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Utilizing insects in legal investigations as a tool for estimating forensically

important timelines (e.g., minimum post-mortem interval (min-PMI)) is

becoming more commonly used and accepted throughout the world. In the

United States much of the climate is temperate, however, the Sonoran Desert is

an arid location with extreme heat and irregular rainfall. Work on forensically

relevant insects in this region is severely understudied. This study surveyed the

populations of forensically important blow flies (Diptera: Calliphoridae) in

Phoenix, Arizona for one year using traps baited with four different food

sources. Nine species across four genera were collected with Lucilia sericata,

Calliphora latifrons, and Lucilia mexicana accounting for 98.6% of total blow flies

captured in the baited traps. Abundance drastically changed throughout the year,

ranging from 500+ flies to 0 flies captured in a month, with species abundance

correlating with temperature and humidity. These results reveal that

environmental conditions (i.e., maximum temperature and relative humidity)

may limit blow fly activity or seasonally remove (or make inactive) entire local

populations, thus affecting their ability to colonize remains and produce an

accurate min-PMI.
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Introduction

Blow flies (Diptera: Calliphoridae) are among the first insects to arrive to a body after

death and use the decomposing remains as a food source for their offspring (Greenberg,

1991; Anderson and VanLaerhoven 1996). Since blow fly larval development stages can be

determined via morphological features (e.g., number of spiracles) and is largely

temperature dependent (Anderson 2000; Tarone et al., 2011), forensic entomologists can

readily determine how far along they are in their development and how long it took them to

reach their current stage based on local temperatures (via weather data and developmental

data sets). This allows forensic entomologists to use blow flies as biological clocks in death

investigations to estimate when the insects colonized the remains known as the time of
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colonization (TOC), and aid in determining the minimum

postmortem interval (min-PMI), which estimates the time that

has elapsed since death based on the development of insects feeding

on remains (Greenberg, 1991; Byrd and Tomberlin, 2020). While

these terms may often be used interchangeably, when insect access

to the remains is limited and causes a delay in colonization, the

min-PMI needs to be adjusted to account for that delay.

It is well accepted by forensic entomologists that the cold

temperatures associated with temperate winters seasonally limit

blow fly distributions and activity (Baumgartner, 1993; Cammack

and Nelder, 2010; Rosati and VanLaerhoven, 2007). Furthermore,

forensic entomologists regularly apply lower base temperature

thresholds at which blow fly larval development is assumed to

cease (Ames and Turner, 2003). However, no similar assumptions

or upper base temperatures exist for blow flies inhabiting hot

regions (e.g., deserts), though experiments have shown elevated

temperatures reduce blow fly survival, activity, and development

(Nicholson, 1934; Byrd and Allen, 2001; Kotzé et al., 2015; Rusch

et al., 2019; Rusch et al., 2020). Similarly, other studies investigated

the influence of temperature on blow fly oviposition and found 1)

temperature induced limits of oviposition (i.e., temperatures at

which blow flies stopped laying eggs), 2) temperature specific egg

production (i.e., differing numbers of eggs produced across

temperatures), and 3) temperature specific timing of oviposition

(Ody et al., 2017; Hans et al., 2019; Monzon et al., 2022).

Collectively, these studies shed light on how high temperature

likely alters the likelihood, timing, and intensity of blow fly

colonization. Any delay in colonization is problematic for forensic

entomologists as a primary assumption of the min-PMI is that blow

flies colonize bodies immediately (i.e., minutes to hours) upon

death (Tarone and Sanford, 2017).

The Sonoran Desert environment generally has a very low

humidity and can reach temperatures exceeding 40°C during

summer months. Information about blow fly presence and

distribution in this region is severely lacking. For example,

knowledge of calliphorid presence and activity in Arizona is sparse

with most relevant studies conducted over 50 years ago (Deonier,

1942; Savage and Schoof, 1955; Schoof and Savage, 1955; Burger,

1965) and unstudied since Baumgartner (1986) reported the arrival of

Chrysomya rufifacies (Macquart). While a variety of techniques exist

to assess important forensic species in a locale (e.g., pitfall traps,

sweep net samples over a carcass, or manual capture of arthropods

present at a carcass), bait traps remain a popular option for assessing

calliphorid presence because of their low cost and minimal labor

requirements. While the effectiveness of small bait traps compared to

carrion has not been studied in the Sonoran Desert, studies elsewhere

have suggested that small bait traps are largely an effective predictor

of early arriving flies to carrion in the same locale (Farinha et al.,

2014; Weidner et al., 2017).

A variety of different bait materials have been used to sample

calliphorids including fish, cat food, chicken gizzards, and various

types of animal liver or muscle (Brundage et al., 2011; Moretti and

Godoy, 2013; Farinha et al., 2014; Nakano and Honda, 2015;

Weidner et al., 2015), but few studies have investigated which

calliphorid species are attracted to which baits. Beef liver, chicken

liver, and pork liver are each frequently used in forensic
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entomological studies but to date no studies have compared the

three to determine whether one or a mixture of all three might

represent a superior bait trap option. Because blow flies are largely

ectothermic, we hypothesize that there will be differences in blow fly

diversity and abundance across seasons. Therefore, this study was

conducted with the following goals: 1) determine calliphorid species

present in Phoenix, Arizona throughout the year, 2) assess how

blow fly population numbers correlate with environmental

temperatures, and 3) assess calliphorid attraction to four different

bait types across seasons.
Methods

Trap design and placement

Four baited traps were placed out weekly for a single 24-hr

period across the Arizona State University West campus in

Phoenix, Arizona from beginning of June 2019 through the end

of May 2020, after which flies were collected, counted, and

identified. Trap design followed that of Weidner et al. (2015) and

included 60g of a predetermined bait consisting of beef liver, pork

liver, chicken liver, or an equal mix (20g:20g:20g) of all three baits.

Bait was frozen fresh and then thawed in a refrigerator for

approximately 24 hours before the traps were set. The location of

each bait was rotated each week to ensure the same bait was not

deployed in the same location for multiple weeks in a row. The

distance between traps ranged from 332m to 1143m. All traps were

deployed between 11am and 1 pm for approximately 24 hours as

our focus was initial colonizers of decomposing remains. Upon

removal, all adult flies were removed from the trap and frozen at

-20°C until identified.

The Arizona State University West campus is located in

northwestern Phoenix, Arizona along the border of Glendale,

Arizona. The campus is a rectangular parcel of approximately 278

acres. The campus is in a suburban environment, surrounded by

residential housing and businesses. Campus buildings are

surrounded by desert landscapes and walking paths. Traps were

situated near the four corners of campus apart from the

northwestern corner of campus, which was inaccessible due to the

presence of a large solar array. Site locations consisted of patches of

desert trees (either Prosopis veleutina or Parkinsonia spp.) situated

at least 250 m from the nearest building in areas where there was

enough cover to conceal the traps to decrease chances of

disturbances by pedestrians. Traps were suspended approximately

four feet off the ground to prevent access by scavengers and were

placed among the little-leaved foliage of the desert trees to ensure

that each trap was in filtered shade. Traps were placed in similar

types of locations to minimize landscape impacts between sites.

Temperature data were collected for the 24-hr period traps were

out from the closest station reported (6501 City of GlendaleTemp; ~

7.71km away) and rainfall data were collected from the closest

station reported (Paradise Ln. @ 47th Ave.; 2.81km away), which

were obtained from Maricopa County weather single sensor data

reports (http://alert.fcd.maricopa.gov/showrpts_mc.html) and

reflect the 24 hours that the traps were active.
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Species identification

All adult Calliphoridae were identified down to species

morphologically, using Jones et al. (2019) excluding two

specimens. The two samples were morphologically identified

down to the genus Lucilia and confirmed molecularly. Molecular

analyses were conducted following the methods of Weidner et al.

(2020). After sequencing, barcodes were compared to NCBI data

using BLAST. Voucher specimens for each species were deposited

into the Hasbrouck Insect Collection (ASUHIC).
Data analysis

To assess changes in blow fly abundances and bait preferences

across an entire trapping season, we compared the average number

of blow flies captured each month at four sites. Note, while we

collected and counted blow flies each week, our analysis uses a

resolution of month to allow for each bait type to rotate through

each site each month, thus providing an n of 4. Because several of

our trapping events resulted in capturing no blow flies, our data

were zero-inflated (69.71%). Therefore, we developed a series of

generalized linear mixed models (GLMM) to assess their levels of

over- and under-dispersion and compared them using Akaike

information criterion (AIC) and loglikelihood ratio test (Zuur

et al., 2009). Month and meat (i.e., bait type) were modeled as

fixed effects, while site was modeled as a random effect. The four

models we developed and compared were a GLMM with a Poisson

distribution, a negative binomial GLMM, a zero inflated GLMM

with a Poisson distribution, and a zero inflated GLMM with a

negative binomial distribution. After comparison, the negative

binomial GLMM was used for analysis as it had the best fit

determined by an AIC score with the lowest value, the greatest

loglikelihood, and the second-best dispersion value (see

supplemental table 1 for all values and comparisons) of the four
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models. Note, months 7 and 8 (i.e., July and August) were dropped

from the analysis as they had zero blow flies captured and had

nothing for comparison purposes. Because month was found to be

significant (see supplemental table 2), a posthoc analysis using the

package emmeans was used to compare the mean number of blow

flies by month (see supplemental table 3). To investigate which

climate variables influenced the number of flies, we developed

GLMM models containing average weekly trap day (i.e., first 24-

hr period trap was set out) relative humidity, and one of three

temperature variables (average trap day temperature, maximum

trap day temperature, or minimum trap day temperature) as fixed

effects, as well as their interactions, again used site as a random

effect, and then compared the model fit using AIC (see

supplemental table 4). Once the best temperature variable was

determined (i.e., model with maximum trap day temperature and

RH interaction; see supplemental table 4), we again developed a

series of GLMM models as described above due to zero inflation

(69.71%) (see supplemental tables 5, 6). All analyses were

performed in the software R (version 4.1.3). In addition, we

calculated the relative abundance (broken down by month) and

species richness for each season and bait type along with a Simpson

diversity index (range 0-1; 1-D formula used) for season Seasons

were defined by the calendar year and temperature (Table 1)

summer (June–August), fall (September–November), winter

(December–February) and spring (March–May).
Results

A total of 946 adult calliphorids were collected and identified

down to species. These specimens contained eight species spanning

four genera (Table 2). The most abundant species was Lucilia

sericata (Meigen) (61.0% of all flies collected), followed by

Calliphora latifrons Hough (27.5%) and Lucilia mexicana

Macquart (10.3%). Of those molecularly tested, several sequences
TABLE 1 Climatological data when traps were in the field.

Season Month Monthly Avg Temp ± SD
(When traps were out)

Average RH (%) Total monthly
rainfall (“)

Fly totals

Summer June 33 ± 1.6 16.5 0.00 2

July 35.2 ± 2.4 26.6 0.20 0

August 37.3 ± 1.0 24.3 0.91 0

Fall September 30.2 ± 4.9 41.4 0.83 1

October 24.5 ± 5.3 21.5 3.31 5

November 19.5 ± 4.8 42.8 0.35 14

Winter December 14.3 ± 1.3 59.5 0.24 2

January 14 ± 2.6 51.2 0.08 44

February 14.3 ± 3.5 40 1.61 70

Spring March 19.8 ± 1.9 50.8 2.05 139

April 24.6 ± 4.2 29.4 0.00 572

May 30.3 ± 1.7 15 0.00 97
f
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returned as >99.5% match to a series of matching known sequences

in the database. Two sequences resulted in 99.8% matches to

multiple species (i.e. L. mexicana and Lucilia coeruleiviridis

(Macquart)) and therefore cannot be reliably identified using

barcoding methods at this time. Lucilia sericata was the most

common caught fly in spring (all months but March), summer

(no flies captured in July and August), fall and one month in winter

(Figure 1). Calliphora latifrons was the most common fly January

through March (Figure 1). The species richness was greatest in the

spring (8), lowest in the summer (1) and equal (both 3) for fall and

winter. When analyzed by month, March had the highest number of

species, totaling four (Table 3). When investigating bait type, the

species composition of the predominant flies was similar across all

traps (Figure 2). However, the species richness was highest in the

chicken liver trap (7) and equal across the rest (all 4; Table 4).

The average number of blow flies differed by month (p < 0.05),

but not by bait type (p > 0.05; see supplement Table 2 for a model

summary). Average number of blow flies captured was greatest

during April and dropped to zero during July and August when

temperatures were greatest (>40°C) (Table 1; Figure 3). The most

blow flies captured in a single trap was with a maximum trap day

temperature of 30˚C (n= 91 flies; Figure 4), an average trap day

temperature of 23˚C, and a minimum trap day temperature of 14˚C

(month = April; Figures 4–6). Only three traps captured blow flies

when the maximum trap day temperature reached 40-41˚C (n=1

and n=42 flies for 41˚C, and n = 1 fly for 40˚C; Figure 4). No blow

flies were captured when the maximum trap day temperature

reached 42˚C or higher (July and August saw zero blow flies

captured with weekly trapping efforts at four separate sites;

Figure 4), even when the average and lows still reached 34 and

27˚C. The lowest trap day temperature where blow flies were

captured was 4˚C (n=2 flies in one trap one time), though the

average and maximum trap day temperatures were 11 and 18˚C.

The lowest trap day minimum temperature to capture ten or more

blow flies was 10˚C, with average and maximum temperatures of 17

and 25˚C. Similarly, relative humidity was found as a significant

predictor of blow fly abundance (see supplemental table 6). Most

blow flies were captured when the relative humidity ranged from

14-48%, with the greatest capture event (n=91 flies in one trap)

when the relative humidity was 29% (Figure 7). Very few blow flies

(n= 0-3 per trap) were captured when the relative humidity was

50% or greater (Table 1). When reviewing the predominant species,
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L. sericata was captured over a broad range of relative humidity (11-

75%) and temperatures (4-41°C). Calliphora latifrons was captured

at intermediate to high levels of relative humidity (30-75%) and low

to intermediate temperatures (5-32°C). Lastly, L. mexicana was

captured at low to intermediate levels of relative humidity (11-46%)

and at intermediate to high temperatures (13-41°C) (Supplemental

Figures 1A-D).
Discussion

The biodiversity data presented here are the first survey

examining forensically important blow flies in Phoenix, Arizona.

Three species, L. sericata, C. latifrons, and L. mexicana, consisted of

98.8% of the calliphorids sampled during this study, with the

remaining five species being captured in low numbers.

Additionally, the species-level identification of two specimens

could not be de termined beyond the genus Luci l ia

morphologically or molecularly in this study. Molecular studies

have suggested the existence of two distinct clades for L. mexicana

with specimens from Texas and New Mexico indistinguishable

from Lucilia coeruleiviridis (Macquart) (DeBry et al., 2013;

Williams et al., 2016). These findings also suggest that this is true

for at least some specimens in Arizona, but further investigation is

warranted. Although no forensically focused survey studies have

been conducted in Phoenix, in the 1950’s filth flies were investigated

across the United States, including in Phoenix. Although nearly

98% of the sample consisted of L. sericata and Musca domestica

Linnaeus, eight forensically relevant blow fly species were detected,

including L. sericata, Lucilia cuprina (Wiedemann), L. mexicana,

Calliphora coloradensis Hough, C. latifrons, Calliphora grahami,

(Aldrich), Cochliomyia macellaria (Fabricus), and Phormia regina

(Meigen) with six overlapping in this survey (Savage and Schoof,

1955). Neither C. macellaria nor C. grahami were captured during

this study, however Calliphora livida Hall and C. rufifacies were.

While L. mexicana was only mentioned as part of the 1.2% of

bycatch by Savage and Schoof (1955), it was the third most

commonly collected species in our study (10.2% of total

collection) and has been confirmed colonizing human remains in

the area (personal observation LMW). Two adult C. livida were

captured during this study, indicating small populations may be

present in the area. Although C. livida has been reported from
TABLE 2 Total number and percentage of Calliphoridae adults collected from June 2019-May 2020.

Genus Species Total collected Total percentage

Calliphora
coloradensis
latifrons
livida

1
260
2

0.1%
27.5%
0.2%

Chrysomya rufifacies 1 0.1%

Lucilia
cuprina
mexicana
sericata

unknowns

4
97
576
2

0.4%
10.3%
61.0%
0.2%

Phormia regina 3 0.3%
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Arizona in previous survey work (Burger, 1965; Tantawi et al., 2017;

Jones et al., 2019), this is the first reported record of the species from

Maricopa County. Only a single adult of C. rufifacies was captured

during this survey. Chrysyoma rufifacies was first detected in

Arizona during the early 1980s (Richard and Ahrens, 1983;

Baumgartner, 1986). The larvae of this species display facultative

cannibalism and predation. Chrysomya rufifacies often colonizes

carrion after other species, so the short deployment time for our bait

traps may have largely excluded this and other later arriving species

(Weidner et al., 2015). Phormia regina, C. rufifacies, and C.

macellaria were observed in the study area during the duration of

this experiment (GBIF.org, 2021). Their absence in our trap sample

could be due to a variety of factors. In other regions, C. rufifacies has

shown an ability to outcompete native carrion flies, including C.

macellaria, a species that has historically been common in Arizona

(Deonier, 1942; Burger, 1965; Wells and Greenberg, 1992). The

activity of C. macellaria in the area may require further study to

determine whether its absence in our study was due to trapping

methods or a drastic reduction in C. macellaria populations over

recent decades.
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Another topic that warrants attention is the lack of calliphorid

activity observed during July and August, the two warmest months

of the survey. In contrast to most forensic entomology studies

which see the summer as the height of blow fly activity, data in this

study suggests that summers in Phoenix may be too hot for blow fly

activity as populations decline when daily highs hit ~35°C and

drops to near zero at 40˚C. Temperatures averaged ~32°C and

routinely exceeded 40°C when the traps were deployed. Traps were

placed around noon, when temperatures were climbing, but still

below their peaks, thus allowing for colonization below max daily

temperatures. Most blow flies (n=25 flies+ per trap) were captured

when maximum trap day temperatures were below 40˚C (only one

trapping event caught more than a single blow fly at 41˚C) and

minimum trap day temperatures were above 12˚C, giving a range of

~29˚C for regular blow fly activity (e.g., flight and presumed feeding

and/or colonization efforts) in Phoenix, Arizona. The results of our

field study suggest local blow flies are largely restricted to flight and

consequently colonization between temperatures of 13-40˚C. These

results align with the flight temperatures observed by Nicholson

(1934) (15-40˚C) for four species of blow fly. As with temperature,

relative humidity also had a statistical effect on blow fly capture

numbers, with the majority of blow flies captured when the relative

humidity ranged from 14-48%, and the greatest capture event (n=91

flies in one trap) when the relative humidity was 29%. While

maximum trap day temperature and relative humidity (i.e., the

variables from the best fit model) did not have a significant

interaction effect, they were moderately negatively correlated

(correlation = -0.58), revealing that blow fly capture (i.e., a proxy

for activity, presence, and consequently colonization potential) was

greatest at both moderate temperatures and relative humidity levels.

While residents of Phoenix are familiar with extreme temperatures,

the frequency and duration of extreme heat events are projected to

increase with climate change (Grossman-Clarke et al., 2014). The

relationships between blow fly activity and these high heat events

are particularly important to understand because these events often
TABLE 3 Species Richness and Simpson Diversity Indices based on season and month.

Season Species Richness Simpson Index* Month Species Richness Simpson Index

Summer 1 0.0000

June 1 0.0000

July 0 0.0000

August 0 0.0000

Fall 3 0.4263

September 1 0.0000

October 2 0.4000

November 3 0.4725

Winter 3 0.4670

December 1 0.0000

January 2 0.3330

February 3 0.5089

Spring 8 0.5214

March 4 0.5034

April 7 0.4686

May 2 0.4149
* Simpson diversity index (range 0-1; 1-D formula used).
FIGURE 1

Relative abundance of blow fly species by month. Spring: n=806
(139, 570, 97 respectively), Summer: n=2 (2,0,0 respectively), Fall:
n=20 (1,5,14 respectively), and Winter: n=116 (44, 70, 2 respectively).
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cause human mortality through direct means like exposure or by

causing larger systematic issues like blackouts. Predicting delays or

total absence of colonization in these scenarios may provide an

important tool when conducting death investigations in situations

involving extreme heat.

The findings from a recent death investigation reported by

Wells (2019) described a scene in which a decedent with multiple

stab wounds was found in Las Vegas, NV, USA during the summer

and presented no carrion insect colonization or activity, even

though the body was fully exposed with blood pooled around it.

In this case, it was concluded by multiple forensic entomologists

that the reason the body had not been colonized was because either

the body had not been exposed for long enough for necrophagous

insects, such as blow flies, to find it or, that the death happened after

sunset and the body was found before sunrise, which could prevent

blow flies from finding and colonizing the body as they are largely

diurnal. While both explanations are certainly plausible, it is

important to recognize that Las Vegas, NV, USA is the #1 urban

heat island in the United States (Kenward et al., 2014) with regular

summer highs of 40-42°C (NOAA NCEI). The works of Nicholson

(1934), Rusch et al (2019; 2020), and Monzon et al. (2022) all found

that temperatures ranging between 35-42°C reduced blow fly

activity, increased knockdown probability, and decreased

oviposition probability, indicating that upper temperatures in hot

arid environments, such as Las Vegas or Phoenix summers, may

potentially limit or delay blow fly colonization.

Along with duration of exposure, bait type should also be

considered when investigating forensically relevant blow fly

populations. Brundage et al. (2011) used traps baited with beef

liver to assess blow fly diversity and abundance in central California

and captured seven calliphorid species. When Nakano and Honda
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(2015) conducted a follow-up to the Brundage et al. (2011) study in

the same area using additional baits, they captured an additional

eight calliphorid species. Weidner et al. (2017) compared New

Jersey calliphorid species that were present at piglet carcasses with

those recovered from traps baited with beef liver and found that the

three most frequently collected species were the same between both

attractants, although Protophormia terraenovae (Robineau-

Desvoidy), which was captured in sweep net samples above the

piglet carcasses, was not captured in the liver-baited traps. Moretti

and Godoy (2013) baited traps with chicken gizzard, sardines, or

beef liver to investigate the preferences of forensically relevant

insects in southeastern Brazil and found that all three of the most

prevalent calliphorid species preferred chicken, followed by fish. In

our study we found no difference in blow fly abundance by bait type

but found some variation by species presence. All predominant

species were collected at each bait, however, chicken liver collected

seven species total, while the remaining traps only captured four.

One concern with bait traps is that the summer heat and arid

conditions altered the physical condition of the bait (e.g., cooked or

desiccated), making it unattractive to blow flies in the area after a

certain time of exposure and depending on the daily environmental

conditions. However, a primary assumption in forensic entomology

is that blow flies find and colonize remains (i.e., represented by the
TABLE 4 Species Richness and Simpson Diversity Indices based on bait type.

Bait Type Species Richness Simpson Index*

Beef Liver (BL) 4 0.5054

Chicken Liver (CL) 7 0.5054

Pork Liver (PL) 4 0.6232

Mixed Liver (ML) 4 0.4974
* Simpson diversity index (range 0-1; 1-D formula used).
FIGURE 2

Relative abundance of blow fly species based on bait type. BL: n=
257, CL: n= 311, PL: n=235, and ML: n= 141.
FIGURE 3

Average number of blow flies captured (grey boxes and left y-axis)
with the trap day (24 hour window) average (yellow line), minimum
(blue line), and maximum (red line). Error bars are the standard
deviaition of each month’s average number of captured blow flies
from all four trap sites.
FIGURE 4

Number of blow flies by average trap day (24 hour window)
maximum temperature. Boxplots represent median number of flies
with 1.5 x Inter quartile range.
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meat in our traps in this study) almost immediately upon death (e.g.,

minutes to hours). Thus, nearby blow flies should still have found our

traps before the bait was cooked or desiccated as they did in all other

(cooler) months. Because zero blow flies were caught in our baited

traps for two entire months (with some days cooler than others), we

suggest that this may be another “not by the book” scenario (Owings

et al., 2022) of delayed blow fly oviposition due to the high

temperatures and dry conditions experienced during summer

months in Phoenix, Arizona. Such environmental conditions may

have been too extreme for blow fly colonization. Because traps were

deployed near the heat peak of the day, future Sonoran Desert studies

should investigate whether trapping at different parts of the day might

yield different results. Mohr and Tomberlin (2014) found time of day

to be an influential variable on carcass attendance. While those

studies were performed in a more humid, less heated (< 38.2°C)

environment, if blow flies in the present study were active during the

cooler hours of morning or evening (but not active during the heat

peak of the day), the bait may have been dried out and become less

attractive by the time they were active.
Conclusion

Decades ago, Deonier (1940) first examined aspects of

calliphorid thermal biology, focusing on the minimum

temperature requirements for calliphorid activity in Arizona.
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Today, we consider the importance of examining the other

extreme of blow fly thermal biology. Little work preceded Deonier

(Nicholson, 1934) or followed (Stavenga et al., 1993; Ngoen-klan

et al., 2011; Lutz et al., 2019) and no work assessing blow fly activity

due to climatic conditions (e.g., temperature and humidity) has

been done in hot, arid, desert environments such as Arizona.

However, some laboratory studies have begun examining the

upper thermal limits (e.g., oviposition) for populations of adult

blow flies in other regions within North America (Ody et al., 2017;

Hans et al., 2019; Monzon et al., 2022), including some studies on

warm-weather species (e.g., C. rufifacies and C. macellaria) from

warm, but humid locations (i.e., Texas, USA); adult flies were

exposed to a variety of temperatures for varying lengths of time

to assess their survival and “knockdown” (i.e., the point at which an

organism can no longer effectively locomote and remain upright)

following exposure to elevated temperatures (Rusch et al., 2019;

Rusch et al., 2020). Flies of both species show sharp increases in

knockdown and sharp decreases in survival when exposed to

temperatures above 40˚C, with nearly 100% knockdown and 0%

survival when exposed to 45˚C, thus providing a narrow range of

temperatures for their upper thermal tolerances. Such findings

should be concerning to forensic entomologists when predicting

forensically important timelines, such as the time of colonization

(TOC) as related to the min-PMI (i.e., time since death). A

temperature-induced delay in colonization extends the pre-

appearance interval, which is often assumed to be minimal (i.e.,

minutes to hours) or zero in estimates of the postmortem interval

(Wells, 2019; Byrd and Tomberlin, 2020). However, understanding

the temperature-colonization relationships should improve

estimates of the pre-appearance interval much in the way

continued studies of the temperature-development relationships

of larval blow flies helps improve estimates of the TOC. Because of

climate change, extreme high heat events are occurring and

expected to continue to occur with increasing frequency across

the desert southwestern United States (Raymond et al., 2022). While

the most extreme effects may be seen in the desert, Arizona is a

highly diverse state, and temperatures are rising across its deserts,

mountains, rivers, and forests. Concurrently, the late summer

monsoons that typically bring relief to these regions are often

delayed or even entirely absent (McCoy et al., 2022), resulting in

increased duration of these extreme temperatures. Blow flies are
FIGURE 5

Number of blow flies by trap day (24 hour window) minimum
temperature. Boxplots represent median number of flies with 1.5 x
Inter quartile range.
FIGURE 6

Number of blow flies by average trap day (24 hour window) average
temperature. Boxplots represent median number of flies with 1.5 x
Inter quartile range.
FIGURE 7

Number of blow flies by average trap day (24 hour window) relative
humidity (RH). Boxplots represent median number of flies with 1.5 x
Inter quartile range.
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already the product of extreme specialization as a result of their

exploitation of a highly competitive resource, but in the desert

southwest, they must also confront temperatures that approach the

very limits of their survival. Considering the diversity of the state,

the presence of a successful invasive species with a history of

displacing competitors in C. rufifacies, and the highly specialized

nature of blow fly biology, rigorous study of this region could reveal

a wealth of information related to the responses and dynamics of

sensitive species to rising global temperatures across much of the

southwestern United States.
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