removed from the environment following the trapping intervals. As mentioned in 

section 2.6., bottle traps have been demonstrated to act as accurate predictors of 

necrophagous species composition, therefore, their usage for the purposes of this 

project have been validated (Farinha et al., 2014; Sanford, 2017; Weidner et al., 2017). 
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Figure 4.1.  (a) Bottle trap used to catch necrophagous and necrophilous 
arthropods in Metro Vancouver area sites, March-December, 2019. 
Trap is baited with bovine liver on filter paper. Trap design was 
modified from that used by Hwang and Turner (2005) 

Ten traps were constructed for the ongoing nine-month project. Nine traps were 

continually used during each trapping period over the duration of the project. One 

additional trap replaced a trap that had been destroyed by local wildlife in the rural 

Langley location. Each trap was constructed using two 2-litre clear plastic, fully 

cylindrical soda bottles. The bottles were obtained from home and from a local recycling 

depot in Burnaby, BC. The bottle labels were removed using soap and water and the 

bottles were washed to remove any sugar and glue residues. The bottles were left to dry 

prior to trap construction. Approximate dimensions of the traps include a height of 28cm, 

circumference of 34.5cm, and a diameter of 11.3cm.  

To create the bottle trap, the first bottle was cut to produce two uneven length 

pieces. One piece of the bottle was 24cm in length measured from the top of the bottle 

to the cut location (the larger piece), while the other piece of the bottle was 4cm in length 

measured from the bottom of the bottle to the cut location (the smaller piece). The bottle 

cap was left on the top piece. These two pieces comprised the top and lower parts of a 

singular bottle trap. Two 2cm by 2cm holes were cut using diagonal slices with a scalpel 

in an “X” shape (no plastic was cut off) on opposite ends of the bottom piece of the first 
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bottle. These cut pieces were pushed inside the bottle to form a square tunnel for the 

blow flies to fly into. A horizontal opening was then cut in the same 4cm length bottom 

piece at a width of 9-10cm and a height of 3.5cm (once again without removing the 

plastic) 2. The opening was used as a door for the trap and was sealed after placement 

of the beef liver using strips of Velcro® stuck to the outside of the bottle bottom. Like the 

first, the second bottle was cut into two uneven pieces. The bottle was cut at a location 

that was 10cm from the top of the bottle and the screw cap was removed. Only the top 

portion of this cut second bottle (i.e. the funnel shaped piece) was used in the 

construction of the bottle trap. The lower half of the second bottle was disposed of. This 

funnel-shaped piece was placed inside the two cut pieces of the first bottle and the 3 

combined pieces of the two bottles were attached together using metal paper fasteners 

at twelve hole-punched points on the bottles (4 hole punches dispersed evenly per bottle 

around their circumference). Finally, a piece of string approximately 45cm in length was 

tied to the neck of the bottle trap in a loop to allow for the bottle to be hung in an 

environment at approximately 20cm below its point of attachment.  

The trap was designed in this manner to create a durable collection device that 

would last for the extent of the project without the need for repair and to survive the 

climatic conditions of the Vancouver area, which is prone to high amounts of rainfall. The 

trap allowed for the easy placement of liver into and out of the traps during placement 

and collection using the horizontal door, with a convenient Velcro® sealing mechanism to 

prevent fly escape. Once the liver was placed in the traps, the chemical cues emitted by 

the bait would attract necrophagous insects, which would enter the trap through one of 

the two small “X” shaped funnel entry holes. Inside the trap, the captured insects would 

be able to oviposit or feed on the substrate. Upon finishing, the insects would proceed to 

travel up the sides of the bottle, funnelling into the upper portion of the trap, where they 

would remain until collection. 

                                                
2 In the original construction of the bottle traps, no “X” shaped slits were made and the plastic 
from the 9-10cm door was cut off. This formed a large opening for flies to enter the trap. 
However, this large opening provided a higher chance of blow fly escape from the bottle trap. The 
bottle traps were then modified to incorporate the changes highlighted in section 4.1.2. The 
modified bottle traps were utilized for the remainder of the project, from May 27th-December 2nd, 
2019. The originally constructed traps were used from March 5th-May 20th, 2019, which may have 
influenced the abundance and diversity of species captured during those initial months.  



46 

4.1.3. Pre-experimental Laboratory Preparation 

Traps were baited with beef liver obtained from the Forensic Entomology 

Laboratory at Simon Fraser University. Beef liver for this laboratory is provided by Surrey 

Meat Packers, Surrey BC, and is kept frozen in plastic bags until needed in a -20oC deep 

freeze. Beef liver was used in this project to mimic the necrotic tissue of a carcass as it 

decomposes because this form of substrate acts as the typical oviposition site of blow 

flies (Goff, 2009; Norris, 1965; Rivers & Dahlem, 2014; Saferstein, 2015). As 

demonstrated in the literature, bovine and swine tissues, particularly liver, provide an 

adequate substrate replacement for blow fly oviposition, both in terms of chemical 

attraction to a potential source for colonization and as a nutritional supplement, on which 

the developing larvae can feed (Boonchu et al., 2003; Brundage et al., 2011; Farinha et 

al., 2014; Hwang & Turner, 2005; Weidner et al., 2015; Weidner et al., 2017). The beef 

liver for this project was thawed until soft enough to cut into pieces. The liver was then 

cut using scissors and weighed using a calibrated scale to produce 35 (±2) gram pieces. 

This weight was chosen based on Hwang & Turner’s (2005) study design, which 

demonstrated that beef liver bait weighing 30 grams or more in bottle traps are adequate 

as a chemical attractant for nearby blow flies and as an ovipositional substrate during a 

short interval-trapping period. Unlike their study, which used an additional chemical 

attractant mixture of 5 grams beef liver and 30% sodium sulphide (Na2S), it was decided 

that this extra measure was unnecessary as current research utilizing bottle traps find 

that beef liver alone acts as a sufficient bait source for blow flies (Farinha et al., 2014; 

Hwang & Turner, 2005; Weidner et al., 2015). Additionally, a 35 gram piece of beef liver 

was determined to be a good size to fit in the bottom of the trap without blocking the 

entrance, have a high enough surface area to provide sufficient moisture to decrease the 

risk of the bait drying out during collection, and offer enough room for potential 

oviposition by gravid females. After the pieces were cut, they were separately wrapped 

in saran wrap, placed in Ziploc bags, and put in a -20oC deep freeze until needed.  

4.1.4. Survey 2. Sunlit versus shaded areas 

The same three sites were used to understand the influence of light intensity (sun 

versus shade) on the species composition of necrophagous insects that attend a 

carcass. In total, 18 traps were used to examine light exposure. Traps were baited with 
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the same amount and type of beef liver (35±2 grams) as those used for the nine-month 

project. 

4.2. Experimental Procedures 

4.2.1. Trap Deployment & Collection 

A total of nine traps were used each week for the duration of this project; these 

were placed in the same locations during each trapping session over the experimental 

period. Three traps were utilized in each location (BP, SFU, and Rural (n=9)) (Fig. 4.2.), 

acting as a single sample for that environment to maximize catch numbers and recorded 

diversity. All traps were deployed on the same day for each trapping session within their 

respective environments. On the day before the traps were placed for collection each 

week, nine individual 35 gram pieces of beef liver were removed from the freezer and 

placed in the fridge overnight to allow the meat to thaw prior to being placed in the trap3. 

The bottle traps were deployed once a week for a period of 12 hours from 7-8am-7-

8pm4, with the survey proceeding over a nine-month period from March 5th to December 

2nd, 2019, accumulating a total of 40 trapping days. The winter months of January, 

February, and the majority of December were not included in this study based on the 

influence of temperature on blow fly activity and development. Blow flies will not develop 

or perform basic functions such as oviposition below their minimum threshold 

temperatures, instead entering a state of dormancy termed diapause, or dying due to the 

temperature extreme (Ames & Turner, 2003; Rivers & Dahlem, 2014). Therefore, this 

project commenced in March once snow had cleared and the temperatures increased to 

                                                
3 The beef liver must be thawed prior to its placement in the trap because it will not produce 
strong enough odors to attract necrophagous species or allow for viable oviposition to occur while 
frozen. 
4 Not all traps were left outside for a 12-hour period. Based on the knowledge that blow flies do 
not colonize after dark, traps were collected when sunset occurred during the months that had 
fewer daylight hours (i.e. shorter days). Therefore, traps were either left out for a period of 12 
hours in sunlight, or were left out until the sun had set and were then collected. All traps were 
deployed at their usual time in the mornings (i.e. were not changed due to shorter days in the fall 
months) over the duration of the project to maintain continuity in start time. 
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a stable range for blow fly survival and was stopped once the temperature had dropped 

below the minimum threshold of survival for most species5.  

 

(a) Rural 1 

 
 

Rural 2 

 
 

Rural 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
5 The exclusion of these three months may have influenced the researcher’s understanding of the 
full range of abundance and diversity for the necrophagous community present in the Metro 
Vancouver region of British Columbia. The region of study is often prone to a milder climate; so 
data may have been missed during these months that influenced the recorded species 
composition of the sampled locations. However, the trapping commenced prior to the beginning 
of the season for necrophagous Diptera activity in the region and continued until after the season 
had finished, which indicated that a robust sample had likely been obtained. 



49 

(b) BP1 

 

BP2 
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(c) SFU1 
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Figure 4.2.  Placement locations for each of the three bottle traps used at the (a) 
Rural, (b) BP, and (c) SFU6 trapping sites. Traps were hung above 
the ground to minimize risk of predator influence. 

Forty days of trapping resulted in a total of 360 deployed traps (120 per location) 

over the experimental period. Mondays were chosen as the preferred trapping day for 

each week based on the researchers’/collectors’ schedules. However, it was also 

important to ensure that the weather on the trapping day would allow blow flies to locate 

the trap. Therefore, if the weather on the scheduled trapping day was suboptimal (i.e. 

rainy, snowy, or extremely windy), the date of trapping was pushed ahead to the next 

available day during that week. On the morning of the trapping day, each bottle trap was 

baited with a 35 (±2) gram piece of thawed beef liver to act as a chemical attractant and 

ovipositional substrate for blow flies in the area. The beef liver was placed on a 

quantitatively calibrated (90mm) piece of filter paper, which acted as a base for the beef 

liver to decrease its risk of drying out and adhering to the bottom of the trap during the 

collection period. The beef liver on the filter paper was placed into the bottle trap using 

the opening door mechanism, which was then sealed closed using either Velcro® or 

Scotch® tape latches on the side. The traps were hung from a height of approximately 4 

feet above the ground (average chest level) using available structures (i.e. tree branches 

or fencing) to minimize the risk of disturbance from ground-based predators that may be 

attracted to the liver bait. The traps were not protected from larger ground predators, 

arboreal predators, or aerial predators. The traps at each location were spaced at least 6 

m apart to minimize the chance of the same individuals visiting different traps for 

oviposition if they had escaped from the original trap. All placement locations for the 

traps (i.e. where they were hung) were chosen based on their accessibility to minimize 

risk (see section 4.5.1.) to the individual who collected and deployed the traps and to 

maximize the amount of sunlight on the trap. It was important to ensure that the traps 

were placed in full sunlight if possible because blow flies are often more active within 

higher light intensity environments (Amendt et al., 2008; Lutz et al., 2019). Additionally, 

the placement of the traps in full sunlight was essential for the proper assessment of the 

light exposure-based project, which utilized the traps from Survey 1 in its analysis. The 

assessment of light reaching each trap was based on the measurement of foliage cover 

                                                
6 Only one photo was taken for the SFU site. However, all traps were hung at the same height 
along a strip of fencing, therefore the photo in Figure 4.3. is representative of the other two trap 
placements. 
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over the trap. Therefore, traps were placed in locations that had the lowest density of 

foliage overhead. 

At the time of collection, the bottle traps were removed, the entrances of the 

traps were blocked with paper towel to prevent the escape of any captured organisms, 

and the traps from the BP and SFU locations were carefully transported to the forensic 

entomology laboratory at Simon Fraser University to allow for the further analysis of all 

organisms in the traps and eggs found on the beef liver. The traps from the rural location 

were transported to the laboratory the following day. 

4.2.2. Insect Preservation & Storage 

Once the bottle traps had been transported to the forensic entomology laboratory 

at Simon Fraser University following collection day, any eggs and captured organisms 

were removed from the traps and stored until further analysis. The process involved in 

egg removal and rearing will be discussed in section 4.2.3. Once the eggs, beef liver and 

filter paper had been removed, the bottle traps containing captured organisms were re-

sealed and placed in a -20oC freezer for a period of 24 hours to ensure that all 

organisms had been killed prior to storage and identification. Following freezing, the 

bottle traps were removed from the freezer and insects within the traps were stored in 

80mL sterile vials. Insects from each trap were stored in a separate vial for analysis, 

accumulating a potential total of nine vials per week. The vials were labeled on the 

external side with the name of the trap collector, the date of collection, area of collection, 

and trap number using an archival ink pen. A piece of paper containing the same 

information was also placed inside each vial to ensure that the vials would not be mixed 

up if the outside label were to be smudged or washed off by accident. The labelled vials 

containing the captured organisms were then left to air out with the cover removed while 

the organisms thawed. This step was performed for a period of 1-2 days in an attempt to 

minimize moisture from condensation build-up and potential mould growth within the 

vials following sealing. After the air-drying had completed, the vials were capped and 

loosely sealed until further analysis. The bottle traps were washed using soap and left to 

air-dry to maintain cleanliness for the subsequent week’s trapping.  
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4.2.3. Egg Rearing 

All eggs laid in the bottle traps after the collection period were brought to the 

forensic entomology laboratory and reared to adulthood in a simulated environment 

within a fume hood7. All traps were examined for eggs. If eggs were not visible, the filter 

paper containing the beef liver was disposed of. Filter paper containing beef liver and 

eggs was removed from the bottle traps. Depending on the quantity8 of eggs present on 

the collected beef liver, eggs were reared in either small plastic containers or large glass 

jars. The containers were filled with a 3-4cm deep base layer of sawdust9 to act as an 

area for 3rd instar larvae in the wandering stage of development to burrow into prior to 

pupal formation and subsequent emergence as an adult blow fly. The sawdust was 

sprayed with water to create a moist environment for the eggs to prevent desiccation. 

The piece of filter paper containing the beef liver with the eggs was placed on top of the 

sawdust base.  A fresh piece of beef liver, approximately 35 g, was placed next to (but 

not on top of10) the beef liver with eggs to act as a supplemental source of nutrition for 

the larvae upon hatching. The jars were sealed using a double layer of paper towel11 and 

elastic bands. The outsides of the jars were labelled with the collection date, collector’s 

name, trap location, and trap number. Jars were monitored once per day. Additional liver 

was added to the jar if the previously added liver was noted to have dried out or been 

consumed by the developing larvae. Once the blowflies had wandered away from the 

meat and pupated, the excess beef liver and the filter paper were removed from the jar, 

frozen, and disposed of. Once the adult blow flies had emerged from their pupal cases, 

the jars were left in the fume hood until all specimens had died. The jars were then 

transferred to the -20oC freezer for a period of 24 hours to ensure death had occurred. 
                                                
7 Eggs were only reared from July 1st- December 2nd, 2019. Eggs that had been laid in traps prior 
to this date (March 5th- June 25th, 2019) were frozen and disposed of. This difference may have 
influenced the perceived species composition in each location during the March 5th-June 25th, 
2019 period if female blow flies escaped from the trap after laying eggs. 
8 If eggs covered the majority of the beef liver, it was considered a large quantity of eggs and a 
large glass jar was used for rearing. If eggs were only present on the beef liver in small clutches, 
a small plastic container was used for rearing. 
9 Sawdust was used for the rearing of the blow fly eggs because it acts as a substrate that mimics 
soil. In a natural environment, blow fly larvae would utilize soil in their third instar wandering form 
to act as a site for pupation, away from sunlight and potential predators. 
10 The placement of beef liver on top of fresh eggs has the potential to suffocate the eggs or 
larvae and prevent their development.  
11 Blow flies require air. By using a porous material such as paper towel, air is able to flow into the 
jar for the developing larvae. 
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The adult blow flies were then collected from the jars and stored separately (according to 

trap number) in 80mL sterile vials labelled on the external side with the collector’s name, 

the collection date, trap location and number, and an indicator word of “eggs” to denote 

that the flies had been reared12. Labels containing this information were also placed 

inside the vials. The reared flies were left to air out (without a cap) for a period of 1-2 

days to minimize condensation and risk of mold growth in the vials. Following this drying 

period, the vials were loosely sealed with the cap and were stored until further analysis. 

4.2.4. Environmental Data 

The temperature (oC), from a minimum and maximum range, in addition to 

rainfall, was monitored using historical weather data provided by two different weather 

stations13 to increase the accuracy of the data. The minimum and maximum 

temperatures for each collection date were averaged to determine the mean 

temperature, which was the value used to understand temperature influence on species 

composition over time. Using two weather databases, the nearest weather stations with 

the most data were used for each location, to provide the most reliable source of 

information for each trapping date. The National Oceanic and Atmospheric 

Administration (NOAA) provided weather data for the rural Langley-based location and 

the Simon Fraser University location. The rural Langley trapping area utilized data from 

the “Fort Langley Telegraph Trail, Canada” weather station (49.15N, -122.55W), which 

was situated at an elevation of 76 meters and provided a 93% rate of data coverage. 

The 366-metre elevation “Burnaby Simon Fraser U, Canada” weather station (49.2833N, 

-122.9167W) was used to collect weather data for the Simon Fraser University located 

traps at a data coverage of 90%. Environment Canada provided weather data for the 

urban Burnaby-based location through the CCN operated “Port Moody Glenayre” 

weather station (49o16’45’’N, 122o52’53’’W) at an elevation of 129.50 meters. These 

weather stations provided coverage of temperature and rainfall for the majority of the 

                                                
12 The label of “eggs” was used on the vials of reared eggs to ensure that they would not be 
confused with bottle trap collected adult specimens from the same collection day during the 
identification process.  
13 A single weather database was unable to be used based on data availability for each monitored 
weather station. It was imperative to use the closest available weather station to an area for the 
environmental data as it would likely provide data that most closely resembled the trapping 
location. For this reason, two weather databases were chosen to provide the climatic conditions 
of the trapping sites. 
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trapping days. However, some locations were missing coverage on certain trapping 

days14, and were, therefore, excluded from the analyses examining the effect of climatic 

conditions on species composition and catch rate. 

The coordinates and elevation at each site were documented using an iPhone 

application titled “My Altitude”, which acts as a device sensor using GPS signals to 

measure weather, barometric pressure, geographic location, and water boiling point for a 

user within a designated region. These coordinates were cross-referenced against 

Google Maps to verify their accuracy. 

4.2.5. Survey 2. Sunlit versus shaded areas 

A total of eighteen traps were used over the duration of this project, which was 

performed from July 1st-August 5th, 2019, accumulating a total of 6 trapping days and 

108 individual trap deployments. Nine traps were placed in a shaded area, while the 

other nine were placed in a sunlit area15. The shaded traps (3 per location (n=9)) were 

placed in areas that contained dense foliage16 or infrastructure to block sunlight from 

reaching the trap. The same protocols were followed for collection and deployment as 

those described in section 4.2.1. The insects collected from these traps were preserved 

and stored in the same manner described in section 4.2.2., however, the labels were 

affixed with a designator of “shade” next to the trap number and location. The eggs 

collected from these traps were also reared to adulthood in the same manner as 

described in section 4.2.3., with the designator of “shade” next to the trap number and 

location.  

                                                
14 The Rural and SFU based locations were missing weather data during some of the trapping 
periods. The full list of missing data is described in section 5.1.6. and in the Appendix. 
15 The traps placed in the sunlit area were those used in Survey 1. Since these traps were 
already placed in areas with full sunlight for purposes in Survey 1, data collected from these traps 
could be used to understand the influence of sunlight versus shade on species composition. Like 
Survey 1, each of the three sun and shade traps placed in each environment acted as a single 
sample to monitor the necrophagous community. 
16 The BP location was not dense in foliage, with few areas that received limited sunlight. For this 
reason, the traps were hung in areas that were lower than 4 feet in height. This granted potential 
access to ground-based predators. 
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4.3. Post-experimental Laboratory Analysis 

4.3.1. Specimen Identification 

Initial Identification Process 

There are many species of necrophagous insects that are known to colonize a 

body (section 2.3.3.). However, of key importance to forensic investigations are the early 

carcass colonizers, including members of several dipteran families, particularly the 

Calliphoridae (Catts & Goff, 1992). For this reason, blow fly species were the focus of 

this project and were examined in the highest level of detail in comparison with other 

species that were collected from the traps.  

The Calliphoridae are identified based on features including (but not limited to) a 

shiny, metallic abdomen, a meron with bristles, plumose arista, a non-prominent 

subscutellum, and an M wing vein with a sharp bend in the R5 cell near the wing margin 

(Jones et al., 2019). The presence of all characteristics labels a fly as a Calliphoridae. 

However, not all Calliphoridae species possess each of these characteristics, therefore it 

was necessary to exercise caution to increase the accuracy of species identification 

(Jones et al., 2019). In addition, some other Dipteran families such as the Muscidae, 

Sarcophagidae, and Tachinidae possess some of these “Calliphoridae” related 

characteristics, allowing potential misidentification of specimens (Jones et al., 2019).  

All specimen identification involved the use of a Leica EZ4 dissecting 

microscope, as the specimens were too small to identify with the naked eye. All 

organisms stored in the vials, including both the collected and reared specimens, were 

first identified to order. Order was determined using a key developed by Halford and 

Poirier (n.d.) in conjunction with information provided by Millar et al. (2000). After order 

was determined, specimens were identified as either members or non-members of the 

Calliphoridae family based on the previously described blow fly characteristics 

highlighted in a pictorial key created by Jones et al. (2019). Specimens that were noted 

to be non-Calliphoridae were further identified to family17 using order-specific 

identification keys (Bousquet, 1990; Eaton & Kaufman, 2007; Goulet & Huber, 1993; 
                                                
17 This step was not performed until after the completion of this thesis, therefore identification of 
non-Calliphoridae organisms was only narrowed down to order for the purposes of the analyzed 
results.  
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McAlpine et al., 1981; McAlpine et al., 1987; McAlpine & Wood, 1989). Adult 

Calliphoridae were then identified to species18 using the same identification key titled 

“Blow flies of North America: keys to the subfamilies and genera of Calliphoridae, and to 

the species of the subfamilies Calliphorinae, Luciliinae, and Chrysomyinae” (Jones et al., 

2019). Some specimens demonstrated mould growth as a result of condensation build-

up in their stored vial (Fig. 4.3.). After the specimens of the contaminated vial had been 

identified, the vial was filled with 95% ethanol to preserve the insects and prevent further 

mould growth. Following identification, non-Calliphoridae specimens were returned to 

their vials and stored until further analysis. Calliphoridae specimens were further 

analyzed to determine sex and gravidity (refer to section 4.3.3.). 

 
Figure 4.3.  Unidentified mould growth observed in the sterile vials used to store 

trapped and reared specimens 

Crosscheck, confirmation, & continued identification of specimens 

It was important to ensure the accuracy of specimen identification for this project 

as the misidentification of a species had the ability to significantly impact the perceived 

results of species composition following analysis. To determine if misidentification was a 

possibility, the primary researcher and external identifiers performed crosschecks of 

identified specimens to establish accuracy and error rate. A random sample of 
                                                
18 Specimens identified to be within the genus Pollenia were not identified to species by the 
primary researcher. Specimens were identified to genus because the key created by Jones et al. 
(2019) did not identify flies further than this classification level.  



57 

approximately 50 specimens was re-identified by the primary researcher following the 

initial protocol to determine if species were identified in the same manner. Therefore, 

even if the specimen ended up being identified incorrectly following the assessment by 

the external identifier, this demonstrated that the primary researcher was consistent in 

their identification process. A subsample of Calliphoridae specimens was sent to Terry 

Whitworth, a Calliphoridae expert located in Seattle, Washington. Where possible, 20 

samples of each identified Calliphoridae species were provided. For rare species, all 

available individuals were sent for confirmation of identification19. A subsample of non-

Calliphoridae specimens was sent to the Canadian National Collection (CNC) of Insects, 

Arachnids, and Nematodes for identification to species following correspondence with 

Owen Lonsdale20. Non-Calliphoridae specimens were only identified to family by the 

primary researcher, as many insects, particularly non-Calliphoridae Diptera, are difficult 

to accurately identify to species by an individual that is not a qualified expert in insect 

identification. 

4.3.2. Insect Pinning 

Prior to the shipment of Calliphoridae and non-Calliphoridae subsamples for 

confirmatory species identification by external identifiers (refer to section 4.3.1.), the 

chosen specimens had to be properly pinned and stored in an insect collection box (Fig. 

4.4.). Preceding the pinning process, all specimens had been stored in vials for an 

extended period of time. This method of storage resulted in the stiffening of specimens 

as a result of a dry environment. Therefore, to prevent breakage during the pinning 

process, all chosen21 specimens had to be placed in a relaxing chamber (following 

                                                
19 Not all identified species could be sent for identification. Some specimens had either broken in 
pieces (following dissection or handling) or had been preserved in ethanol as a result of mould 
growth in the vial, making them unable to be further identified. These specimen identifications had 
to be used in the analysis without further crosscheck or confirmation from a more qualified 
identifier. 
20 Initially, this identification process was supposed to occur prior to the completion of this project. 
However, as a result of the COVID-19 pandemic, the CNC was temporarily closed and the 
identification could not be performed until after project completion.  
21 Chosen specimens to be pinned for each Calliphoridae species were taken from both the trap-
collected and reared vials. Chosen specimens to be pinned for the non-Calliphoridae species 
were taken from the trap-collected vials. Specimens were chosen based upon their appearance. 
Specimens were preferentially chosen based on the presence of all body parts, minimal staining 
from the exudation of body liquids during storage, and the absence of mould growth. Specimens 
that were dissected (as described in section 4.3.3.) were not chosen for pinning. 
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standard entomological technique) (Fig. 4.5.) to increase flexibility of the body segments 

for manipulation. Insects were properly pinned or pointed following standard 

entomological protocols outlined by Huber (1998), and sent to the external examiners. 

 

(a) 

 

 

(b) 

 

 

Figure 4.4.  Documentation of the pinning process used prior to the shipment of 
samples to external examiners for species identification 
confirmation , including (a) the relaxing chamber used for the 
manipulation of specimens that had dried out during storage and (b) 
storage of the pinned and labelled specimens ready for shipment 

4.3.3. Sex Determination & Assessment of Gravidity 

Calliphoridae Sex Determination 

All Calliphoridae specimens, including both those collected from the field and 

reared individuals, were sexed to determine whether they were male or female. Non-

Calliphoridae specimens were not sexed. Specimens were sexed using two methods: 

distance between the eyes and examination of the genitalia. The easiest and quickest 

way to identify Calliphoridae is through examination of the distance between their eyes, 

which is based on the width of their frons and fronto-orbital plates (Jones et al., 2019). 
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Female Calliphoridae are often22 demonstrated to possess an easily recognizable larger 

width between their eyes in comparison to their male counterparts of the same species. 

Using this knowledge, specimens with a wide gap between their eyes were labelled as 

females, while individuals with a small, sometimes non-existent gap between their eyes 

were classified as male. Since the difference between male and female in some species 

was more difficult to accurately determine using this method, the sex of specimens was 

also checked through the examination of genitalia on the end of their abdomen using the 

key provided by Jones et al. (2019). A full extension of the genitalia was not necessary 

in most cases, as external examination of the genitalia opening presented differences 

between sexes. Female blow flies had a more pointed end to the abdomen with a 

protruding ovipositor, while male blow flies possessed a more rounded genital opening, 

and genitalia that curled inwards. Male Calliphoridae were returned to their respective 

vials, and females were further analyzed to determine gravidity. 

Assessment of Calliphoridae Female Gravidity 

Following sexing, trapped adult Calliphoridae females were dissected to 

determine gravidity at the time of capture based on the presence of eggs in the 

abdominal cavity23. Non-Calliphoridae adult females and reared adult females were not 

dissected. To begin the dissection a central-based cut was made using dissecting 

scissors from the end of the abdomen24 to near the beginning of the abdomen, without 

separating the abdomen from the thorax. The abdomen was then carefully opened using 

fine tipped forceps by pulling each cut flap to its respective side, exposing the interior. 

The inside of the abdomen was examined for the presence of eggs, which were 

identified as either reddish-brown or cream coloured small, oblong structures. The 
                                                
22 This rule does not apply to all species, and differs within a species. While it remains true for the 
majority of Calliphoridae specimens, some species demonstrate differences in how their eye gap 
reflects their sex. For example, C.vicina possesses a clearly recognizable distinction between 
males and females through their eye gap, while C.latifrons is much more subtle, with males 
possessing a larger eye gap compared to other males of different Calliphoridae species (Jones et 
al., 2019). However, within this species (C.latifrons) females still demonstrate a wider gap 
between the eyes (Jones et al., 2019). 
23  The dissection process was recorded as a video to demonstrate the dissection process with 
easy to follow instructions for future researchers and entomologists. It was noted by the primary 
researcher that minimal information was provided in previous studies on how gravidity was 
determined in female blow flies; therefore, this type of video is an important addition to the 
literature for methodological purposes. 
24 The center-located cut began near the genitalia but did not cut directly through the genitalia to 
preserve the structure in case further analysis was needed. 
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presence of any eggs in the abdominal cavity labelled the blow flies as gravid females. 

Females without eggs were labelled as non-gravid and were noted to possess an 

abdominal cavity that was dry and barren of any eggs or contained a liquid content that 

exuded upon opening. Blow flies were returned to their respective vials following 

dissection.  

4.3.4. Survey 2. Sunlit versus shaded areas 

All procedures were followed as described in sections 4.3.1., 4.3.2., and 4.3.3. to 

properly identify, sex, and determine the gravidity of appropriate specimens. No extra 

measures were taken for specimens collected or reared from this project. 

4.4. Statistical Data Analysis 

A quantitative analysis of the collected data was performed to understand the 

impact of seasonal variation, geographic variation, and environmental variables on 

necrophagous community composition during early carcass colonization. All statistical 

analyses were carried out using IBM SPSS Statistics Version 24 software. Descriptive 

statistics were performed for each variable to understand the distribution and to 

determine normality. Next, appropriate bivariate analyses were run to determine if 

significant relationships occurred between any of the tested variables. The effect size of 

any significant relationships was measured to establish the potential importance of these 

connected variables and post hoc tests25 were performed to understand what 

components of the variables produced the significant result.  

Variable Coding 

To run statistical tests in SPSS, the majority of variables had to be recoded. The 

operationalization of these variables into numerical entities can be located in the 

appendix (Tables A 1.1. and A 1.2.). 

                                                
25 For significant p-values obtained in chi-square analyses, adjusted standardized residuals were 
measured to determine z-scores and Bonferroni’s correction was applied to obtain an adjusted p-
value to account for Type I error. For one-way ANOVAs, a Tukey’s test was performed, while 
pairwise comparisons were used for Kruskal-Wallis. 
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4.5. Field Safety, Ethics, and Animal Care Protocol 

4.5.1. Field activity plan and safety guidelines 

All projects that are conducted in a location external to the university are 

classified as field activities and require a field activity plan to provide safety guidelines 

for researchers26 involved in data collection. Under this regulation, the SFU-based 

location did not require a field safety plan, however the Rural and Birkdale Place 

trapping locations did. Therefore, an SFU field activities plan27 was conducted 

retroactively to determine the level of risk associated with trap deployment and collection 

within each location. Following assessment, all activities associated with field-based 

operations were determined to be low risk. After completion and approval, this plan was 

given to all researchers involved in the deployment and collection of bottle traps, 

highlighting preventative measures that could be taken to avoid injury while in the field. 

The SFU forensic entomology laboratory provided any required personal protective 

equipment (PPE) to ensure safe field practice. Waivers, assumption of risk forms, and 

first aid certificates were not a necessary step to be completed by data collectors due to 

the low risk nature of the field activity.  

4.5.2. Exemption from Ethics Approval and the Animal Care Protocol 

This research project examined blow flies, which constitute a group of 

invertebrates and did not utilize or produce any information pertaining to human 

subjects. Therefore, in accordance with Simon Fraser University Policy R20.01 and the 

Tri-Council Policy Statement (TCPS2): Ethical Conduct for Research Involving Humans, 

it was determined that this project did not require a statement of ethics approval by the 

SFU Research Ethics Board (REB) prior to the commencement of this project.  

This project involved the handling, rearing, and killing of live blow fly specimens. 

For this reason, a retroactive inquiry regarding the requirement of an Animal Care 

Protocol Approval Form was made to the University Animal Care Committee (UACC). 

                                                
26 This project involved two data collectors in the field: the primary researcher, who performed the 
SFU and Birkdale Place data collection and Dr. Gail Anderson, who performed the Rural data 
collection. 
27 The field activity plan was completed following correspondence with Shannon Wood, the 
Laboratory Manager and Collections Curator for the Archeology department at SFU. 
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The SFU UACC indicated that invertebrate research subjects do not require approval 

prior to the commencement of a project and in response a waiver for animal care 

requirements was provided to act as an exemption to the Animal Care Protocol. 
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Chapter 5.  
 
Results 

This project was divided into two surveys to examine the impact of different 

environmental variables on the necrophagous species composition of a region, with a 

specific interest in Calliphoridae species. For this reason, the results will be discussed in 

separate sections: (5.1) the impact of geographic and seasonal variation on 

necrophagous species composition over a nine-month period and (5.2) the influence of 

light exposure on necrophagous species composition over a six-week period.  

5.1. Results of Survey 1: analysis of geographic variation, 
seasonal variation, captured versus reared populations, sex 
ratios, reproductive range, and the effect of temperature in 
necrophagous community composition 

The normality of each variable was assessed to determine if nonparametric or 

parametric tests should be used to assess relationships between variables. An analysis 

of the values for skewness and kurtosis28 indicated that all variables, with the exception 

of precipitation, fell within the acceptable range (-2 to 2) of normality (refer to Appendix 

Table A 1.3.). Additionally, bivariate analyses were conducted between the variables of 

trap number and species ID to determine whether the observed species composition 

from the three traps placed in a single location differed. With the exception of a 

statistically non-significant Chi-square test (X2=35.877, df=32, p=0.292) between trap 

number and species ID at the BP location, all bivariate analyses revealed statistically 

significant (p<0.05) results, indicating that differences in species composition were 

observed between some of the traps from the same location in the SFU and Rural 

locations over the duration of the project (refer to Appendix Table A 1.4.). For the 

purposes of this project, the three traps from each location were compiled as a single 

                                                
28 Skewness and kurtosis are statistical measures that respectively analyze symmetry and 
tailedness of a set of data to determine if the distribution is normal.  Variables with skewness and 
kurtosis values within the range of -2 to 2 are considered to have a normal distribution, and 
therefore use parametric statistical tests. Variables that have skewness or kurtosis values that 
exceed this range are considered to be not normal and require the use of non-parametric tests or 
a change in the measured variable to create a normal distribution. 
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sample to allow for the discussion of each location as a whole unit using the collected 

data29. However, it was noted that the pooling of these data might have produced an 

exaggerated effect when analyzing differences between trapping locations due to 

microsite conditions, which will be discussed further in section 6.8. Within each section, 

the relevant descriptive statistics and appropriate bivariate analyses will be highlighted, 

with a focus on Calliphoridae specimens. The results are broken down into key 

subsections, which include (5.1.1.) general trends, (5.1.2.) the effect of seasonal 

variation on species composition, (5.1.3.) the effect of geographic variation on species 

composition, (5.1.4.) captured versus reared specimens, (5.1.5.) sex ratios, (5.1.6.) 

gravidity ranges, and (5.1.7.) the influence of temperature and precipitation.  

5.1.1. General Trends 

A total of 1334 specimens (n=1334) were collected from all deployed bottle traps 

over the duration of Survey 1. A large range of diversity was found, including 22 taxa 

(Table 5.1.). Two arthropod classes, Arachnida and Insecta, and five distinct insect 

orders, Coleoptera, Diptera, Hemiptera, Hymenoptera30, and Lepidoptera, were 

identified. The Diptera represented most of the dominant species31 at 77.4% (n=1033), 

followed by Hymenoptera at 22.1% (n=295). Coleoptera (0.2% (n=3)), Hemiptera (0.1% 

(n=1)), Lepidoptera (0.1% (n=1)), and arachnids (0.1% (n=1)) were rarely collected 

within the project.  

 

 

                                                
29 While significant differences were observed between traps at the same location, the distance 
between these traps was minimal (6 m), which indicated that the difference in species 
composition observed between the traps might have been due to chance. In addition, the 
significant result may have arisen as an exaggerated effect produced by the low catch number 
obtained from each trap over time. Therefore, while it was important to note these differences 
between traps, it was also important to pool the data from the three traps in each location to 
observe differences in species composition across the three tested environments. 
30 For the context of this project, Hymenoptera refers to wasp species, largely represented by 
yellow jackets and hornets. Other members of the order Hymenoptera (bees, ants and sawflies, 
and parasitic hymenopterans) were not collected. 
31 In the context of this project, dominant species represent groups that contain greater than 20 
specimens. 
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Table 5.1. Total species composition of trapped adult specimens collected from all 
three trapping locations over the duration of Survey 1, March-
December 2019 

Specimen ID Frequency of Collection (n)  Proportion of the Total 
Population (%) 

Angioneura spp. 2 0.1 
Calliphora latifrons 142 10.6 
Calliphora livida 1 0.1 
Calliphora montana 1 0.1 
Calliphora terraenovae 3 0.2 
Calliphora vicina 252 18.9 
Calliphora vomitoria 6 0.4 
Calliphoridae spp. 6 0.4 
Cynomya cadaverina 18 1.3 
Lucilia illustris 85 6.4 
Lucilia sericata 176 13.2 
Lucilia silvarum 1 0.1 
Lucilia spp. 20 1.5 
Phormia regina 1 0.1 
Pollenia spp. 6 0.4 
Protophormia terraenovae 1 0.1 
Non-Calliphoridae Diptera 312 23.4 
Arachnida 1 0.1 
Coleoptera 3 0.2 
Hemiptera 1 0.1 
Hymenoptera 295 22.1 
Lepidoptera 1 0.1 
Total 1334 100 

 

Of the 1033 collected Dipteran specimens, 69.8% (n=721) were Calliphoridae, 

while the rest (30.2%) were non-Calliphoridae Diptera32 (n=312). A total of 16 identifiable 

groups were used to document Calliphoridae specimens, representing 14 unique 

species33. Of the identified Calliphoridae (Fig. 5.1.), most were C. vicina (34.95% 

(n=252)), L. sericata (24.41% (n=176)), C. latifrons (19.69% (n=142)), and L. illustris 

(11.79% (n=85)). All other species represented rare cases and together formed 9.15% of 

all collected Calliphoridae specimens.  

                                                
32 As mentioned in section 4.3.1., Diptera are difficult to accurately identify to species by a non-
expert. Therefore, to maintain accuracy within the project, organisms were sent to the CNC for 
further identification. For the purposes of this project, dipterans that are not members of the family 
Calliphoridae are simply referenced as “non-Calliphoridae Diptera”.  
33 Some identifiable groups were not narrowed down to species level (e.g. Lucilia spp.) based on 
the level of damage to a specimen, which limited its ability to be accurately identified. Therefore, 
16 groups were formed to identify a total of 14 Calliphoridae species. 
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Figure 5.1. All adult Calliphoridae specimens collected in all three trapping 
locations over the duration of Survey 1, March-December 2019, 
highlighting dominant species  

The “Other” category includes all Calliphoridae identified groups other than the four dominant 
species illustrated in the above diagram. A full list of the groups can be found in Table. 5.1. 

5.1.2. Analysis of Necrophagous Community Composition Over Time 

General Observations 

Between March 5th and December 2nd, 2019, a total of 40 trapping days collected 

1334 specimens. Of these 40 trapping days, only 35 resulted in the collection of 

specimens from the bottle traps, which established a range of insect activity from March 

18th to November 19th, 2019. This range for necrophagous species will be discussed 

further in section 5.1.7. to understand the implications of temperature in the production 
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of this identified active period. An analysis of the total species captured from all deployed 

traps revealed distinct abundances over time (Fig. 5.2.). 
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Figure 5.2. Differential frequencies of adult specimen collection from all taxa 
across monthly intervals (a) from a combination of the three 
trapping locations and (b) between the three trapping locations 

Figure 5.2. nicely highlights the transition between seasons, producing distinct 

differences in specimen abundance as time progresses. As the months shifted from 

March to June (winter and spring seasons), a distinctive escalation in the abundance of 

collected species was seen within all trapping locations, with the greatest overall 

abundance being achieved in the summer month of August (n=334). Following the peak, 

a sharp decline was observed once the fall season commenced at the end of 

September, with a noticeable difference in the frequency of specimen collection for the 

remaining trapping months of October (n=96) and November (n=33). When observing 

these shifts in abundance between the sampled locations, the same bell curve pattern is 

seen through all three trapping sites, however they occur at different points in time. The 

BP site began its escalation in capture rate in July, peaking in the same month, while the 

SFU site and the Rural site took longer to begin accumulating higher catch rates, starting 

in July and subsequently peaking in August. Additionally, in comparison to the BP and 

SFU sites that gradually shift in capture rate over time, a spike occurred in the rural 

location in July, reaching a noticeably large peak (n=217) in the month of August. These 

results indicate that, while all locations are influenced by seasonal variation, rural 

species may be affected to a greater degree depending on how quickly the shift between 

seasons (i.e. environmental temperatures) occurs at each location.  

A chi-square test34 was performed to observe the change in species composition 

over time using pooled data of the three traps at each location. This test showed a 

statistically significant relationship (X2=755.299, df=168, p=0.000), indicating that 

species composition shifted over time, with differential proportions of species 

contributing to the overall abundance collected within each month. Using Cramer’s V35, 

the strength of the relationship was noted to be 0.266. This value indicated that the 

relationship between the variables of month and species ID was of small to medium 

importance. Post hoc tests indicated that this result was produced by statically significant 

                                                
34 Independent observations were assumed and the variables were normally distributed. 
However, the assumption of no cell under 5 expected observations was violated twice in the SFU 
trapping location in the months of March and April and once in the BP location in November. 
35 Cramer’s V was chosen to illustrate the strength of the relationship as both variables were 
categorical with 3+ categories, making this the appropriate measure of association to use. 
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(p<0.000252) changes in abundance of C. latifrons, C. terraenovae, C. vicina, C. 

vomitoria, Hymenoptera, L. illustris, L. sericata, Non-Calliphoridae Diptera, and Pollenia 

spp. over time. Analysis of these data at each separate trapping location also revealed 

significant (p<0.05) differences, indicating that species composition shifted within each 

respective environment over time. Within the Rural location, post hoc tests revealed 

significant (p<0.000370) differences in the proportional abundance of C. latifrons, C. 

vicina, C. vomitoria, L. sericata, Non-Calliphoridae Diptera, and Pollenia spp over time. 

Significant (p<0.000326) differences in the BP location were observed to occur as a 

result of shifting proportional abundances of C. cadaverina, C. latifrons, C. terraenovae, 

C. vicina, C. vomitoria, Hymenoptera, L. illustris, L. sericata, and Non-Calliphoridae 

Diptera over the nine-month period. Finally, post hoc tests in the SFU location revealed 

significant (p<0.000396) differences over time in the proportional abundance of C. 

terraenovae and Hymenoptera. Overall, these results indicated that the null hypothesis 

should be rejected, as it demonstrated that species have preferential periods of activity 

over an annual period, which creates unique species compositions within different 

seasons.  

The Shannon-Weiner Diversity Index36 (H) (Table 5.2.) was calculated to 

understand the diversity and evenness of species over time. Richness was 

demonstrated to be highest in the month of May (S37=12) and lowest in March (S=4). 

Results obtained from this equation demonstrated the highest evenness score 

(EH=0.819) in October and the lowest in May (EH=0.671). These findings indicate that 

abundance was fairly even across species collected in October, compared with the 

month of May, where the evenness score was lower, indicating that certain species may 

have been collected in higher abundance than others. However, all months 

demonstrated a fairly high evenness score, indicating that recorded abundance over 

time was not represented by a single dominant species, but rather represented multiple 

species within the environment. 

                                                
36 The Shannon-Weiner Diversity Index examines the abundance of individuals (n) collected from 
a species and compares this value against the richness within an environment to determine the 
evenness of a population. Evenness (EH) is measured on a scale from 0-1, with a value of 1 
representing complete evenness of species’ abundance within a population. 
37 S= species 
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Table 5.2.  Measument of diversity and evenness of the necrophagous 
population over time in Survey 1 using the Shannon-Weiner 
Diversity Index 

Month Shannon-Weiner 
Diversity Index (H) 

Maximum Diversity 
(Hmax) 

Evenness/Shannon 
Equitability Index (EH) 

March 0.953 1.386 0.687 
April 1.608 2.079 0.773 
May 1.668 2.484 0.671 
June 1.707 2.302 0.741 
July 1.789 2.197 0.814 
August 1.733 2.397 0.722 
September 1.767 2.302 0.767 
October 1.965 2.397 0.819 
November 1.263 1.609 0.784 

H = -Σ [ (pi) x ln(pi) ]  Hmax= ln(S)  EH= H/Hmax  

The Effect of Seasonal Variation at the Specimen Level 

Dominant Calliphoridae, C. vicina, C. latifrons, L. illustris, and L. sericata, 

demonstrated observable shifts in abundance over time (Fig. 5.3.). Calliphora latifrons 

had the highest catch rate on the May 27th collection date, with post hoc testing 

revealing that the species generated a significant proportion of the collected abundance 

for the month, however, a bimodal curve was observed with peak capture levels 

occurring in June (n=31) and September (n=27). When observing changes in abundance 

of C. latifrons between sites over time, a trend was observed, with peak collection 

occurring in different months depending on trapping location. Similar results to C. 

latifrons were observed in the C. vicina population in terms of highest collection date 

catch rate (May 27th) and overall peak capture levels in June (n=55) and September 

(n=51)). Peak populations at the trapping sites occurred in different months, with June 

representing the highest abundance for BP and SFU sites and September for the Rural 

site. Calliphora vomitoria represented a rarely collected species (n=6) within the 

collection, however the collected specimens were analyzed within this section because 

they are an important forensic indicator species and demonstrated an interesting trend 

over time. Calliphora vomitoria was only captured in the spring (April & May) and fall 

months (September & October) over the duration of this project, indicating a potential 

preference for cooler climates. Similar to C. vomitoria, C. cadaverina also represented a 

small proportion (n=18) of the captured population and showed skewed capture rates 
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towards the fall months with a peak in September. The hymenopteran38 population 

(n=295) (largely consisting of yellow jackets and hornets) was represented during the 

majority of the collection period and showed a typical bell curve distribution with elevated 

capture occurring in the summer months. Hymenopteran capture peaked (n=118) in 

August. The same trend was observed in the L. illustris (n=85) and L. sericata (n=176) 

populations, with increased capture occurring in summer, peaking in August. Non-

Calliphoridae Diptera (n=312) were captured in all collection months, presenting a 

bimodal curve similar to the C. latifrons population, however peaks were observed in 

July and September, with a sharp spike in collection (n=48) on September 18th. Like C. 

vomitoria, the Pollenia spp. population represented a minority group (n=6), but were 

evaluated due to the unique observed capture period. Pollenia specimens were only 

collected during the spring months from March to May and were not observed for the 

remainder of the project, highlighting a niche range of activity within the annual period. 

                                                
38 Large, predatory wasps, such as those in the family Vespidae, represented the hymenopteran 
population in this project. The collection did not include any parasitoid wasps. 
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Figure 5.3.  Abundance of adult necrophagous populations of interest over time 
in Survey 1 (a) at the three trapping sites and (b) between the three 
trapping sites 

5.1.3. Analysis of Geographic Location and Elevational Effects on 
Necrophagous Community Composition 

General Observations 

The influence of geographic variation and elevation are analyzed within this 

section as a single variable because each elevation correlates to a specific habitat for 

the purposes of this study39. Out of the 1334 specimens collected, more than half (52.2% 

(n=697)) were recorded at the Rural location. The remaining specimens were closely 

divided between the BP (27% (n=360)) and SFU (20.8% (n=277)) sites. These results 

indicate that the rural location contained a higher density of necrophagous species in 

comparison with the more urban located BP and SFU sites. Analysis of these results 

from an elevational perspective presented an inverse relationship, with the lowest 

elevation environment (Rural) having the highest abundance of specimens collected 

over time and the highest elevation environment (SFU) having the lowest capture rate of 

specimens from deployed traps. 

The three locations40 used as trapping sites had distinct species compositions 

(Table 5.3.) with differing dominant species that shifted over time. A chi-square test 

between location and species ID demonstrated a statistically significant relationship 

(X2=281.351, df=42, p=0.000) between the two variables, indicating that the overall 

species composition41 of at least two of the trapping locations differed. A Cramer’s V 

                                                
39 To properly assess the effect of elevation on species composition, different elevational sites for 
a particular habitat (e.g. rural) would need to be assessed. Therefore, this poses a limitation to 
this study, as it cannot be confirmed whether the differences in species composition between 
sites is a result of elevation or of habitat. This limitation will be discussed further in section 6.9. 
40 While three separate trapping locations were used in this project, it is important to note that 
both the SFU and BP sites were located in the same general area (the city of Burnaby). 
Therefore, while each site presented a distinct location, comparisons between the SFU and BP 
sites were expected to be more similar in necrophagous species composition than comparison to 
the rural site. The distance between the BP and SFU sites may have influenced the results of this 
study in this manner. 
41 The distribution of each majority species (constituting at least 50 specimens of the total 
collection) or species of interest will be discussed in relation to their collected abundance in each 
trapping location to understand habitat preferences. Identifiable groups that accumulated fewer 
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value of 0.325 demonstrated that the relationship between these variables is weak to 

moderate. Post hoc tests revealed significant (p<0.000757) differences in the 

abundance of C. latifrons, C. vicina, Hymenoptera, L. illustris, L. sericata, and Non-

Calliphoridae Diptera between the trapping locations relative to the overall collected 

abundance from each site. This result indicated that species may have specific habitat 

preferences. 

Table 5.3. Frequencies of collected adult specimens within the three trapping 
locations in Survey 1, March-December, 2019 

Species ID Rural (90m) BP (103m) SFU (330m) Total 
Angioneura spp. 1 1 0 2 
Calliphora latifrons 41 47 54 142 
Calliphora livida 0 1 0 1 
Calliphora montana 1 0 0 1 
Calliphora terraenovae 0 1 2 3 
Calliphora vicina 96 81 75 252 
Calliphora vomitoria 2 2 2 6 
Calliphoridae spp. 4 1 1 6 
Cynomya cadaverina 5 4 9 18 
Lucilia illustris 70 14 1 85 
Lucilia sericata 150 19 7 176 
Lucilia silvarum 1 0 0 1 
Lucilia spp. 16 3 1 20 
Phormia regina 1 0 0 1 
Pollenia spp. 4 2 0 6 
Protophormia terraenovae 0 1 0 1 
Non-Calliphoridae Diptera 204 73 35 312 
Arachnida 0 1 0 1 
Coleoptera 0 2 1 3 
Hemiptera 0 0 1 1 
Hymenoptera 101 107 87 295 
Lepidoptera 0 0 1 1 
Total 697 360 277 1334 

 

The Shannon-Weiner Diversity Index (H) (Table 5.4.) was calculated to 

understand the diversity and evenness of species collected within the three trapping 

locations. The BP trapping location achieved the greatest species richness (S=17) over 

the duration of the project, while the SFU trapping location accumulated the least 

(S=14). An examination of the evenness scores between the sites indicated that the 

Rural trapping location had the most even abundance (EH=0.690) of species over time, 
                                                                                                                                            
than 5 specimens will not be discussed, as their collection is too few in number to identify a data 
trend. 
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while the SFU trapping location had a more uneven distribution of species’ abundance 

(EH=0.640). While these values are close, the results indicate that the SFU-based 

location had species that exhibited higher abundances within the total collected 

population in comparison to the Rural location. Overall, calculated EH values were high 

on the evenness scale, indicating that in all trapping locations it is unlikely that a single 

species accounted for the majority of recorded abundance over time. However, the 

values also indicate that there may have been a few different majority species within 

each location that accrued a higher abundance than predicted for an evenness value of 

1, thus causing a lower EH score to be calculated. 

Table 5.4. Measurement of diversity and evenness of the necrophagous 
population in the three trapping locations in Survey 1 using the 
Shannon-Weiner Diversity Index 

Location Shannon-Weiner 
Diversity Index (H) 

Maximum Diversity 
(Hmax) 

Evenness/Shannon 
Equitability Index (EH) 

All Trapping 
Locations 

1.940 3.091 0.627 

Rural 1.871 2.708 0.690 
BP 1.837 2.833 0.648 
SFU 1.691 2.639 0.640 

H = -Σ [ (pi) x ln(pi) ]  Hmax= ln(S)  EH= H/Hmax  

Rural Trapping Location 

Within the Rural location, a total of 697 specimens were collected from 15 

identified groups. Of these specimens, the overall dominant group was identified as non-

Calliphoridae Diptera (n=204), which represented 29.3% of the collection in this location, 

while the dominant Calliphoridae species was L. sericata, accumulating a collected total 

of 150 specimens (21.5%) over the duration of the project. Lucilia (L. sericata and L. 

illustris), Pollenia and non-Calliphoridae dipteran species thrived in the Rural location, 

exhibiting much higher collected densities (n=150, n=70, n=4 and n=204 respectively) 

than their combined totals from the other two trapping locations, with frequencies 

exhibiting an inverse relationship to elevation. These results indicated that Lucilia, 

Pollenia, and non-Calliphoridae dipteran species might have a preference for rural 

habitats or lower elevations, a result which was supported by the post hoc testing (with 

the exception of Pollenia spp. due to its small sample size). While C. vicina was 

collected in high abundance at all locations, the largest proportion (38.1% (n=96)) of the 

species was captured at the rural location, with decreasing frequencies recorded as 
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elevation increased. While this trend may support the notion that C. vicina prefers more 

rural or lower elevation environments, post hoc testing revealed that C. vicina actually 

accrued a higher percentage in the overall abundance at the BP and SFU locations, 

indicating that it is more likely encountered in urban or higher elevation environments. 

Calliphora vomitoria was collected in equal abundance at all trapping locations, 

indicating no habitat preference42. 

Birkdale Place (BP) Trapping Location 

Three hundred and sixty specimens were collected from a total of 17 identifiable 

groups in the BP location. The dominant group, representing 29.7% of the collected 

population over time, was the Hymenoptera (n=107). At 22.5% of the BP collected total, 

C. vicina (n=81) was the dominant Calliphoridae species at this location. Hymenoptera 

were collected in high densities in all locations, with the greatest proportion (36.3% 

(n=107)) captured in the BP location. It is unknown from these results whether 

Hymenoptera prefer a specific habitat type (urban versus rural), as lifestyle preferences 

are often established at a lower taxonomic level. 

Simon Fraser University (SFU) Trapping Location. 

The SFU trapping location yielded 277 specimens in 14 different groups. Similar 

to the BP location, the Hymenoptera (n=87) were the dominant group at 31.4% of the 

total, while C. vicina (n=75) was the dominant Calliphoridae species, representing 27.1% 

of the collected SFU abundance over time. The majority of the C. latifrons collected 

(38% (n=54)) was obtained from the SFU trapping location (with the highest proportion 

relative to the total collected abundance at the site), with abundance decreasing along 

an elevational gradient between the three sites. These results indicate that C. latifrons 

may prefer more urban-based or higher elevation environments. However, the 

differential abundance collected between the locations was minimal and may not have 

been influenced by location or elevation. Cynomya cadaverina was collected in the 

highest abundance (n=9) at this location, but showed no preference between urban and 

rural sites following post hoc testing. However, this abundance may indicate a 

                                                
42 The collected frequency (n=6) for this species was quite low, therefore a pattern suggesting 
habitat preference was unable to be discerned in this study. 
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preference for higher elevation locations rather than a distinct habitat type, which was 

not validated in the post hoc testing due to a small sample size. 

5.1.4. Captured versus Reared Specimens- Differences in Species 
Composition  

In addition to the captured adult specimens, eggs that were laid during the 

trapping interval were also reared to adulthood and identified. This step was performed 

to determine if noticeable differences in species composition occurred during a trapping 

period, which would be indicative of escape from the traps following oviposition. Over the 

duration of the project, a total of 5,218 flies were reared to adulthood, consisting of five 

identifiable43 species (Table 5.5.). The identification of specimens did not provide new 

species to the collection, as they had already been captured as adults in the bottle traps, 

but revealed a higher likelihood of C. vicina (38.23%) and L. sericata (32.27%) 

oviposition in the bottle traps compared with other Calliphoridae species. 

Table 5.5.  Reared Diptera species collected as eggs on the bovine liver placed 
in the bottle traps used at the three trapping locations in Survey 1, 
July-December, 2019 

Species Number Reared from Traps (%) 
Calliphora latifrons 847 (16.23%) 
Calliphora vicina 1,995 (38.23%) 
Cynomya cadaverina 53 (1.02%) 
Lucilia illustris 624 (11.96%) 
Lucilia sericata 1,684 (32.27%) 
Unknown 15 (0.29%) 
Total 5,218 (100%) 
Unknown specimens refer to all flies that were unable to be identified to species 

When analyzing the eggs that were laid during a trapping interval compared with 

the identified female blow flies within a given trap44 (Table 5.6.), noticeable differences 

                                                
43 Some specimens were teneral (underdeveloped) at the time of freezing and were not able to be 
identified to species by the primary researcher. These specimens were labeled as unknown. 
44 A total of 110 reared groups were defined based on the species captured within a specific trap 
during a trapping interval. For example, Calliphora latifrons adults reared from a trap on July 1st, 
2019 with the designator Rural 2 Shade acted as a singular group. This method was applied to 
allow for the calculation of escape rates of female blow flies based on the identified species that 
were reared from the eggs compared to females captured in the traps. If reared blow flies of a 
specific species were identified within a particular trap on a trapping day, but a female blow fly of 
the same species had not been collected during that period, it indicated that the female had 
escaped following oviposition. 
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were observed on certain trapping days. Analysis of these data revealed a high rate of 

escape for all species (35.45%) in the examined specimens, with the highest rates of 

escape found in C. latifrons (60.00%) and C. cadaverina (66.66%) populations. These 

results indicated that the bottle trap design did not provide a foolproof method for 

capturing necrophagous species, which produced a lower perceived abundance of 

specimens during the collection period of this project. This method of determining 

escape rate was specific to the blow flies that laid eggs in the traps, could not determine 

the rate of escape of male blow flies or how many female blow flies of an identified 

species escaped, and did not provide information on the escape of blow flies in the traps 

earlier than July 1st, 2019. Therefore, the rate of escape may have been higher than 

calculated with the available data. Additionally, the numbers of captured hymenopterans 

in the traps were quite high (discussed further in section 6.6.), which may have resulted 

in the consumption of female blow flies in the bottle traps. The consumption of these 

blow flies by predators in the traps may have increased the calculated rate of escape 

based on their perceived absence in a trap upon collection. Overall, these results 

demonstrated that female blow flies were capable of escaping from the bottle traps 

following oviposition, indicating that better trap designs are needed to accurately 

measure the abundance of necrophagous insects within an environment. 

Table 5.6.  Estimated escape rate of female blow flies from the bottle traps used 
at all trapping locations in Survey 1, July-December, 2019, based on 
the presence of identified Diptera collected as eggs versus adult 
specimens during a trapping period 

Species Number of reared egg 
groups (n) 

Minimum number of 
escaped females (n) 

Rate of Escape (%) 

Calliphora latifrons 20 12 60.00 
Calliphora vicina 46 19 41.30 
Cynomya cadaverina 3 2 66.66 
Lucilia illustris 15 4 26.66 
Lucilia sericata 22 2 9.09 
Unknown 4 Unknown Unknown 

Total 110 39 35.45 
Unknown specimens refer to all flies that were unable to be identified to species 
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5.1.5. Sex Ratios of Calliphoridae Species during Early Carcass 
Colonization 

Of the collected blow flies (n=721), 695 were identified45 as male or female to 

understand disparities in the sex ratio of early carcass colonizers within the family 

Calliphoridae. In total, 81.7% (n=568) of the blow flies were identified as female, while 

the remaining 18.3% (n=127) were identified as male. This result indicates that the 

majority of early carcass colonizers from the family Calliphoridae are female. Based on 

the observed frequencies of males and females obtained through a bivariate analysis of 

sex and species ID of Calliphoridae at each trapping location, sex ratios (Table 5.7.) 

were calculated for the identified Calliphoridae from dominant species46. These analyses 

demonstrated a statistically significant relationship (p<0.05) between sex and dominant 

species at all trapping locations except the SFU area. This result indicated (with the 

exception of the SFU location) that a difference was observed in capture rate of males 

and females from some of the identified dominant species of Calliphoridae. Post hoc 

testing revealed that significant differences (p<0.00625) were observed in two of the 

dominant species, C. latifrons and L. illustris, which resulted due to a higher proportion 

of C. latifrons males relative to the total collected abundance of males in all of the 

dominant species, with the opposite shown in L. illustris47. Regardless of this testing, an 

examination of sex ratios revealed that all species had a female-biased sex ratio, with 

the exception of L. sericata at the SFU trapping location48.  

 

 

                                                
45 Some identified Calliphoridae specimens could not be sexed due to breakage or absence of 
the abdominal cavity, and therefore were left out of the sex ratio analysis. 
46 Species with fewer than 50 collected specimens were not analyzed, as they did not provide 
enough specimens to calculate a sex ratio that would not be caused by chance. Sex ratios 
indicated the number of males per 100 females.  
47 This post hoc test did not reveal important information regarding sex distribution within species 
that could not be observed using the sex ratio, therefore post hoc testing of the significant chi-
square results shown in the Rural and BP locations will not be discussed. 
48 As this sex ratio was only based on a total of 7 specimens, the calculated ratio was likely a 
result of chance. 
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Table 5.7.  Sex ratios of adult specimens from the dominant Calliphoridae 
species within the three trapping locations in Survey 1, March-
December, 2019 

Location/Species ID Males (n) Females (n) X2 Sex Ratio 
All Trapping Locations   21.443*  
Calliphora latifrons 39 103  37.86 
Calliphora vicina 46 206  22.33 
Lucilia illustris 3 82  3.65 
Lucilia sericata 28 148  18.91 
Rural   34.558*  
Calliphora latifrons 16 25  64.0 
Calliphora vicina 25 71  35.21 
Lucilia illustris 2 68  2.94 
Lucilia sericata 16 134  11.94 
BP   13.034*  
Calliphora latifrons 8 39  20.51 
Calliphora vicina 8 73  10.95 
Lucilia illustris 1 13  7.69 
Lucilia sericata 8 11  72.72 
SFU   6.878  
Calliphora latifrons 15 39  38.46 
Calliphora vicina 13 62  20.96 
Lucilia illustris 0 1  0 
Lucilia sericata 4 3  133.33 

*p<0.05. Dominant species included species that had an accumulated total of greater than (>) 50 specimens collected 
from all trapping locations. Sex ratios indicated the number of males per 100 females. 

To determine whether this result was partially influenced by other variables, 

appropriate bivariate analyses49 (Table 5.8.) were conducted between the variable of sex 

and all other variables50. The analysis revealed significant relationships with the 

variables of Species ID, Trap Number, and Maximum Temperature, which indicated that 

these three variables might have influenced the sex ratio of captured Calliphoridae. 

However, across all variables, female Calliphoridae were more prevalent than male 

Calliphoridae over the duration of the project, indicating that sex ratios during carcass 

colonization are most likely to be influenced by the life cycle requirements of 

necrophagous Diptera rather than the other variables tested in this project. 

                                                
49 A Chi-square test was used for analysis between two categorical variables, while one-way 
ANOVA was used for analysis between continuous and categorical variables. 
50 A bivariate analysis was not performed using the measure of gravidity, since this variable only 
assessed Calliphoridae females. 
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Table 5.8.  Measurement of the influence of variables tested in Survey 1 on the 
sex distribution of dominant Calliphoridae species collected during 
an early carcass colonization period 

Variable Name (Label) X2/F statistic Effect Size 
Species ID 30.245* 0.209 
Location of Trap 5.254 0.087 
Trap Number 16.770* 0.155 
Date of Collection 31.483 0.213 
Month 4.401 0.080 
Minimum Temperature 0.368 - 
Mean Temperature 3.640 - 
Maximum Temperature 5.969* - 
Elevation (Meters)  5.254 0.087 
Precipitation  7.504 0.104 
*p<0.05, Chi-square tests were used for categorical variables, one-way ANOVA was used for continuous and 
categorical variables. Cramer’s V was used to measure effect size of categorical variables. 

5.1.6. Reproductive Range of Calliphoridae Species 

A total of 565 Calliphoridae females were dissected to document their gravidity at 

the time of collection. Of these specimens, 80.4% (n=454) were gravid, based on the 

presence of eggs in the abdominal cavity, while the remaining 19.6% (n=111) were not 

gravid51. Bivariate analyses (Table 5.9.) were conducted using all variables52 to 

determine their potential influence on the state of gravidity. Statistically significant 

relationships (p<0.05) were noted for the variables of location, date, month, and 

elevation, with the strongest relationship exhibited in relation to the date of collection 

(effect size=0.314). These relationships indicate that the state of gravidity of 

Calliphoridae specimens is influenced in some proportion by their habitat location and 

seasonal variation. However, post hoc testing of these variables demonstrated no 

significant differences for any of the categories once the Bonferroni correction was 

applied.  

                                                
51 Female blow flies were labeled as not gravid if eggs were not clearly visible in the abdominal 
cavity upon dissection. These not gravid females presented with an empty, dry abdomen or an 
abdomen filled with a liquid substance upon dissection. However, it is possible that eggs in the 
early stages of development may not have been identified or females may have just finished 
laying their eggs on the liver bait, resulting in inaccurately labeled specimens.  
52 A bivariate analysis was not performed on the variable of sex as all gravid Calliphoridae were 
female. 
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Table 5.9.  Measures of Association between the state of gravidity of female 
Calliphoridae from the three trapping locations and variables 
examined in Survey 1 during an early carcass colonization period 

Variable Name (Label) X2/F statistic Effect Size 
Species ID 13.141 0.153 
Location of Trap 6.811* 0.110 
Trap Number 13.374 0.154 
Date of Collection 55.658* 0.314 
Month 17.816* 0.178 
Minimum Temperature 2.563 - 
Mean Temperature 2.400 - 
Maximum Temperature 1.663 - 
Elevation (Meters)  6.811* 0.110 
Precipitation  3.096 0.074 

*p<0.05. Chi-square tests were used for categorical variables, one-way ANOVA was used for continuous and 
categorical variables. Cramer’s V was used to measure effect size of categorical variables. 

In terms of geographic location, more non-gravid specimens were recorded from 

the higher elevation SFU trapping location in comparison with the other two locations 

(Table 5.10.), potentially implicating elevation (or the temperature fluctuations within that 

region) as a determinant in reproductive range. Over time, as seen in Table 5.10., a 

higher ratio53 of non-gravid flies were collected from the beginning of the year (March 

and April) in comparison to assessed females that were collected during the remaining 

portion of the project, which indicated that female Calliphoridae are more likely to be 

incapable of oviposition earlier in the year. However, non-gravid females were observed 

over the duration of the project, so some other factor may have been influencing 

gravidity, or gravid females may have laid all their eggs prior to capture in the traps.  

Table 5.10.  Gravidity ratios of female Calliphoridae captured in bottle traps in 
Survey 1 at the three trapping locations and over time 

Variable Name/Category Gravid (n) Not Gravid (n) Gravidity Ratio 
Location of Trap & 
Elevation 

   

Rural (90m) 251 58 23.10 
BP (103m) 123 22 17.88 
SFU (330m) 80 31 38.75 
Month    
March  8 5 62.5 
April 9 5 55.55 
May  57 9 15.78 
June 69 21 30.43 
July 66 25 37.87 

                                                
53 The gravidity ratio represented the number of non-gravid females per 100 gravid females. 
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August 110 16 14.54 
September 91 16 17.58 
October 33 9 27.27 
November 11 5 45.45 

Only significant (p<0.05) variables were analyzed to produce gravidity ratios. Date of collection 
was not included in the table as overall collection from a single trapping day was often small in 
number and would not accurately represent the gravidity ratio. For this reason, month acted as a 
condensed version of the date of collection to illustrate gravidity over time. Location and elevation 
were combined together in this table as both variables produce the same results within the 
context of this project. The gravidity ratio represented the number of non-gravid females per 100 
gravid females. 

The reproductive and active start dates54 (Table 5.11.) were compared within the 

dominant species of Calliphoridae to determine whether these ranges differed. The 

collected L. illustris and C. vicina demonstrated the same range for activity and 

reproductive capability over the duration of the project, which indicated that the true 

range of activity for these species likely began earlier in the annual period. Reproductive 

and active ranges for C. latifrons and L. sericata differed, with the reproductive range 

starting later in the year than the active range start date. This result indicated that there 

is a gap between when blow fly species are first observed in an annual period and when 

they become metabolically active and capable of reproduction. Similar results are likely 

observed in the majority of Calliphoridae species, but were not examined in this project, 

as the collected numbers were too few to provide accurate information regarding activity 

versus reproductive range within an annual period. 

Table 5.11.  Reproductive and active ranges of Calliphoridae from dominant 
species collected in Survey 1, March-December, 2019 

Species ID Active Range Reproductive range 
Calliphora latifrons March 25th-November 19th, 2019 April 8th-November 19th, 2019 
Calliphora vicina March 18th-November 19th, 2019 March 18th-November 19th, 2019 
Lucilia illustris May 27th-October 14th, 2019 May 27th-October 14th, 2019 
Lucilia sericata April 1st-October 14th, 2019 April 29th-October 14th, 2019 
Active range applies to both males and females of the species. Reproductive range refers only to females of the 
species. 

                                                
54 End dates were the same for the reproductive and active ranges as females that started 
diapause in the fall season would not be able to be captured in the project. Active start dates 
represent when a member (male or female) from a species is first collected within the project, 
regardless of state of gravidity. Reproductive start dates represent when a gravid female is first 
collected within the project. 
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5.1.7. The Effect of Temperature & Precipitation on Carcass 
Colonization 

Using weather data from nearby stations, the influence of mean temperature and 

precipitation on species composition was measured over time using descriptive statistics 

and bivariate analyses. As a result of using weather data, temperature and precipitation 

values were not available for all trapping days in certain locations, resulting in a total of 

141 specimens missing temperature data over 11 trapping days and 91 specimens 

missing precipitation data over 6 trapping days (refer to Appendix Table A 1.5.).  

Temperature 

Tables 5.12.-5.14. demonstrate that a wide scope of mean temperatures was 

observed over the duration of this project, ranging from 5.8-23.0oC, with a mean value of 

16.8oC when considering all sites. Examination of mean temperatures at each trapping 

location using a one-way ANOVA revealed statistically significant differences55 (F=5.490, 

df=2, p=0.004), indicating that mean temperatures differed between at least two of the 

sites. A post hoc analysis revealed that the mean temperature significantly (p<0.05) 

differed between the SFU and Rural sites (p=0.003) and between the SFU and BP sites 

(p=0.000), but did not significantly differ between the Rural and BP sites (p=0.065).  

Over the duration of the project, the lowest temperatures, according to mean ranks, were 

recorded at the SFU location (Table 5.14.), ranging from 0-25oC, while the warmest 

temperatures were observed in the BP location (Table 5.12.), ranging from 2.7-28.8oC. 

Bivariate analyses of species ID (X2=171.202, df=21, p=0.000) and month of collection 

(X2=786.589, df=8, p=0.000) revealed similar trends, with both variables showing a 

statistically significant relationship to mean temperature. This result indicates that there 

is a difference in mean temperature observed between some of the months of collection 

(Fig. 5.4.), with the lowest recorded mean temperature observed in November and 

highest in July, followed by August, according to mean ranks. Post hoc testing revealed 

that all months showed significant (p<0.05) differences in mean temperatures between 

them, with the exception of May and July (p=0.753), September and June (p=0.140), 

                                                
55 Normality was assumed for the variables based on skewness and kurtosis values, but Levene’s 
test was determined to be significant (p=0.000), therefore, homogeneity of variances could not be 
assumed. To counteract this violation of assumptions, a non-parametric Kruskal-Wallis test was 
performed on the variables, showing a statistically significant (X2=22.115, df=2, p=0.000) result 
between the variables. 
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and September and March (p=0.615). When examining these findings in relation to the 

recorded abundance of collected specimens across months (Fig. 5.2. and Fig. 5.3.), a 

similar pattern is observed, where the highest abundance is recorded for the high mean 

temperature months of July and August, compared with lower abundance in the colder 

mean temperature months of March, April, and November. The correlation of these two 

variables with recorded abundance of necrophagous insects indicates that mean 

temperature is likely a key influencer of seasonal variation of the necrophagous 

community. For the variable of species ID, the statistically significant result indicates that 

different species are more likely to be collected at different mean temperatures. Post hoc 

testing revealed that the majority of species had differences in mean temperature during 

capture. However, dominant species of L. sericata and L. illustris did not present 

significant differences (p=0.580) in mean temperature, indicating that these species 

likely have similar temperature requirements.  Examination of difference in ranks of 

dominant Calliphoridae species revealed that C. vicina was recorded most often at lower 

mean temperatures, followed by C. latifrons, L. sericata, and L. illustris at the highest 

mean temperature of these four species. This result, in conjunction with the observed 

activity range (Table 5.11.), indicates that Calliphora species are better adapted to cold 

environments than Lucilia species. 

Table 5.12.  Estimated temperature range at the Rural trapping location in 
Survey 1, March-November, 2019 

Month Mean Temperature (oC) Mean Temperature 
Range (oC) 

Full Temperature Range 
(oC) 

March  11.5 10.2-12.7 3.3-22.2 
April 9.0 8.6-9.7 1.6-17.7 
May 18.6 18.6 11.6-25.5 
June 16.5 15.8-17.7 8.8-23.8 
July 19.2 18.0-20.0 12.2-27.2 
August 20.3 17.7-23.0 12.7-31.1 
September 15.6 10.2-18.6 3.8-25.0 
October  8.4 5.8-11.3 0.5-15.0 
November 8.6 7.7-9.7 5.0-11.6 
Full Temperature Range (oC) refers to the range between the lowest observed minimum and the highest observed 
maximum for a specific month. 
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Table 5.13.  Estimated temperature range at the Birkdale Place (BP) trapping 
location in Survey 1, March-November, 2019 

Month Mean Temperature (oC) Mean Temperature 
Range (oC) 

Full Temperature Range 
(oC) 

March  11.1 10.2-11.9 6.1-17.7 
April 10.6 8.6-13.8 3.8-21.1 
May 16.5 12.7-20.2 10.0-26.1 
June 17.0 15.5-18.0 10.5-23.8 
July 19.7 17.5-21.1 12.7-27.2 
August 19.5 16.9-23.0 11.1-28.8 
September 15.5 10.5-19.7 6.1-25.0 
October  9.6 6.6-11.1 2.7-15.0 
November 8.4 7.7-9.1 5.5-11.1 

Full Temperature Range (oC) refers to the range between the lowest observed minimum and the highest observed 
maximum for a specific month. 

Table 5.14.  Estimated temperature range at the Simon Fraser University (SFU) 
trapping location in Survey 1, March-November, 2019 

Month Mean Temperature 
(oC) 

Mean Temperature 
Range (oC) 

Full Temperature Range 
(oC) 

March  10.5 10.5 7.2-13.8 
April 10.8 7.2-14.4 2.2-20.0 
May 15.8 12.7-19.4 10.0-25.0 
June 16.1 14.4-16.9 10.0-22.2 
July 16.3 11.3-20.5 0.0-25.0 
August 17.3 16.6-18.0 12.2-22.2 
September 13.5 10.0-18.6 7.2-22.2 
October  8.8 8.8 5.0-12.7 
November 10.0 10.0 7.7-12.2 

Full Temperature Range (oC) refers to the range between the lowest observed minimum and the highest observed 
maximum for a specific month. 
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Figure 5.4.  Scatterplot of mean temperature (oC) at the (a) Rural (b) Birkdale 

Place and (c) Simon Fraser University trapping sites in Survey 1, 
March-November, 2019 

Precipitation 

Using weather station data, the precipitation values for collection days at each 

respective site were measured. However, the weekly collection days were chosen based 

on the absence of rainfall when possible to increase capture rate. As a result of this 

preferential selection, the results were skewed towards collection on days that 

accumulated no precipitation, with skewness and kurtosis values that exceeded range 

for a normally distributed variable (refer to Appendix Table 1.3.). Therefore, while the 

expected trend occurs, with lower collected abundance of specimens during higher 

periods of rainfall (Table 5.15.), it is unable to be determined from the data whether this 

trend has been tailored based on the choice of the researcher. Overall, this measure 

introduced a biased result for the variable of precipitation, making it difficult to accurately 

explain the influence of rainfall on early carcass colonization in this project. For this 

reason, the relationship between precipitation and early carcass colonization was not 

analysed further. 
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Table 5.15.  Capture rate of specimens in bottle traps at the three trapping 
locations during different levels of precipitation in Survey 1, March-
December, 2019 

Level of Precipitation (Inches) Frequency of Collection (n) Capture Rate (%) 
0 1067 85.84 
0.01-0.10 122 9.81 
0.11-0.20 37 2.98 
0.21+ 17 1.37 

 

5.2. Results of Survey 2: the influence of light exposure in 
necrophagous community composition 

All tested variables were determined to possess a normal distribution (refer to 

Appendix Table A 1.6.); therefore parametric tests were used in the analysis. As 

highlighted in Survey 1, the data collected from three sun and three shaded traps used 

in each trapping location were pooled respectively to monitor species composition within 

that environment. The influential effects of all other variables besides light exposure on 

necrophagous community composition and Calliphoridae species are discussed in 

section 5.1. This section of the results will examine the effect of sun versus shade on 

necrophagous community composition. 

5.2.1. Necrophagous Community Composition in Sunlit and Shaded 
Areas 

General Trends 

A total of 678 (n=678) specimens were collected from all deployed traps over the 

duration of Survey 2, with statistically significant differences (X2=41.111, df=12, p=0.000) 

observed in species composition between the shaded and sunlit traps. Post hoc testing 

revealed that significant (p<0.00192) differences in proportional abundance between sun 

and shaded traps only occurred for L. illustris, with a higher proportion observed in sunlit 

traps. However, the total collected abundance within both types of traps was low, 

therefore it was hard to discern preferences using statistics for this data set. For this 

reason, differences in abundance of a species captured between sun and shaded traps 

will be discussed without reference to statistical significance for the duration of this 

section. Over the six trapping days, three insect orders (Dermaptera, Diptera, and 
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Hymenoptera) were identified, with the order Diptera (n=459) representing the majority 

(67.6%). Hymenoptera (n=213) also represented a significant proportion of the trap 

catches at 31.4%, while Dermaptera (n=6, 0.9%) were caught only rarely. The 

specimens were identified as one of thirteen potential groups (Table 5.16.).  

Table 5.16.  Total species composition from the three trapping locations 
collected in sunlit and shaded traps in Survey 2, July-August, 2019 

Specimen ID Total Frequency of 
Collection (n) 

Percentage of 
Total 
Specimen 
Collection (%) 

Frequency of 
Collection (n) 
in Sunlit 
Traps 

Frequency of 
Collection (n) 
in Shaded 
Traps 

Angioneura spp. 2 0.3 2 0 
Calliphora latifrons 60 8.8 28 32 
Calliphora montana 1 0.1 1 0 
Calliphora vicina  76 11.2 36 40 
Calliphoridae spp. 4 0.6 2 2 
Cynomya cadaverina 1 0.1 1 0 
Lucilia illustris 46 6.8 38 8 
Lucilia sericata 76 11.2 53 23 
Lucilia spp.  21 3.1 14 7 
Phormia regina 1 0.1 1 0 
Non-Calliphoridae 
Diptera 

171 25.2 81 90 

Dermaptera 6 0.9 0 6 
Hymenoptera 213 31.4 120 93 
Total 678 100 377 301 

 

Following the design of Survey 1, Diptera (n=459) specimens were classified as 

either Calliphoridae (n=288) or non-Calliphoridae (n=171). Within the Calliphoridae (Fig. 

5.5.), both Calliphora vicina and Lucilia sericata were represented equally with a total of 

76 (26.39%) individuals each. Other noteworthy species captured in higher proportions 

included Calliphora latifrons (20.83% (n=60)) and Lucilia illustris (15.97% (n=46)). All 

other identified Calliphoridae species represented 10.42% (n=30) of the captured blow 

fly population.  
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Figure 5.5.  Percent Composition of Calliphoridae specimens in the three 

trapping locations, highlighting dominant species collected from all 
deployed traps, both sunlit and shaded, during Survey 2, July-
August, 2019 

The “Other” category represents all identified Calliphoridae groups that were collected in small 
proportions (refer to Table 5.16. to see the full list of Calliphoridae groups). 

Species Composition in Sunlit Areas 

An accumulated total of 377 specimens from 12 identified groups were obtained 

from the traps placed in sunlit areas over the duration of the project. Hymenoptera 

(n=120) was identified as the dominant group in the sunlit traps, with L. sericata (n=53) 

being the dominant Calliphoridae species. The majority of high abundance groups 

including C. vicina, C. latifrons, and non-Calliphoridae Diptera did not present noticeable 

differences (p>0.05) between sunlit and shaded traps. However, Hymenoptera and 

Lucilia (L. illustris and L. sericata) species demonstrated higher abundance over time in 

the sunlit traps. This result indicates a potential preference of these species for carcass 

colonization in higher light intensity areas compared to shaded spaces.  
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Examination of sunlit and shaded traps within each trapping location revealed 

similar trends. Lucilia species were observed in equal or higher densities in sunlit traps 

compared to the shaded traps at all 3 locations, while Hymenoptera were collected in 

higher densities in sunlit traps at the Rural and BP sites and in lower densities at the 

SFU site compared with the shaded traps. 

Species Composition in Shaded Areas 

Over five trapping days, 301 specimens from nine identifiable groups were 

recovered from traps placed in shaded areas, with the majority (51.5%) observed in the 

Rural location (Table 5.17.). Like the sunlit traps, the highest abundance (n=93) was 

recorded in the Hymenoptera; however, the dominant Calliphoridae species in the 

shaded traps was C. vicina (n=40). While the accumulated totals of C. latifrons, C. 

vicina, and non-Calliphoridae Diptera were observed in higher frequency in the shaded 

traps, these differences were negligible (±10 specimens) and therefore were unlikely to 

indicate preference for shaded zones. Additionally, all Dermaptera specimens were 

observed at shaded traps, demonstrating a potential preference for shaded 

environments56. 

Calliphora latifrons and non-Calliphoridae Diptera exhibited higher or near-equal 

abundance in shaded traps at all locations compared with the sunlit traps, once again 

highlighting their potential preference for shaded locations. In contrast, compared to the 

overall abundance accumulated from all traps, C. vicina actually had higher recorded 

abundance in the sunlit traps compared with the shaded traps at the Rural and SFU 

locations, with only the BP location showing a greater capture rate in shaded traps. 

 

 

 

                                                
56 While all Dermaptera specimens were observed in shaded traps, the total abundance was 
small (n=6), with the majority having been collected from a single trap on one trapping day. This 
observation indicates that this trap may have been placed in a location dense in Dermaptera, 
which resulted in the chance catch of some specimens. 
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Table 5.17.  Frequency (n) of collected adult specimens in sunlit versus shaded 
traps at the three trapping locations in Survey 2, July-August, 2019 

Species ID Rural Rural Shade BP BP Shade SFU SFU Shade Total 
Angioneura spp. 1 0 1 0 0 0 2 
Calliphora latifrons 6 8 11 11 11 13 60 
Calliphora montana 1 0 0 0 0 0 1 
Calliphora vicina  11 8 9 21 16 11 76 
Calliphoridae spp. 1 1 1 0 0 1 4 
Cynomya cadaverina 0 0 0 0 1 0 1 
Lucilia illustris 25 6 12 1 1 1 46 
Lucilia sericata 37 22 13 1 3 0 76 
Lucilia spp.  10 7 3 0 1 0 21 
Phormia regina 1 0 0 0 0 0 1 
Non-Calliphoridae Diptera 54 59 13 18 14 13 171 
Dermaptera 0 0 0 5 0 1 6 
Hymenoptera 54 44 35 15 31 34 213 
Total 201 155 98 72 78 74 678 

 

Captured versus Reared Specimens 

 A combined total of 6,187 flies (n=6187) were reared to adulthood from the sunlit 

and shaded traps (n=1995 and n=4192 respectively), consisting of four identifiable 

species (Table 5.18.). No additional species were identified, however, the overall results 

demonstrated a higher likelihood of C. latifrons (45.21%) and C. vicina (27.72%) 

oviposition in the traps. When comparing the sunlit and shaded traps, a higher 

percentage of both Calliphora species were reared from the shaded traps compared with 

the sunlit traps, with the opposite results observed in both Lucilia species. These 

findings indicated that Lucilia species might preferentially oviposit in sunlit locations, 

compared with Calliphora species, which may preferentially oviposit in shaded locations.  

Table 5.18.  Reared Diptera species collected as eggs on the bovine liver placed 
in the sunlit and shaded bottle traps used at the three trapping 
locations in Survey 2, July-August, 2019 

Species Number Reared from 
Sunlit Traps (%) 

Number Reared from 
Shaded Traps (%) 

Total Reared (%) 

Calliphora latifrons 370 (18.55%) 2,427 (57.90%) 2,797 (45.21%) 
Calliphora vicina 502 (25.16%) 1,213 (28.94%) 1,715 (27.72%) 
Lucilia illustris 343 (17.19%) 283 (6.75%) 626 (10.12%) 
Lucilia sericata 768 (38.50%) 229 (5.46%) 997 (16.11%) 
Unknown 12 (0.60%) 40 (0.95%) 52 (0.84%) 
Total 1,995 (100%) 4,192 (100%) 6,187 (100%) 
Unknown specimens refer to all flies that were unable to be identified to species 
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Analysis of eggs reared versus captured adults from a bottle trap during a 

specific trapping day revealed distinct differences in identified species (Table 5.19). 

Overall, high rates of escape were observed in both shaded and sunlit traps (50.00% 

and 32.60% respectively), with higher rates of escape observed in the shaded traps 

compared with the sunlit traps for all species (with the exception of C. latifrons). As 

shown in section 5.1.4., these results indicated that female blow flies had the ability to 

escape from the bottle traps following oviposition. 

Table 5.19. Estimated escape rate of female blow flies from the sunlit and 
shaded bottle traps used at the three trapping locations in Survey 2, 
July-August, 2019, based on the presence of identified Diptera 
collected as eggs versus adult specimens during a trapping period 

Species Number of 
reared egg 
groups in 
shaded 
traps (n) 

Minimum 
number of 
escaped 
females in 
shaded 
traps (n) 

Rate of 
Escape in 
shaded 
traps (%) 

Number of 
reared egg 
groups in 
sunlit traps 
(n) 

Minimum 
number of 
escaped 
females in 
sunlit traps 
(n) 

Rate of 
Escape in 
sunlit traps 
(%) 

Calliphora 
latifrons 

39 24 61.53 13 8 61.53 

Calliphora 
vicina 

21 11 52.38 12 5 41.66 

Lucilia 
illustris 

10 5 50.00 7 1 14.28 

Lucilia 
sericata 

3 2 66.66 11 1 9.09 

Unknown 11 Unknown Unknown 3 Unknown Unknown 
Total 84 42 50.00 46 15 32.60 
Unknown specimens refer to all flies that were unable to be identified to species 
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Chapter 6.  
 
Discussion 

Within the past few decades, forensic entomology has gained recognition as an 

asset to criminal investigations by providing information relevant to a crime scene 

through the evaluation of entomological evidence. As the field has gained popularity, the 

increase in literature surrounding necrophagous insects, particularly blow flies 

(Calliphoridae) and their environmental influences have exponentially increased over 

time. As a result of this research, entomologists have realized that (1) each environment 

provides its own unique species composition of necrophagous insects (2) the same 

species within different environments possesses unique life requirements based on their 

adaptations for survival and (3) species composition within an environment shifts over 

time based on changing climatic conditions. These aspects have the ability to impact 

how entomological evidence is perceived within criminal investigations, requiring (1) an 

understanding of the crime scene environment and (2) accurate region-specific data 

sources to provide reliable information. Knowledge provided by these studies indicates 

that continued experimental research on necrophagous communities involved in carcass 

colonization must be conducted within different environments over time to provide 

available, up-to-date data for criminal investigations.  

Prior to the conduction of this project, little information was known regarding the 

current necrophagous community within the Lower Mainland of Canada. To ameliorate 

our understanding of this community in British Columbia, the current project was 

performed in Metro Vancouver to analyze the effect of seasonal and geographic 

variation on necrophagous species composition during early carcass colonization. A 

range of different habitat types over varying elevations were monitored over a nine-

month period to understand the relative influence of environmental conditions on the 

arrival of necrophagous species to an available colonization source. The results of this 

project highlighted the range of species’ abundance and diversity within different 

environments over time and demonstrated the importance of conducting research within 

unique habitats of a condensed sampled region. 
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6.1. Overall Observations 

The overall trends in species composition produced expected results, with most 

of the insects caught being necrophagous or necrophilous Diptera. Necrophagous 

Diptera, which include the Calliphoridae, Muscidae, Sarcophagidae, and other families, 

have been shown to be some of the first organisms to colonize a body in the early 

stages of decomposition (Byrd & Tomberlin, 2020; Carvalho et al., 2004; Goff, 2009). In 

addition, other organisms, such as Coleoptera and Hymenoptera, have been 

documented to arrive after the Diptera, acting as both colonizers of the body and 

predators of available flies in the area (Catts & Goff, 1992). The abundance of each 

order collected within this project followed this pattern of successional colonization, but 

recorded frequencies of Hymenoptera specimens revealed unexpected results. The 

implications of these results will be discussed further in section 6.6. Behind the dominant 

population of Diptera, Hymenoptera were collected in the highest abundance, followed 

by Coleoptera. Based on the literature, other orders and classes of arthropods 

(Arachnida, Lepidoptera, and Hemiptera) that were encountered over the project 

duration were considered adventive species (Byrd & Tomberlin, 2020; Goff, 2009). 

Considering their frequency of collection57, these organisms were most likely in the area 

prior to the placement of the trap and were caught by chance.  

Within the Diptera, the family Calliphoridae are known to be one of the earliest 

colonizers of carrion, arriving within minutes of death (Carvalho et al., 2004; Catts & 

Goff, 1992). Based on this knowledge, it was expected that the majority of specimens 

collected in this project would be blow flies, a result which held true. Much of the 

literature surrounding insect colonization was found to only discuss the abundance of 

Calliphoridae specimens, making it difficult to ascertain whether the collected 

proportions of Calliphoridae versus non-Calliphoridae Diptera in this project were on par 

with expected levels in an environment during early carcass colonization (Brundage et 

al., 2011; Carvalho et al., 2004; Weidner et al., 2013). However, of studies that did 

discuss more diverse insect assemblages involved in carcass colonization, similar 

abundances of Calliphoridae versus non-Calliphoridae Dipteran specimens as observed 

                                                
57 A low frequency of coleopteran specimens was also captured in this project. While some 
coleopteran species are known to be attracted to carrion, it is unknown whether the individuals 
collected in this project fall under that classification. Without identifying the organisms further, it 
cannot be determined whether they were captured by chance. 
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in this project were highlighted (Benbow et al., 2013; Hwang & Turner, 2005; Schroeder 

et al., 2003). In Hwang’s and Turner’s (2005) study, 78.6% of all Dipteran specimens 

were Calliphoridae, while the remaining 21.4% was divided between 19 different 

Dipteran families. While the proportions of Calliphoridae versus non-Calliphoridae 

Diptera observed in this project were slightly lower, fluctuations in species abundance 

and diversity are expected between different study sites and were not an unexpected 

finding.  

As with the bulk of studies that monitor species composition over time, dominant 

species were observed. While studies highlight a diverse array of collected specimens, 

the majority of the collected samples are often represented by three to four key species 

(Benbow et al., 2013; Brundage et al., 2011; Hwang & Turner, 2005; Sabanoglu & Sert, 

2010; Schroeder et al., 2003; Weidner et al., 2015). This finding was observed in the 

project, with the majority of the Calliphoridae population represented by C. vicina, C. 

latifrons, L. illustris, and L. sericata, all of which have been previously identified as 

important forensic indicator species in the British Columbia region (Anderson, 2000; G. 

Anderson, Personal communication, October 10, 2018; Dillon, 1993). In addition to the 

dominant species, at least58 10 other Calliphoridae species were encountered in the 

deployed traps.  The majority of these specimens are considered to be fairly common 

and widespread species throughout the North American region (Jones et al., 2019). 

However, exemptions from the collection include C. montana, which is a widespread 

species in Canada, and Angioneura, a genus that is not often collected59 (Jones et al., 

2019).  

6.2. Seasonal Variation on Necrophagous Community 
Composition- the effect of a changing climate 

As environmental conditions change over an annual period, the abundance and 

diversity of species within an ecosystem vary. Within this project, a noticeable shift in the 

abundance of specimens collected over time occurred as the seasons changed. 

                                                
58 Angioneura and Pollenia specimens were only identified to genus, therefore specimens within 
these groups may have represented more than a single species. 
59 As mentioned earlier, identified specimens were not cross-checked to verify species 
identification prior to the completion of this thesis, therefore some specimens may have been 
identified incorrectly. 
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Elevated levels of specimens began to be collected near the end of spring (April-May), 

peaking in the summer month of August, and then subsequently decreasing in October 

to starting levels. This bell-shaped distribution in collection level was an expected 

outcome and was observed in all trapping locations, with variances in abundance and 

peak collection between locations over time.  

As shown in other studies, shifts in species composition and abundance over 

time act as a function of fluctuating environmental conditions, particularly in response to 

changing temperatures (Benbow et al., 2013; Brundage et al., 2011; Gruner et al., 2007; 

Hwang & Turner, 2005; Sabanoglu & Sert, 2010; Schroeder et al., 2003; Wall et al., 

1992; Weidner et al., 2015). These changing temperatures form unique ranges of activity 

over an annual period depending on the minimum and maximum temperature thresholds 

of a species (Ames & Turner, 2003; Rivers & Dahlem, 2014). In particular, minimum 

thresholds (the lowest temperature that allows for development and survival of a 

species) will dictate when a species initiates diapause in the fall and recommences 

metabolic activities in the spring (Ames & Turner, 2003; Wilde, 1954). For this reason, 

the highest abundance and diversity of specimens are often observed in the warmest 

months of the year, forming a bell-shaped distribution in abundance60 (Brundage et al., 

2011; Donovan et al., 2006; Gruner et al., 2007; Wall et al., 1992). This agrees with 

findings by Hwang & Turner (2005), who recorded higher capture rates of Calliphoridae 

in the summer months compared with winter months from their bottle traps. In the spring, 

only those species that are cold tolerant will be present61, however, as the year 

progresses to the summer (i.e. warm) months, temperatures will have stabilized to 

comfortable level for the majority of species to exist within an environment (Ames & 

Turner, 2003; Gruner et al., 2007; Wilde, 1954).  Following this period of high heat, 

temperatures will slowly decrease as the fall months approach, resulting in a decline in 

observed abundance and diversity as species reach their minimum thresholds and enter 

diapause for the colder winter months (Brundage et al., 2011; Donovan et al., 2006; 

Gruner et al., 2007; Wall et al., 1992).  When analyzing this concept within this project 

                                                
60 This concept is dependent on location. In a region that experiences warm temperatures all year 
round, diapause may not occur and species abundance and diversity may not significantly 
change between months. However, the results of this project are discussed in relation to regions 
that experience typical seasonal changes over an annual period. 
61 These cold tolerant species will still have a limited abundance, as not all members will become 
active at the same time, resulting in a slow progressive increase until peak abundance is reached 
during their active period. 
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on a species level, specific ranges of activity were observed based on unique 

temperature thresholds. These concepts will be discussed in relation to dominant 

species and species of interest within the family Calliphoridae62.  

The two most abundant Calliphora species, C. vicina and C. latifrons, were both 

observed from the beginning (March) to the end (November) of the collection period, 

indicating that these species may have wide temperature ranges, with low minimum 

thresholds. In agreement with this result, Weidner et al. (2015) noted that C. vicina was 

a strong forensic indicator within the spring season, having observed high abundances 

within the cooler fall, winter, and spring months. Additionally, Donovan et al. (2006) have 

reported the minimum threshold of C. vicina to be as low as 1oC in London, England. 

Seasonal collections performed by Brundage et al. (2011) revealed that C. latifrons 

experiences similar year-round activity. Additionally, the majority of studies concur that 

species within the Calliphora genus are generally associated with cooler climates, which 

support the findings of this project (Brundage et al., 2011; Donovan et al., 2006; Gruner 

et al., 2007; Hwang & Turner, 2005; Mohr & Tomberlin, 2014b; Sabanoglu & Sert, 2010; 

Schroeder et al., 2003; Weidner et al., 2015).  

Both Lucilia species (L. sericata and L. illustris) were not encountered until later 

in spring (April and May respectively) and were observed until October. As with the 

Calliphora species, these results indicate that the collected Lucilia species have wide 

temperature ranges for activity, however their later start and earlier end dates for 

collection indicate a higher minimum threshold. Many studies have illustrated that Lucilia 

species are often encountered in greater abundance in the summer months, labelling 

them as a genus that prefers warmer temperatures (Brundage et al., 2011; Hwang & 

Turner, 2005; Schroeder et al., 2003; Weidner et al., 2015). Schroeder et al.’s (2003) 

study based in Germany most closely resembled the range of activity observed in this 

project for the L. sericata population, with a range of collection spanning from May to 

October. Hwang & Turner (2005) found similar activity ranges for both L. sericata and L. 

illustris, with collection numbers elevating in June and sharply dropping in October, 

further confirming the results of this project and their status as summer month species. 
                                                
62 Hymenoptera and non-Calliphoridae Diptera represented dominant specimens, but were not 
discussed in this section, as they were not identified to the species level. As all species have 
unique temperature thresholds, the identification of the species is critical to properly identify 
active ranges and climatic preferences. More detail on the Hymenoptera population is provided in 
section 6.6. 
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This overarching result indicated that Calliphora species are likely more cold tolerant 

than Lucilia species in the British Columbia region, which is on par with findings 

collected from various globally based studies63 (Brundage et al. 2011; Schroeder et al., 

2003; Weidner, 2015).  

Contrary to the results that showcased wide ranges of activity across seasons for 

blow flies, other Calliphoridae species were observed in small, periodic bursts of activity 

over the collection period. Calliphora vomitoria was observed during the spring and fall 

months, indicating a potential preference for a cooler climate with a lower maximum 

threshold. Weidner et al. (2015) found that similar to C. vicina, C. vomitoria also acted as 

a strong forensic indicator in spring. Schroeder et al. (2003) corroborated this finding, 

determining that C. vomitoria is commonly observed in the cooler climates consistent 

with the early spring and late fall seasons. Cynomya cadaverina was largely observed in 

the fall months, while Pollenia species were only encountered in the spring months. 

These findings are counterintuitive when examining activity ranges from the perspective 

of temperature thresholds, as it would be expected that a specimen encountered during 

one cold season (e.g. Spring) would be encountered in another cold season (e.g. Fall). 

However, Weidner et al. (2015) found that C. cadaverina is a cooler climate species, 

collected in higher abundance in both fall and spring. While the C. cadaverina population 

was largely observed in the fall months for this project rather than spring, its total 

collected abundance was small (n=18), which makes it difficult to identify a clear pattern 

of seasonal distribution from the results. Similarly, Pollenia specimens were rarely 

collected (n=6), so their seasonal distribution could not be accurately identified. Benbow 

et al. (2013) also observed Pollenia specimens in a single season (winter), but were 

faced with the same issue, having collected specimens rarely throughout their study. 

Overall, the distribution of species over an annual period was consistent with findings in 

current literature, indicating that the environment in Metro Vancouver follows a normal 

seasonal pattern of fluctuating temperatures.  

                                                
63 This finding may not be applicable to all Calliphora or Lucilia species in different global regions 
as the same species have the ability to adapt to their local environment, which may result in a 
change in developmental temperature thresholds. 
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6.3. The Influence of Geography and Elevation in the 
Formation of Unique Faunal Communities 

In addition to seasonal variation, species composition is heavily influenced by the 

geographic location. Every ecosystem encompasses a unique array of environmental 

conditions to sustain a select assortment of flora and fauna (George et al., 2013; Pojar & 

Meidinger, 1991). The culmination of these conditions allows some species to thrive 

within a given environment, while others are unable to survive.  Within this project, 

distinct differences were observed in the abundance and diversity of collected 

specimens between the three trapping sites, indicating species preference for different 

geographic locations. The highest abundance of collected specimens was observed at 

the rural location in comparison to the other locations that were more urbanized due to 

human settlement. In contrast, a higher diversity of specimens was collected at the 

urban BP location compared with the other two sites. These results conflict with the 

observation of species richness and abundance in rural versus urban habitats from other 

entomological studies (Hwang & Turner, 2005; Vasconcelos et al., 2015). To begin to 

interpret these results and why they may differ from the literature, it is necessary to 

understand how population dynamics shift in relation to an environment.  

An environment can only support as many individuals as there are resources; 

therefore, geographic locations with plentiful resources tend to have less competition 

and higher population densities (Brundage et al., 2011; Denno & Cothran, 1976). These 

plentiful environments are often rurally based locations because species are less likely 

to have to compete with humans for space and resources, allowing them to 

exponentially expand their population until a limit is reached and the population plateaus 

(Vitousek et al., 1997). This concept explains why a greater overall abundance was 

observed in the rural location for this project. However, when considering species 

richness, a diverse environment is observed when environmental conditions exist in a 

range that meets the specific needs of multiple species (Brundage et al., 2011; Bugajski 

& Stoller, 2017). While the BP location was considered urban in reference to the rural 

location, it still existed in a forested area, which may have allowed for the collection of 

both synanthropic and rural species, thus resulting in a higher recorded diversity.  

In addition to the regions being urban or rurally based, the sites were all at 

differing elevations, which, according to entomological studies, may have influenced 
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abundance and diversity (Adair, 1999; Adair et al., 2006; Baz et al., 2013; Gemmellaro, 

2019). As mentioned, the rural location, situated at the lowest elevation, achieved the 

greatest abundance, while the SFU location (at the highest elevation) recorded the 

lowest abundance over time. This inverse relationship between elevation and 

abundance indicates that higher elevation environments may not have the resources or 

environmental conditions necessary to sustain high population densities over time.  

When examining abundance at the species level, differences are often observed 

between locations, indicating that species have preferences towards specific habitat 

types. While the dominant species observed in each location were either members of the 

Hymenoptera or non-Calliphoridae Diptera, only the Calliphoridae species of interest will 

be discussed in relation to habitat preferences64.  

Based on the observed frequency of collection between sites, L. sericata and L. 

illustris were classified as specimens that preferred rurally based locations. Additionally, 

these species showed decreased abundance as elevation increased, potentially 

indicating that the higher abundance in the rural location was a result of elevational 

preference rather than rural habitat preference. Examination of Lucilia species habitat 

preferences from previous studies revealed mixed results. Anderson (2000) found that L. 

illustris is commonly observed in rural habitats, which agrees with the current project 

finding, however Hwang and Turner (2005) observed the opposite, with L. illustris 

recorded in greater densities in urban locations. Additionally, Anderson (2000) noted that 

L. sericata is often observed in more urban centric environments. This finding on L. 

sericata is also established in studies conducted by Anderson and Vanlaerhoven (1996), 

Brundage et al. (2011), Hwang and Turner (2005), and Weidner et al. (2015). The 

opposing result observed in this project indicates that Lucilia habitat preference may 

have changed over time within the Metro Vancouver region based on shifting resource 

allocation or changing climatic conditions between geographic locations, or the “rural” 

based location may have actually been more urbanized than initially perceived. As 

indicated by Weidner et al. (2015), L. sericata’s preference for urban environments may 

be misconstrued based on their preference for high population densities. Therefore, 

even though the “rural” location existed within an open field area, the human population 

                                                
64 Hymenoptera and non-Calliphoridae Diptera represent dominant specimens, but were not 
discussed in this section, as they were not identified to the species level. Habitat preferences are 
often unique to a species; therefore, habitat preferences cannot be generalized to an entire order. 
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residing in that location may have been high enough to be considered urban for 

ecological study purposes65. When examining Lucilia species distribution from an 

elevational perspective, Davies (1990) found that Lucilia were rarely collected at 

elevations exceeding 500 meters, while Baz et al. (2007) identified L. sericata as a low 

elevation species. Additionally, Gemmellaro (2019) found that L. sericata was a common 

species collected at 700 metres elevation in their Sicily-based study, with a decreasing 

abundance in collection observed above this elevation level. While the highest elevation 

site (SFU-330m) was lower than these heights, the results of this project support the 

notion that the abundance of Lucilia species within an environment decreases above a 

certain elevation.  

Calliphora latifrons was classified as a synanthropic species based on its 

perceived preference for urban locations. However, the abundance of collected 

specimens did decrease along the elevational gradient, which could also imply that C. 

latifrons prefers higher elevation sites for habitation. In a similar trapping survey based 

out of the Metro Vancouver region, Anderson (2000) also found elevated levels of C. 

latifrons on the SFU campus, indicating preference likely does exist for this urban-higher 

elevation habitat. However, studies have illustrated that C. latifrons can be collected in 

all habitat types, indicating that their spatial range may be more greatly influenced by the 

local environmental conditions or resource availability than habitat type (Anderson & 

VanLaerhoven, 1996; Brundage et al., 2011).  

Cynomya cadaverina was also observed in the greatest density at the highest 

elevation but showed no preference towards the urban or rural sites, implying that 

elevation may be a key determinant in habitat preference for this Calliphoridae species. 

In corroboration with this finding, Niemela (2007) found that C. cadaverina preferred 

higher elevation sites in the state of California (as cited in Nakano & Honda, 2015, p.10). 

While other studies have difficulty pinpointing a specific habitat type for C. cadaverina, 

often labelling it as a “widespread” species, its inclination for residing in cooler climates 

would support the notion of also preferring higher elevations (Anderson, 2011; Weidner 

et al., 2015).  

                                                
65 While this concept may explain the observed results, properties in the rural trapping location 
were large, consisting of one-acre lots, farmland, and a ravine, indicating that the density of the 
human population was likely to be low in the area at the time of trapping. 
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While C. vicina was observed in the greatest abundance at the rural location, all 

sites amassed a fair number of the species, with both urban sites recording C. vicina as 

the dominant species, with higher proportional abundance than at the Rural site. This 

result indicated that C. vicina might prefer more urbanized or higher elevation 

environments. Hwang & Turner (2005) have shown the inclination for C. vicina to be 

recorded in higher densities in urban habitats, supporting the observed result of C. vicina 

as the dominant Calliphoridae species at the SFU and BP sites. Additionally, Baz et al. 

(2007) and Gemmellaro (2019) have demonstrated that C. vicina populations will exist in 

high elevation environments, which is likely influenced by their ability to withstand colder 

temperatures than other Calliphoridae species (Brundage et al., 2011; Gruner et al., 

2007; Hwang & Turner, 2005; Mohr & Tomberlin, 2014b; Sabanoglu & Sert, 2010; 

Schroeder et al., 2003; Weidner et al., 2015).  

The collected C. vomitoria showed no habitat preference in this project, having 

equal collected abundance in all locations, however the total accumulation (n=6) was too 

low to accurately measure habitat patterns for this species. However, studies have noted 

that C. vomitoria preferentially resides in more rural based and higher elevation 

environments, indicating that the species should be found in higher abundance within 

this specific habitat type (Baz et al., 2007; Brundage et al., 2011; Hwang & Turner, 2005; 

Schroeder et al., 2003; Smith, 1986).  

While a species habitat preference can sometimes be established, the mixed 

results observed across entomological studies reveal that some variation is likely to exist 

between different geographic locations. The spatial distribution of a species is not solely 

determined by habitat type, but rather is a delicate equilibrium formed through their 

interaction with different components of the environment. For this reason, it is necessary 

to consider current findings in the literature, but not rely on that information as verifiable 

proof of accurate results within your own study.  

6.4. Carcass Colonization: battle of the sexes 

When identifying carcass colonizers, many insect species are labelled as 

members of the necrophagous community. However, not all individuals within these 

species are involved in the colonization process.  For blow fly species, carcass 

colonization is recognized as a female-driven process, as females require a source to 
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provide (1) a protein meal to allow for the final development of the sexual organs and (2) 

an adequate environment for oviposition (Janaway et al., 2009; Mohr & Tomberlin, 

2014a; Norris, 1965; Rivers & Dahlem, 2014). Using this knowledge, the results obtained 

from this project make logical sense, as the majority of collected Calliphoridae 

specimens were female, with a heavily female-biased sex ratio observed across all 

dominant species. This female majority was observed regardless of species, geographic 

variation, seasonal variation, or other variables, indicating that the sex ratio observed in 

Calliphoridae specimens is likely a result of their life style requirements rather than an 

influence of their environment. Statistically significant results that were observed 

between the sex of Calliphoridae specimens and tested variables demonstrated a low 

effect size, indicating a weak relationship, with results that were likely obtained by 

coincidence. Similar sex ratios have been observed in most carcass colonization studies 

that examine Calliphoridae, revealing that the results of the current project are not a 

novel trend and highlight a pattern within the blow fly community (Baz et al., 2007; 

Martin-Vega & Baz, 2013; Mohr & Tomberlin, 2014a; Mohr & Tomberlin, 2014b). Hwang 

and Turner (2005) recorded a significant example of this disproportionate catch rate, 

with a calculated sex ratio of 1: 23.7 (male: female) for collected C. vicina. A study by 

Martin-Vega and Baz (2013) indicates that this bias in female catch rate is not solely 

confined to the Calliphoridae family but can be observed within multiple families of 

necrophagous Diptera including the Muscidae and Sarcophagidae. Results of this study 

indicated that sex-biased ratios may be influenced by the behaviour of male specimens, 

with those that utilize perching behaviour over meeting behaviour experiencing greater 

bias in female capture rate (Martin-Vega & Baz, 2013). Overall, the resulting sex ratio 

established within this project exemplifies the typical nature over nurture debate, with 

biology and genetics providing the key stimulus in this dynamic between the sexes. 

However, there were still male Calliphoridae collected from deployed traps, 

indicating that they are also attracted to carrion resources. Male Calliphoridae were also 

captured in Mohr & Tomberlin’s (2014b) study, warranting an explanation for why this 

phenomenon may occur. It is known that male Calliphoridae require a protein source to 

complete their gonadal development prior to reproduction; however, an additional 

explanation has been proposed to explain why the male sex is observed on or near a 

carcass (Archer & Elgar, 2003; Janaway et al., 2009; Mohr & Tomberlin, 2014b). While 

males do not need to colonize a carcass to survive, they do require females with which 
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to mate (Archer & Elgar, 2003). Gravid female blow flies are often the first to frequent a 

body, therefore, it would make sense for males to reside on or near a body when 

females are present to increase their odds of mating and their reproductive fitness level 

(Mohr & Tomberlin, 2014a). Through this technique, male Calliphoridae are able to 

propagate the next generation with their genes and reduce their level of energy 

expenditure (Mohr & Tomberlin, 2014b). 

6.5. Differentials in Active and Reproductive Ranges of 
Calliphoridae 

Each blow fly species is unique in terms of their activity range throughout an 

annual period, which is significantly influenced by their preferred temperature range 

(Rivers & Dahlem, 2014). Additionally, as discussed in section 4.2.11., some species of 

blow fly will enter diapause as adults, which will create a lag between the start of their 

active and reproductive ranges since the reproductive organs are still functionally asleep 

and require metabolic re-activation (Ames & Turner, 2003; Delinger, 2002; Wilde, 1954). 

While the minimum threshold for activity and development is known to exist within the 

range of 0-10oC for most species, the base temperature for oviposition is often higher 

(Ames & Turner, 2003; Wilde, 1954). Temperature shifts and stabilization over time to a 

more comfortable range of habitation will allow female Calliphoridae to restart these 

metabolic functions and perform oviposition on available resources (Ames & Turner, 

2003; Wilde, 1954). This concept was observed within the project, which highlighted that 

season and habitat both play a statistically significant role in the state of gravidity, with 

more gravid individuals collected in the summer months and at lower elevations. These 

results make sense, as the summer months will provide a mean temperature that has 

stabilized at a level higher than the minimum threshold of development for the majority of 

species, and lower elevation locations are known to be warmer and less prone to rapid 

daily temperature fluctuations in comparison with higher elevations (Brundage et al., 

2011; Donovan et al., 2006; Gruner et al., 2007; Grytnes & McCain, 2007; Wall et al., 

1992).  

Examination of dates of capture for the first member of a species and the first 

gravid female revealed differences between the activity and reproductive range for some 

Calliphoridae species. A lag in range start dates was observed in the C. latifrons and L. 

sericata populations collected in this project, however no noticeable difference was 



109 

documented in the activity and reproductive range of collected C. vicina and L. illustris 

specimens. In terms of activity ranges (section 6.2.), studies have revealed that 

Calliphora species are generally more cold tolerant than Lucilia species, being recorded 

within the early spring and late winter months (Faucherre et al., 1999; Greenberg, 1991; 

Hwang & Turner, 2005; Sabanoglu & Sert, 2010). These recorded differences in 

seasonal distribution would explain why the dominant species of C. latifrons and C. 

vicina were observed earlier in the collection period than L. sericata and L. illustris, as 

each species have their own requirements for survival.  

Oviposition temperature thresholds for individual species have not been well 

documented and little information is known as the majority of studies are conducted at 

optimal temperatures for development and survival of specimens. In that regard, only a 

few studies could be found to provide some context to the results observed in this 

project. When examining the recorded reproductive ranges, a study by Wall et al. (1992) 

revealed that L. sericata requires a base temperature of 11oC to oviposit, providing a 

potential explanation for why collected L. sericata specimens in this project were first 

observed at the start of April, while gravid females were not encountered until the end of 

the month as warmer temperatures stabilized. In comparison, a more recent study 

indicated that L. sericata has a minimum base temperature for oviposition of 17.5oC, 

while C. vicina is capable of laying eggs at temperatures as low as 10oC (Ody et al., 

2017). This study also confirms the results found in this study, which indicated that C. 

vicina likely has a lower threshold temperature for oviposition based on the overlapping 

start dates for activity and reproduction early in the collection period. Data on 

ovipositional temperature thresholds for L. illustris and C. latifrons were not found within 

the current literature, however, if these species follow the same trend as others (C. 

vicina and L. sericata) that have been documented within their respective genera, the 

results of this study would be valid, as both Lucilia species were documented as having 

later reproductive ranges during the annual period in comparison with Calliphora 

specimens. Differences in baseline temperatures for oviposition between studies reveal 

that species may adapt over time to new temperatures or different environments, 

indicating that each habitat may have species that have unique ranges for activity and 

reproduction in an annual period.  
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6.6. Predatory Populations and Skewed Species 
Composition 

Species abundance and diversity is dependent on a multitude of factors, 

including climatic conditions and the floral and faunal constituents that form an 

ecosystem. When examining factors that influence species abundance, a key variable to 

consider are potential predators. Within the necrophagous community, Hymenoptera, 

particularly species of wasp, have the ability to exert high pressure on blow flies through 

parasitization and consumption of individuals, decreasing their overall yield (Catts & 

Goff, 1992; Frederickx et al., 2013). Within the confines of this project, yellow jackets 

and hornets were observed and collected in high abundance from all deployed traps 

over time. While Hymenoptera capture was expected, the recorded numbers were 

higher than initially predicted. Similar to findings observed in studies performed by 

Archer and Elgar (2003) and Moretti et al. (2011), these wasps were expected66 to have 

decreased the abundance and diversity of species in the traps as their presence resulted 

in the consumption of eggs and flies that had already been captured within the traps 

prior to their arrival, and may have deterred flies from entering the traps once the wasps 

were noticed inside.  

In comparison to similar entomological studies, the magnitude of Hymenoptera 

observed in this project exceeded normal frequency of collection (Carvalho et al., 2004; 

Dillon, 1993; Wang et al., 2017). As a result of their low-recorded abundance, the 

majority of studies do not specifically discuss hymenopteran influence, but merely 

indicate their presence within a collection. In contrast, a recent article published by 

Somavilla et al. (2019) based on their 2009 Brazil-based study also revealed high 

recorded densities of Hymenoptera species during carcass colonization. The unusual 

result obtained in this project, in conjunction with the noted result in Somavilla et al.’s 

(2019) study, indicated that densities of wasp species (or other hymenopterans) might 

be location dependent. Another explanation for the result could be a general rise in the 

Hymenoptera population within the Metro Vancouver area based on changing climatic 

conditions, which may have altered the environment to provide a more suitable habitat 

for these species to flourish (McCarty, 2002; Portner & Farrell, 2008). Consultation with 

                                                
66 This prediction was made based on the observation of broken Calliphoridae and non-
Calliphoridae Diptera pieces inside the traps, which were unable to be identified. 
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an entomologist located in Northern British Columbia revealed similar trends in the 

observed Hymenoptera population in summer 2018, indicating that a higher than normal 

abundance of wasp species can occur within a season (L.Poirier, Personal 

communication, July 18th, 2019). To fully understand the impact of predation on species 

composition, a study would need to be conducted using two different sets of traps: one 

that allows hymenopterans (specifically yellow jackets and hornets) to enter and another 

that prevents them from accessing the interior of the trap. This design would allow a 

researcher to analyze species composition in simulated predated versus non-predated 

environments. However, since this concept was not implemented during the project, it 

can only be assumed that predation by Hymenoptera species skewed the recorded 

abundance and diversity of collected specimens. 

6.7. The Effect of Light Intensity on Exposed Cadavers- 
creating distinct niches in confined areas 

Blow flies are diurnal organisms, meaning that they are active during the day and 

inactive during the night-time period (George et al., 2013; Sharanowski et al., 2008; 

Weidner et al., 2016; Zurawski et al., 2009). As a result of this behaviour, blow flies will 

not often oviposit at night in natural conditions, causing a delay in colonization of 

necrotic tissue (Greenberg, 1990; Singh & Bharti, 2001). This phenomenon is of 

pertinent interest and has been recorded within many entomological studies based on its 

relevance to the accurate estimation of a minimum PMI (Amendt et al., 2008; Mohr & 

Tomberlin, 2014b; Soares et al., 2016; Weidner et al., 2016; Zurawski et al., 2009). 

While this area of research is categorized under the influences that light periods have on 

carcass colonization, a similar area examines the influence of light intensity on carcass 

colonization, with studies performed to understand differences in necrophagous 

community composition on sunlit and shaded carrion.  

The current project demonstrated an overall higher abundance and diversity of 

collection from the sunlit traps in comparison with the shaded traps. These findings 

match results found by Sharanowski et al. (2008) on colonized pig carcasses, indicating 

that a higher proportion of insect species may prefer to colonize carcasses in light 

intense environments. This finding is likely influenced by the increased rate of 

decomposition in sun-exposed cadavers, which may allow necrophagous insect 

succession to proceed at a faster pace in comparison to shaded cadavers, giving a false 
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perception of increased diversity and abundance in the early colonization stages 

(Sharanowski et al., 2008; Shean et al., 1993).   

When examining the distribution of individual Calliphoridae species between the 

sunlit and shade exposed traps, only the Lucilia species (L. sericata and L. illustris) were 

documented as having a preference, with L. illustris providing the only statistically 

significant difference between sunlit and shaded traps. Both species were observed to 

prefer colonizing in sunlit traps compared with the shaded traps, which indicated that 

light intensity might influence what resources these species choose to colonize in an 

environment. Sharanowski et al. (2008) also found that L. sericata colonizes in greater 

abundance on sunlit exposed carrion; however, they observed higher levels of L. illustris 

on shaded carrion. While no significant relationship was found for Calliphoridae species 

colonization of sun or shade exposed carrion, Castro et al. (2011) observed the same 

trend in Lucilia species. The finding of the current project, corroborated by these studies, 

indicates that L. sericata is likely a species that prefers colonizing sunlit exposed carrion. 

The higher abundance of L. illustris observed in the sunlit traps may have been a result 

of chance (as the frequency of collection was low at all sites), local adaptation, or may 

have occurred if the traps were partly hidden in shade during the summer months as a 

result of increased canopy cover, creating false sunlit trapping sites.  

While no significant differences were observed in collected abundance of other 

majority Calliphoridae species between sunlit and shaded traps, the results of this 

project do not necessarily indicate that no preference exists for these species. As the 

project was only performed in short intervals over six trapping days, the collected data 

may not have been sufficient to observe a significant trend. For example, Sharanowski 

et al. (2008) found that C. vicina exclusively colonized carcasses in sunlit areas in the 

spring and fall months, indicating a preference for light intense colonization sites. These 

results indicate that while species preference may occur for sunlit or shaded carrion, 

more research is needed to confirm the observed patterns and accurately establish a 

confined niche for light intensity. 
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6.8. The Confines of Field Research - Limitations of the 
Project 

The goal of this project was to document the abundance and diversity of the 

necrophagous community, specifically blow fly species, over varying seasons and 

geographic locations to compile an accurate database of information that would be 

useful in forensic entomology investigations. However, there were limitations to what this 

project was able to achieve during its time span and in the methods that were used to 

collect the data. 

It is unknown whether the collected data accumulated during this project can be 

used to predict species composition in similar environments within different regions of 

British Columbia that exist outside of the designated sample areas. Depending on the 

location, the collected data may not accurately demonstrate the species composition of 

different areas, even if they exhibit a similar habitat (e.g. rural or urban based sites). 

However, it has been scientifically proven that the majority of blow fly development is 

dominated by temperature; therefore, the data collected from this study should largely be 

transferable to cases of early carcass colonization in British Columbia environments with 

similar temperature conditions (Ames & Turner, 2003; George et al., 2013; Grassberger 

& Reiter, 2002; Mohr & Tomberlin, 2014b). In the same line of questioning, regional 

weather patterns are known to change annually; therefore, it cannot be determined 

whether these data would be applicable to the same environments in the future. Based 

on the rapid change in climate that is currently proceeding globally, it is likely that 

species within these environments will adapt to shifting temperatures (which will alter 

their active range and threshold values for survival) or will migrate to new (previously 

undocumented) regions that provide a suitable range for habitation (McCarty, 2002; 

Portner & Farrell, 2008).  

The use of three traps to produce a single sample within each environment 

negated their ability to be used as replicates within the same trapping environment. The 

analysis of the data was performed in this manner to avoid potential pseudo replication, 

however the significant differences observed in species composition over time between 

the traps as a result of microsite conditions within the trapping environments may have 

exaggerated the overall effect of geographic variation. The fact that this concept was not 

quantified within this project may have ultimately diminished the importance of the 
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statistically significant differences observed in species composition over time between 

the three trapping locations. Future studies should aim to analyse a single site with 

multiple traps to determine how influential microsite conditions may be on the recorded 

necrophagous community within a region. 

Variations in other environmental conditions such as rainfall, sunlight exposure, 

and predation can impact when blow flies arrive at and begin to colonize a carcass 

(George et al., 2013; Mohr & Tomberlin, 2014b). Therefore, these variables will influence 

the collected species composition in the traps in terms of abundance and diversity 

documented; potentially distorting results from the actual blow fly populations present 

within the environment. To counteract this limitation, traps were deployed over a nine-

month period to observe a range of temperature and the day of collection was chosen 

based on minimal risk of precipitation. Furthermore, Survey 2 allowed for an analysis of 

the influence of light intensity on the necrophagous carcass community.   

This project tested the influence of geographic location on species composition. 

However, the sites that were chosen to represent different habitat types also included a 

range of elevations. As a result, it could not be accurately determined whether 

differences in species composition between the sites were a result of the habitat type, 

elevation, or a combined effect of both variables. To test these variables separately, 

multiple different elevational locations of the same habitat type should be analyzed to 

measure the effect of elevation and multiple locations of different habitat types with the 

same elevation should be analyzed to measure the influence of geographic location. 

Future studies that follow these procedures in the British Columbia area would be able to 

more easily establish the key determinant in species composition at a sampled site. 

Weather station data also proved to be a downfall within this project. On multiple 

occasions (refer to Appendix Table A 1.5.) there were absences in recorded data for 

temperature or precipitation. Therefore, these dates had to be excluded when analyzing 

the impact of temperature on species composition over time. To counteract this problem, 

future studies should utilize data loggers at the sampled locations. Not only does this 

method ensure that temperature is being recorded on the collection date, but it also 

provides a higher degree of accuracy. For the purposes of forensic entomology, the 

nearest weather station is generally chosen to determine crime scene temperatures. 

However, if the station is a distance away from the site, or the environmental conditions 
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vary between sites, the temperatures may be slightly different within each location. 

Therefore, the weather data received from a nearby station may not always reflect the 

actual conditions that occur at a site. 

Finally, the design of the bait trap was changed during the initial months of the 

project. The starting design was believed to increase the chance of escape from the 

traps and likely decreased the perceived abundance and diversity of specimens within 

all environments during the first 3 months of collection. Overall, the total catch rate was 

quite low (n=1334) with a high perceived rate of escape, however the efficiency of the 

finalized bait trap design constructed for this study is not known as no other prototypes 

were tested in a separate survey and the number of flies captured vs. those that may 

have escaped were not documented. Nonetheless, a baited trap design has been used 

in multiple studies by entomological researchers and have demonstrated results that 

suggest that small bait traps can predict the composition of Diptera fauna in a sampled 

area as accurately as collections from carcasses would (Farinha et al., 2014; Weidner, 

Gemmellaro, Tomberlin, & Hamilton, 2017).  

The weaknesses illustrated to occur within this project provide opportunities for 

future researchers to study different aspects of the necrophagous community. By 

breaking down each element that was encountered within this project into smaller, 

individual studies, a clearer understanding of how these variables impact species 

composition during early carcass colonization can be gleaned from the collected data. 
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Chapter 7.  
 
Conclusion and Future Research 

A critical aspect of forensic entomology evidence in death investigations is to 

have current, location-specific data on blow fly species to produce results that are 

accurately representative of the necrophagous community and their environmental 

adaptations. For this reason, the main goal of this project was to document whether 

variation in necrophagous species composition occurs across different geographic 

locations over time. This research was conducted through the use of small baited bottle 

traps over a nine-month period, with the collected specimens providing an updated 

record of the local necrophagous community within the Metro Vancouver area, 

specifically highlighting the abundance and diversity of Calliphoridae, which are 

considered important forensic indicator species. Temperature and precipitation data from 

nearby weather stations allowed for an understanding of influential environmental 

variables.  

The primary question of interest in this project aimed to identify whether a 

geographic location or a seasonal period will influence the abundance and diversity of 

necrophagous insects observed within an environment. Statistically significant 

relationships were observed between variables measuring location and time against 

species. This finding allowed the null hypothesis to be rejected, indicating that the 

species composition of the necrophagous community does vary over an annual period in 

accordance with seasonal changes and that species do have preferences for specific 

geographic locations based on habitat type. This result was observed through 

differences in dominant species between sites and across different months, which 

highlighted the activity range of each captured species over an annual period. In 

conjunction with temperature data, this finding confirmed that Calliphoridae species have 

unique temperature thresholds for survival, with Calliphora species identified as being 

capable of tolerating colder environmental conditions compared with Lucilia species. 

Analysis of preferred habitat types revealed an unexpected result, with Lucilia species 

shown to prefer a rurally based locale in comparison with urban environments, 

potentially disproving their perceived nature as synanthropic organisms or demonstrating 
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a novel trend within the local environment.  Secondary research questions, which aimed 

to understand the impact of elevation, temperature, and precipitation on early carcass 

colonization were also examined. Additionally, the sex ratio of Calliphoridae colonizing a 

carcass and the reproductive ranges of gravid females revealed distinct trends between 

Calliphoridae species. 

Elevational effects on species composition revealed the same pattern as 

geographic variation, as each chosen site had a different elevation. This discovery made 

it difficult to pinpoint whether the habitat type or the elevation was the main influencer of 

species composition within a location, but showed that some necrophagous species, 

such C. latifrons, C. cadaverina, and C. vicina, may prefer higher elevation environments 

in comparison to Lucilia species.  Temperature data followed similar patterns in species 

composition to the variable of month, which indicated that seasonal variation in the 

abundance and diversity of the necrophagous community primarily occurs as a result of 

fluctuating temperatures. The influence of precipitation on early carcass colonization 

rates was unable to be properly analyzed, as there was a researcher bias in the days 

chosen for trapping to maximize collection. Sex ratios provided the expected results, 

with higher abundances of female Calliphoridae observed compared with males, which 

demonstrated the need for females to utilize carcasses for maturation of reproductive 

systems and oviposition. However, the observation of males in the traps also indicated 

that carrion serves a purpose for both sexes of blow flies, which has not been well 

established in the literature. Finally, analysis of gravidity in female blow flies indicated 

that the reproductive range of a species differs from their activity range, which creates 

distinct periods within a year where blow flies are present but unable to oviposit on 

carrion. 

The results observed in this study also allowed for the consideration of concepts 

to be employed in future research to continue expanding our understanding of the 

necrophagous community within different global regions. In general, continued studies 

on the necrophagous community need to be conducted in the same regions over time to 

update current data, as changing climatic conditions will cause species to migrate to 

previously uninhabited areas or will result in location-specific adaption of species to the 

regional environment, which may change their temperature thresholds over time.  

Additionally, while this study covered many different concepts, the amalgamation of 

these variables into a singular study made the interpretation of the results difficult when 
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attempting to focus on a particular area of interest. As mentioned, elevation and 

geographic location should be measured as separate variables within two distinct 

surveys to understand their respective influence on necrophagous species composition. 

In the same manner, a study should be conducted to understand the influence of 

precipitation on carcass colonization in the region without a bias towards a specific 

collection day, thus allowing for a random assortment of weather patterns to be 

observed. The analysis of reproductive ranges versus active ranges of Calliphoridae is a 

concept that is not well documented in the literature and requires further studies to 

confirm what implications differences between these ranges could have in our 

understanding of carcass colonization by blow fly species. The conduction of these 

studies in the future will allow for an expansion of knowledge both within the forensic and 

entomological fields regarding the behaviour and adaptations of Calliphoridae to unique 

environmental influences. 

Overall, the collection of these data increased our understanding of the 

distribution of the local necrophagous community within the Metro Vancouver region and 

highlighted the shifting dynamics that occur within differing geographic regions and 

across seasons. The data accumulated in this project have the potential to aid in criminal 

investigations that may occur in geographically similar regions of British Columbia. Using 

the information found in this project in conjunction with similarly based field studies 

conducted in the region could allow for the formation of a robust database showcasing 

the necrophagous community within distinct habitats. In future investigations, these data 

could help to determine accurate post-mortem interval estimates for recovered bodies 

using recorded temperature thresholds of locally adapted species and assist in 

demonstrating the post-mortem displacement of a body based on recorded habitat 

preferences.  
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Appendix. 

Table A 1.1.  Operationalization of Recoded Variables used in Survey 1 

Variable (Label Name) Measurement Type Recoded Values of Variables 
Species ID Categorical 0 = Angioneura spp. 

1 = Arachnida 
2 = Calliphora latifrons 
3 = Calliphora livida 
4 = Calliphora montana 
5 = Calliphora terraenovae 
6 = Calliphora vicina 
7 = Calliphora vomitoria 
8 = Calliphoridae spp. 
9 = Coleoptera 
10 = Cynomya cadaverina 
11 = Hemiptera 
12 = Hymenoptera 
13 = Lepidoptera 
14 = Lucilia illustris 
15 = Lucilia sericata 
16 = Lucilia silvarum 
17 = Lucilia spp. 
18 = Non-Calliphoridae Diptera 
19 = Phormia regina 
20 = Pollenia spp. 
21 = Protophormia terraenovae 

Location of Trap Categorical 0 = Rural 
1 = BP 
2 = SFU 

Trap Number Categorical 0 = Rural 1 
1 = Rural 2 
2 = Rural 3 
3 = BP1 
4 = BP2 
5 = BP3 
6= SFU1 
7 = SFU2 
8 = SFU3 
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Date of Collection Categorical 0 = March 18th, 2019 
1 = March 25th, 2019 
2 = April 1st, 2019 
3 = April 8th, 2019 
4 = April 15th, 2019 
5 = April 29th, 2019 
6 = May 6th, 2019 
7 = May 13th, 2019 
8 = May 20th, 2019 
9 = May 27th, 2019 
10 = June 3rd, 2019 
11 = June 10th, 2019 
12 = June 17th, 2019 
13 = June 25th, 2019 
14 = July 1st, 2019 
15 = July 8th, 2019 
16 = July 15th, 2019 
17 = July 22nd, 2019 
18 = July 29th, 2019 
19 = August 5th, 2019 
20 = August 12th, 2019 
21 = August 19th, 2019 
22 = August 26th, 2019 
23 = September 2nd, 2019 
24 = September 10th, 2019 
25 = September 18th, 2019 
26 = September 24th, 2019 
27 = September 30th, 2019 
28 = October 9th, 2019 
29 = October 14th, 2019 
30 = October 22nd, 2019 
31 = October 28th, 2019 
32 = November 5th, 2019 
33 = November 11th, 2019 
34 = November 19th, 2019 

Month Categorical 0 = March 
1 = April 
2 = May 
3 = June 
4 = July 
5 = August 
6 = September 
7 = October 
8 = November 

Minimum Temperature Continuous  Numeric, Celsius 
Mean Temperature Continuous Numeric, Celsius 
Maximum Temperature Continuous Numeric, Celsius 
Elevation (Meters) Categorical 0 = 90 

1 = 103 
2 = 330 
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Precipitation (Inches) Categorical 0 = 0 
1 = 0.01-0.10 
2 = 0.11-0.20 
3 = 0.21+ 

Sex Categorical 0 = Male 
1 = Female 
999 = Not Applicable 

Gravidity Categorical 0 = Gravid 
1 = Not Gravid 
999 = Not Applicable 

Table A 1.2.  Operationalization of Recoded Variables used in Survey 2 

Variable (Label Name) Measurement Type Recoded Values of Variables 
Species ID Categorical 0 = Angioneura spp.  

1 = Calliphora latifrons 
2 = Calliphora montana 
3 = Calliphora vicina 
4 = Calliphoridae spp. 
5 = Cynomya cadaverina 
6 = Dermaptera 
7 = Hymenoptera 
8 = Lucilia illustris 
9 = Lucilia sericata 
10 = Lucilia spp. 
11 = Non-Calliphoridae Diptera 
12 = Phormia regina 

Location of Trap Categorical 0 = Rural 
1 = BP 
2 = SFU 

Trap Number Categorical 0 = Rural 1 
1 = Rural1S 
2 = Rural 2 
3 = Rural2S 
4 = Rural 3 
5 = Rural3S 
6 = BP1 
7 = BP1S 
8 = BP2 
9 = BP2S 
10 = BP3 
11 = BP3S 
12 = SFU1 
13 = SFU1S 
14 = SFU2 
15 = SFU2S 
16 = SFU3 
17 = SFU3S 
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Date of Collection Categorical 0 = July 1st, 2019 
1 = July 8th, 2019 
2 = July 15th, 2019 
3 = July 22nd. 2019 
4 = July 29th, 2019 
5 = August 5th, 2019 

Month Categorical 0 = July 
1 = August 

 

Table A 1.3.  Descriptive analysis of tested variables in Survey 1 to determine 
normal distribution of values using skewness and kurtosis 

Variable Name (Label) Skewness  Kurtosis  
Species ID -0.455 -1.035 
Location of Trap  0.624 -1.145 
Trap Number  0.519 -0.853 
Date of Collection -0.215 -0.303 
Month -0.366 -0.008 
Minimum Temperature -1.233  0.796 
Mean Temperature -0.854  0.043 
Maximum Temperature -0.522 -0.081 
Elevation (Meters)  0.630 -1.142 
Precipitation (Inches)  3.429  9.774 
Sex  0.084 -1.996 
Gravidity 
 

-0.310 -1.907 

 

Table A 1.4.  Frequency of collection (n) of necrophagous species over time 
within all deployed traps in Survey 1 

Variable Rural1 Rural2 Rural3 BP1 BP2 BP3 SFU1 SFU2  SFU 3 
Month          
March 4 0 2 3 3 4 0 0 1 
April 8 1 3 10 0 2 0 3 1 
May 14 4 20 17 13 8 6 8 5 
June 18 3 22 35 29 25 19 4 15 
July 39 19 70 34 17 35 23 28 13 
August 41 77 99 16 19 16 26 27 13 
September 33 39 97 18 21 11 16 37 11 
October 25 20 18 0 14 7 4 4 4 
November 12 2 7 1 1 1 4 3 2 
Species          
Angioneura spp. 0 0 1 0 0 1 0 0 0 
Calliphora latifrons 11 3 27 20 15 12 12 33 9 
Calliphora livida 0 0 0 0 1 0 0 0 0 
Calliphora montana 0 0 1 0 0 0 0 0 0 
Calliphora 
terraenovae 

0 0 0 0 1 0 1 1 0 
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Calliphora vicina 26 23 47 38 26 17 21 28 26 
Calliphora 
vomitoria 

1 1 0 1 0 1 0 0 2 

Calliphoridae spp. 1 2 1 0 1 0 1 0 0 
Cynomya 
cadaverina 

3 1 1 1 3 0 4 2 3 

Lucilia illustris 13 16 41 6 3 5 0 0 1 
Lucilia sericata 49 60 41 4 5 10 2 1 4 
Lucilia silvarum 1 0 0 0 0 0 0 0 0 
Lucilia spp. 4 6 6 1 2 0 0 1 0 
Phormia regina 1 0 0 0 0 0 0 0 0 
Pollenia spp. 3 1 0 1 0 1 0 0 0 
Protophormia 
terraenovae 

0 0 0 1 0 0 0 0 0 

Non-Calliphoridae 
Diptera 

41 14 149 29 19 25 11 18 6 

Arachnida 0 0 0 0 1 0 0 0 0 
Coleoptera 0 0 0 1 1 0 1 0 0 
Hemiptera 0 0 0 0 0 0 0 0 1 
Hymenoptera 40 38 23 31 39 37 45 30 12 
Lepidoptera 0 0 0 0 0 0 0 0 1 

Table A 1.5.  Trapping locations missing weather data coverage over the duration 
of the project 

Trapping 
Location 

Date of Collection Missing Data  Number of 
Insects (n) 
Missing Data 

Percentage (%) of 
Missing Data per 
Location 

Rural August 26th, 2019 Temperature & 
precipitation 

50 7.17 

BP N/A N/A 0 0 

SFU April 29th, 2019 Temperature 1 32.85 July 1st, 2019 Temperature 22 
July 29th, 2019 Minimum 

temperature 
12 

August 5th, 2019 Maximum 
temperature 

14 

September 10th, 
2019 

Temperature & 
precipitation 

29 

October 9th, 2019 Minimum 
temperature 

1 

October 22nd, 2019 Temperature & 
precipitation 

3 

October 28th, 2019 Temperature & 
precipitation 

3 

November 11th, 
2019 

Temperature & 
precipitation 

2 
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Trapping 
Location 

Date of Collection Missing Data  Number of 
Insects (n) 
Missing Data 

Percentage (%) of 
Missing Data per 
Location 

November 19th, 
2019 

Maximum 
temperature & 
precipitation 

4 

 

Table A 1.6.  Descriptive analysis of tested variables in Survey 2 to determine 
normal distribution of values using skewness and kurtosis 

Variable Name (Label) Skewness Kurtosis 
Species ID -0.653 -0.541 
Location of Trap  0.602 -1.227 
Trap Number  0.521 -0.981 
Date of Collection -0.278 -1.210 
Month  1.227 -0.496 
Minimum Temperature -3.285  13.807 
Mean Temperature -1.393  4.133 
Maximum Temperature  0.407 -0.660 
Elevation (Meters)  0.602 -1.227 
Precipitation (Inches)  3.995  14.001 
Sex -0.455 -1.799 
Gravidity -0.832 -1.311 

 

 

 

 

 

 

 


