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Materials and Methods  

 

A hanging trap was placed in a location representative of a hardwood forest edge habitat in early 

May 2021 in order to estimate the number of traps needed to collect an appropriate amount of 

data. Based on activity levels observed, the initial method was to place six traps – two at each of 

the three sites (the exposed bedrock site was removed from consideration due to temporary 

inaccessibility from road construction)(Supp. Figure 1). The lakeshore/dune site was also 

removed from the study due to a delay in permitting, which could not be acquired in time for the 

study to begin one month behind schedule. After adjusting for these unexpected problems, the 

study was finalized with three traps at both of the two sampling locations (mixed hardwoods and 

fragmented wetland). At both locations, traps were arranged in an equilateral triangle with sides 

of 20 meters.  

 

Specimens were captured using a compact combination 

trap which houses a hanging inverted cone trap and a 

simple pan trap; the trap is enclosed in chicken wire to 

prevent vandalism and predation (Figure 1). Each trap 

was baited with 150 g of calf liver. Pan traps were filled 

with a mixture of eco-friendly dish soap and water. Traps 

were emptied once per day for 14 days between 1000 

and 1200 hours. At this time ambient temperature was 

collected with a thermometer (shaded from wind and 

direct sun with a clipboard) approximately 1.5 m above 

the center of each plot. Soil temperatures were taken by 

inserting a thermometer approximately 7 cm into the soil 

at the base of each trap. Information on wind speeds and precipitation for each day were 

gathered from the nearest weather station, KMICALUM7. Specimens were batch stored by trap 

ID in 70% alcohol when necessary and refrigerated until processed. Forensically important 

Dipterans were identified to genus when possible, other dipterans were identified to family or 

subfamily. Identifications were made using keys from The Manual of Nearctic Diptera volumes 

1 and 2 (McAlpine 1981; McAlpine 1987) and the Canadian Journal of Arthropod Identification 

(Marshall et al. 2011). A small number of non-dipterans were collected which were identified to 

Figure 1. Enclosed combination insect  

collection trap. 
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order or family as necessary. 

 

A total of 82 batch samples were collected across 14 days. Due to time limitations and an 

unexpectedly high insect abundance, only the first 9 days of complete hanging trap data (52 

samples, 5,082 insects) and counts of large beetles from genera Nicrophorus, Nicrophilus, and 

Onthophagous from pan traps (first 9 days) were used for analysis. Disturbance from predation 

or weather occurred twice at site W2 - samples 618W2H and 619W2H were removed from 

analysis. Observational notes were taken summarizing insect groups from the pan traps which 

were not quantitatively sorted. Broad data trends and descriptive statistics were analyzed and 

visualized using Microsoft Excel software (Microsoft 2018). Pearson’s r values were calculated 

to assess possible relationships between insect abundance and environmental conditions. A 

review of relevant literature was conducted to compare and contextualize results within the 

context of forensic and decomposition studies and to propose further avenues of investigation. 

 

Results 

 

Summary Conditions 

 

Calliphoridae were the most well 

represented family of dipterans, 

comprising 88.3% of the total individuals 

collected; there was no significant 

difference between the proportion of 

Calliphorids at the mixed hardwood and 

wetland sites (87.1% and 88.4% 

respectively). Muscidae were the second 

most abundant family at both sites, 

comprising 9.83% of all individuals 

(10.1% at hardwoods and 8.8% at 

wetland). All other families accounted to a 

proportion of approximately 1% or less at 

both sites (Fig. 2.1-2.3).  

Figure 2.1. Proportional display 

of the sum of Diptera collected in 

hardwood and wetland plots, 

arranged by family. Total 

individuals = 5,082. 
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The ambient temperature at both sites trended negatively through day five, then increased each 

day through day nine in a U-shaped pattern, with final day temperatures slightly higher than at 

the onset of sampling. Soil temperatures were also highest on the day nine and lowest on day 

five but varied less than ambient temperatures (Supp. Figure 2). Diptera abundance and air 

temperature were weakly positively correlated at all hardwood sites and wetland sites W1 and 

W2. Abundance and soil temperature were 

weakly positively correlated at hardwood 

sites H2 and H3 (Table 1). Ambient 

temperatures at the hardwood site ranged 

from 8.3 to 30.0 °C; soil temperatures ranged 

from 11.9 to 23.7 °C. At the wetland site, the 

range of ambient temperatures was 12.0 to 

36.4 °C and soil temperatures 14.2 to 34.7 

°C. ~2.5 cm of rain fell on day five; 0.25 cm 

fell on day eight.  

 

Non-dipteran insects were collected at low abundances in the hanging traps. Ants (Hymenoptera: 

Formicidae), harvestmen (Opiliones), and moths (Lepidoptera: Pyralidae and Erebidae) were 

common bycatch at both sites. Weevils (Coleoptera: Curculionidae) were occasionally caught at 

the hardwood site but not at the wetlands, while grasshoppers (Orthoptera: Acrididea) and 

damselflies (Odonata: Zygoptera) were not found at the hardwood site but were relatively 

Figure 2.2. Proportional display of sum of Diptera 

collected in hardwood plots. Total individuals = 4,053 

Figure 2.3. Proportional display of sum of Diptera 

collected in wetland plots. Total individuals = 1,029 

Table 1. Pearson’s r values for the relationship 

between insect abundance and temperature. Days 2 

and 3 from site W2 were discarded from analysis due 

to trap failure. 
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common at the wetland site. Dipterans were the most abundant group of insects caught in pan 

traps at the hardwood site, with blowflies (Diptera: Calliphoridae) very well represented. 

Forensically important beetles common in pan traps at the hardwood sites were Nicrophorus 

spp., Necrophila sp., and rove beetles (Coleoptera: Staphylinidae). Calliphorids and other 

dipterans were represented in the majority of pan traps at the wetland site, however the 

abundance of dipterans (and arthropods in general) was very low compared to the hardwood site. 

The abundance of eggs laid into pan traps was also significantly higher at the hardwood site. 

Rove beetles were occasionally found at the wetland site, but while Nicrophorus spp. And 

Necrophila sp. were not represented, this site was characterized by the presence of dung beetles 

(Onthophagus sp.). Bycatch of non-forensically important insects and arthropods was very 

common and reflected arthropod communities which would be present in those habitats under 

normal circumstances. Slugs were present in moderate to large numbers in every pan trap in the 

hardwood site, whereas grass spiders (Agelenopsis sp.) were very well represented in the 

wetlands. Ants were a common and abundant catch at both sites.  

 

Liver decomposition 

 

Flies were present in large numbers within 24 hours of placing the traps. Insect presence 

observed on the bait at collection time remained high through day five, petering off when the 

bait became dry or brittle at the surface. Beetles were occasionally observed on the bait but were 

most active on the soil beneath. Ants were also observed on the bait in low numbers during the 

entire duration of the sampling period. Slugs were never observed on the bait despite being 

present to the point of obstruction at the hardwoods site. Most of the visible change in bait 

condition occurred within the first nine days of sampling. During the first four days, mass was 

slightly reduced, surface moisture was mostly removed, and the colors became less vibrant. Cold 

weather and rain on day five added moisture and gave a spongey texture to the surface of the 

liver which lasted up to 24 hours before reverting to its previous leathery appearance. On day  

9 some of the liver became covered in a grey dust or bloom. Change between day nine and day 

14 included further reduction of mass, but little to no visible change to surface moisture, texture, 

or color (Figure 3). Eggs were present on each piece of bait for all 14 days of sampling.  



PRELIMINARY SURVEY OF INSECT COMMUNITIES ON CARRION 

7  

  

Calliphorids were the first dipteran group observed, with some individuals arriving as early as 

trap set-up on day zero. Both abundance and distribution of forensically important calliphorids 

were similar over the first 24 hours. Abundance fell over the first 72 hours then remained very 

low at the wetland site, whereas abundance remained high for the first 72 hours at the hardwoods 

site, then peaked on day 8 with ambient temperatures. The proportion of Chrysomyinae 

individuals (majority Phormia spp.) surpassed Lucilia sp. (Luciliinae) only on the day of steep 

temperature increase (Figure 3).  

At the hardwood plots, a variety of Muscidae were present in nearly every trap but did not 

exhibit a specific trend. Other flying insects which were observed at low numbers but with high 

consistency were Dryomyza sp. (Dryomyzidae), medium sized ants (Formicidae), and mosquitos 

(Culicidae). (Supp. Figure 3) At the wetland site, 43.5% of all Dipterans collected were 

collected within the first 24 hours, 40% of which were Calliphorids. The first muscid flies 

arrived by day two and were common at the wetland site thereafter; Phaonia, Azelia, and 

Coenosia were well represented genera. Individuals from rare or incidental groups were 

collected more commonly towards the end of the sampling period (Supp. Figure 4).  

 

Figure 3. Progression of decomposition of calf liver at 24 hours, 9 days, and 14 days at hardwoods (H) and wetland 

(W) sites. 
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At the hardwoods site, burying beetles (Nicrophorus) arrived early and in increasing numbers 

over the first 72 hours; little activity was seen during days 4-7 when temperatures were low 

(Table 2). The majority of individuals were collected on day nine. Carrion beetles (Necrophila) 

were mostly present towards the end of the analyzed sampling period. Dung beetles in the genus 

Onthophagous were the only non-rove or dermestid beetles found at the wetland site; they were 

present throughout sampling with a large peak in abundance on day seven. 

 

Table 2. Sum of forensically important beetles analyzed from pan traps over 9 days of decomposition. 

Necrophila 
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Discussion  

Key Species and Groups of Interest 

 

Sequences of insect succession are predictable but are affected by time of year and habitat type, 

as well as the timing of sampling (Sharonowski et al. 2008). Nine days of sampling during the 

bloat stage was not long enough to reveal patterns of succession at these sites, however a 

community of forensically important insects was identified which may assist in future studies 

(Supp. Table 1).  

 

Diptera  

Subfamilies of Calliphoridae which are of forensic importance include Calliphorinae, Luciliinae, 

and Chrysomyinae (Marshall et al. 2011). The most common species sampled from each 

subfamily are Calliphora vicina, Lucilia sericata, and Phormia regina. In a 2017 survey of adult 

Calliphoridae in the Great Lakes region, the species Phormia regina and Lucilia sericata made 

up 88.5% of all individuals (Babcock, Pechal, & Benbow, 2019). In Houghton County, this 

survey measured 94.3% of calliphorids being from the subfamilies Chrysomyinae and Luciliinae 

(of which P. regina and L. sericata are the overwhelming majority) so these results align well 

with those from a similar, local region. Calliphoridae from the genera Calliphora, Phormia, and 

Lucilia are usually the first to arrive to carrion in this region (Sharonowski et al. 2008; Pastula 

and Merritt, 2018). In Michigan, P. regina is highest in abundance early in the summer across a 

variety of landscapes (Babcock et al. 2019). If this survey were to extend into July and August, it 

is expected that the proportion of Luciliinae calliphorids would steadily overtake Phormia (and 

thus all Chrysomyinae as P. regina is the dominant species represented in this group). In 

Canada, the development of L. sericata is significantly slower under the stress of fluctuating 

temperatures (Anderson 2000). C. vicina has also shown delayed development in fluctuating 

conditions in Britain, however, these patterns are not observed in closely related species in 

different regions; so it’s possible that regional adaptation may determine the temperature 

hardiness of calliphorid larvae, and information gathered from neighboring regions may not be 

comparable enough for use in delicate calculations such as post mortem intervals (Erzinclioglu 

1996; Dillon 1997). 
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The number of Muscidae collected across different genera was not enough to perform statistical 

analysis, however the majority of genera collected were also present in other studies of Diptera 

on Carrion which occurred in the same region. Genera sampled in this survey as well as a survey 

in Saskatchewan from Sharanowski et al. (2008) (which used whole pig carcasses) include 

Phaonia, Hydrotea, Musca, Fannia, and Morelia, with the latter two being rare occurrences. 

Identifying Muscidae to genus and species is difficult, especially in the case of partial or 

damaged specimens. The succession of muscid flies on remains is forensically important, but 

because of its difficulty new methods are being proposed to assist in the process of analyzing 

samples (Grzywacz et al. 2017). Muscidae will not be discussed in depth because the amount of 

damaged or difficult-to-identify samples was high, especially in genera such as Phaonia and 

Helina, which could not be consistently identified by Grzywacz et al. (2017). 

 

Sarcophagidae are commonly found at carrion, however the family tends to be represented by 

few species in Northern regions, with this survey and others reporting mostly the genus 

Sarcophaga (Sharanowski et al. 2008; Pastula and Merritt, 2018). Sarcophaga are unique in that 

the females deposit live larvae on carrion which develop extremely quickly in warm 

temperatures – pupating after only 3-4 days and emerging as an adult after a further 7-12 days ().  

 

Coleoptera 

In Upper Peninsula forests, Nicrophorus individuals peak early in the summer, and again during 

late summer, while Necrophila americana displayed “Erratic fluctuations” when surveyed by 

Werner and Raffa (2003). Necrophila being rarely present in pan traps then showing up en 

masse on day eight supports the habit of erratic abundance. Mid-June is considered early in the 

summer in the Upper Peninsula, so the numbers of Nicrophorus collected may be representative 

of an early summer peak in abundance. The successful reproductive cycle of burying beetles 

depends on male Nicrophorus locating a suitable small carcass, preferably one which is not 

already occupied by other scavenging species (Kalinova et al. 2009). That need combined with 

their ability to detect decomposing carrion from distances of several kilometers means that they 

are often the first to arrive on fresh carrion (Smith and Heese 1995; Petruska 1975).  

 

In a Northeastern US forest, Onthophagus hecate presence on carrion is null to minimal in April 

and May, peaking in June and July and remaining high through late summer (Shubeck et al. 
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1977). Onthophageous species colonize carrion at different rates in sunny vs shaded habitats 

(Hobischak et al. 2006), however not enough data was collected to determine whether this was 

also true at the wetland sites surveyed. This genus represented approximately 2% of all 

Coleoptera on carrion for Shubeck et al. (1977); though not high in abundance, they are frequent 

steady visitors to both carrion and feces. This genus was expected to display less of a succession 

pattern than the key hardwood beetles as Onthophagus are dung beetles and do not rely on 

carrion as strongly.  

 

Hymenoptera 

Ants have been found to scavenge on the livers of pigs, and additionally will predate on the eggs 

of flies laid on liver (Nappi 2018). Nappi (2018) extrapolated a predation rate of 0.02 g of eggs 

per ant per day. While ants were not assessed as a forensically important component of the insect 

community, ants may be considered important predators of forensically important insects, 

potentially delaying or reducing blowfly colonization when present at high enough levels, or as a 

variable which directly affects the decomposition rate of a carcass through mass reduction. Ants 

may also indirectly affect the process of decomposition via the construction of nest mounds near 

carrion (Eubanks et al. 2019). 

   

Habitat and Site Fragmentation 

While a weak positive correlation was found between Diptera abundance and air temperature at 

most sites, plot 3 at the wetland site (W3) did not show a correlation between temperature and 

insect abundance. Plot 3 is unique in that it is the only plot which is not protected on any sides 

by vegetation. In fragmented habitats, areas of patches are subjected to larger swings in 

temperatures, solar radiation, and wind speed (Formen 1995). It is possible that no correlation 

exists here because weather conditions don’t stabilize similar to other plots, or that the period of 

data analyzed was not long enough to reveal a pattern at this more volatile site. The reason 

relationships were more difficult to determine at the wetland site may be that temperatures are 

more variable in habitats with high structural heterogeneity due to microclimatic effects; 

microclimate in the understory and vegetation layers is an important driver of ecosystem 

processes that occur underground (Chen et al. 1999). The action of dung beetles and burying 

beetles on and below carrion is an ecosystem process which may be heavily affected by soil 

temperatures and microclimatic effects. If the data from pan traps was processed (which would 



PRELIMINARY SURVEY OF INSECT COMMUNITIES ON CARRION 

12  

  

quantify the community of Coleoptera and other ground-dwelling insects), relationships between 

insect communities and soil temperature would add important context to the effects of landscape 

structure and microclimate on the decay process in this survey.  

 

In addition to weaker relationships between insect communities and environmental factors, 

abundance and diversity of insects were significantly lower at the wetland site. The 

characteristic of shoreline areas exhibiting lower diversity and abundance of insects than 

temperate wooded habitats nearby was also found by MacKenzie and Kaster (2004) who 

conducted a survey in Green Bay, Wisconsin, an area with similar weather and vegetation, 

approximately 320 km southeast. They suggest that increased predation by animals like birds 

and fish in wetland areas may explain a small amount of the reduction (Merritt et al. 2002). 

Whiles and Goldowitz (2001) and Neckles et al. (1990) found that periods of extreme weather 

events that cause high water levels negatively affect insect populations, reducing their numbers. 

Reduced dipteran abundance at the wetland site could also be partially explained by a severe 

flood that occurred in June 2018 (termed a 1000-year-event) which washed out large areas of 

earth, including roads, homes, and the boardwalk system which ran through parts of the Nara 

wetland which were sampled for this survey (National Weather Service). In Oklahoma, a ‘100-

year’ flood caused a drastic reduction in the invertebrate community, resulting in “a 93% 

decrease in abundance, a 60% decrease in species richness, and a 64% decrease in biomass” 9 

months after the event (Roeder et al. 2018). It is unclear how long it takes sensitive communities 

to fully recover from extreme disturbances; it’s possible that the current conditions at the 

wetland site are different than 3 years ago and if so, that they will continue to change as the site 

recovers. 

 

Survey Limitations 

 

This survey was designed to gather preliminary data on the composition of forensically 

important insects in Northern hardwood forests and forested wetlands and how it changes over 

the course of the summer. While a fairly comprehensive survey of Diptera was accomplished 

which covers the early summer period, many goals were not accomplished and a number of 

questions were raised about whether errors were made in its design and implementation. Insects 

were collected for 14 days, however only the first nine days of insects were analyzed due to time 
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constraints. As insect diversity may be higher during intermediate stages of decomposition 

(Benbow et al. 2013) nine days of data may not be long enough to reveal accurate patterns of 

succession. The choice of sampling in mid-June was appropriate, as key species for the locality 

are present by this time, however temporal patterns of Diptera abundance within summer months 

suggest that the results could not be accurately compared to any decomposition which occurs in 

mid-July or August (Babcock et al. 2019) so the survey would need to be repeated to provide 

information for mid- and late-summer periods. The use of mesh enclosures was mostly 

successful in preventing predation or other damage to the bait or traps. Muñoz-Lozano et al. 

(2019) suggest that the development of insect communities on carrion are well supported by the 

absence of vertebrate scavengers. On one hand, decomposition of carrion which is not subjected 

to predation may process more slowly; a longer decomposition period supports a more diverse 

insect community (Muñoz-Lozano et al. 2019). However, removing vertebrates from the survey 

emulates an environment where there is little to no insect mortality from vertebrate predation, 

which can increase the abundance of insects important to the decomposition process, speeding 

up certain aspects of decomposition. Therefore, this survey likely does not emulate the natural 

conditions that would be expected in these habitats, so the insect community surveyed may not 

be directly comparable to what would be sampled from natural carrion. The design of the traps 

was highly efficient in collecting a large number and variety of individuals, however the rate of 

sampling (once per day) may have had detrimental effects on assessing succession by inhibiting 

natural reproduction. Sampling at rates ≤ 5% of larvae per day have been shown to alter 

community composition (Michaeud and Moreau 2013). While this survey only sampled adults, 

the structure of the hanging trap prevented captured gravid females from ovipositing while the 

placement of the pan trap directly below the bait allowed eggs laid on the bait to fall or wash off 

into the pan trap to be discarded. In future study, rearing a proportion of eggs which flow into 

the pan trap may improve the accuracy of community composition data. While the choice of 

beef liver is recommended by some studies for forensic use (Moretti and Godey 2013; 

Matuszewski et al. 2016), others suggest that it raises concerns about comparability to natural 

carrion (Weidner et al. 2017). Some genera sampled in this survey (Chrysomya, Lucilia) have 

been shown to have a significant preference for chicken liver and fish (sardines) over beef liver 

when choosing where to lay eggs (Moretti and Godey 2013). The populations of two of the most 

prevalent species on carrion (L. sericata and P. regina) as well as L. coeruleviridis were shown 
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to be comparable when sampled from beef liver as well as whole vertebrate remains (Weidner et 

al. 2017). Weidner et al. suggest that it’s in the species which are uncommon components of the 

decay community (<1% of abundance) where comparisons between beef liver and organic 

carcasses cannot be made. An interesting observation was that Protophormia terrenovae, a 

common species found on carrion (and especially common in this region as it’s the most cold-

tolerant calliphorid), was never observed laying eggs on beef liver and seems to have an 

aversion to ovipositing in this tissue. This presents an issue with using small amounts of organ 

tissue as a bait beyond exploratory surveys as key indicator species may be underrepresented, 

especially if larvae is to be sampled. The size of an animal has little to no effect on the onset of 

bloat stage, so in sampling very early stages of decomposition the use of a small amount of liver 

should have been sufficient to assess insect community composition (Matuszewski et al. 2016).  

 

Conclusion and Future Study 

The proposal for this study cited opportunities for expansion as the addition of more habitat 

types and times of year. While large scale surveys of insect communities on carrion would do 

much to add local knowledge about saprophagous communities for ecological and forensic 

purposes, it is clear that further study is needed to identify presence, habits, and patterns of 

succession for individual key species. Pitfalls in this survey included a lack of knowledge about 

how fragmented landscapes would hinder the statistical relevance of data, as well as how fragile 

insect communities may be to disturbance. The Upper Peninsula of Michigan contains a lower 

diversity of insects which are able to thrive in unique habitats and in the presence of rare 

climatic conditions. The goal of this project was to add to the body of scientific knowledge of 

local community composition of insects on carrion, however the outcome was a body of 

questions which emphasize the need for more research on ecological processes which occur in 

these unique habitats.  
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Supplemental Figures 

Supplemental Figure 1. Location of Hardwood and Wetland survey sites in Houghton County, Michigan. 

 

Supplemental Figure 2. Temperature of air and soil (⁰C) at each sample plot across nine days of decomposition. 
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Supplementary Table 1. Summary table (representative, but not exhaustive) of Dipteran species collected by 

hanging trap at hardwood and wetland sites between June 17th-25th, 2021 


