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Abstract Understanding the onset and duration of adult
blow fly activity is critical to accurately estimating the period
of insect activity or minimum postmortem interval (minPMI).
Few, if any, reliable techniques have been developed and
consequently validated for using adult fly activity to deter-
mine a minPMI. In this study, adult blow flies (Diptera:
Calliphoridae) of Cochliomyia macellaria and Chrysomya
rufifacies were collected from swine carcasses in rural central
Texas, USA, during summer 2008 and Phormia regina and
Calliphora vicina in the winter during 2009 and 2010. Carcass
attendance patterns of blow flies were related to species, sex,
and oocyte development. Summer-active flies were found to
arrive 4—12 h after initial carcass exposure, with both
C. macellaria and C. rufifacies arriving within 2 h of one
another. Winter-active flies arrived within 48 h of one another.
There was significant difference in degree of oocyte develop-
ment on each of the first 3 days postmortem. These frequency
differences allowed a minPMI to be calculated using a bino-
mial analysis. When validated with seven tests using domestic
and feral swine and human remains, the technique correctly
estimated time of placement in six trials.
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Introduction

When an animal dies, it attracts a variety of scavengers that
break down the body and return its nutrients to the soil [1].
The preeminent mechanism of that mechanical breakdown is
the feeding of immature arthropods such as blow flies
(Diptera: Calliphoridae). Although the mobile adult insects
arrive before their progeny, blow fly larvae have predictable,
thermally dependent development, which can be used to esti-
mate a “postmortem interval” (PMI) [2]. Therefore, most
existing research on insect/carcass interaction has focused on
the immature stages in studies with human decedents [3, 4],
dogs [5], and swine [6]. In contrast to a strictly developmental
perspective, however, Tomberlin et al. [7] described the insect
activity on a carcass as a series of physiological and behav-
ioral responses of insects to specific cues provided by the
carcass and its associated microbial flora. In this interaction-
based framework, carrion use by insects is dictated by the
process of neurosensory detection and behavioral activation,
followed by searching and location of the carcass prior to
colonization, defined as the period of insect activity (PIA)
[7]. The portion of the PIA encompassed by the initial detec-
tion of carrion by an adult insect until colonization is defined
as the pre-colonization interval (pre-CI). The pre-CI is little
understood although recent work by several authors has
shown that factors such as temperature, humidity, and wind
speed can have a significant impact on the duration of the pre-
CI in species such as blow flies [§—11] and beetles [12, 13].
Adult insects represent the most mobile phase of the arthropod
carrion breakdown community, controlling overall geographic
distribution, patch-based species interactions, and aggrega-
tion. Mobility also influences the speed at which individual
insects can reach any given carcass and colonize it.

Adult insect behavior can be highly variable, based on
species ecology and biology. From a decomposition ecology
perspective, central Texas makes an excellent study system.
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The extreme high heat of the summer promotes rapid decom-
position, while the mild winters prevent frozen preservation.
Approximately ten species of Calliphoridae are known to
inhabit carrion in Texas with variable seasonal occurrence
[14]. Two particularly important summer-active species are
Cochliomyia macellaria (F.) (Diptera: Calliphoridae), the na-
tive secondary screwworm [15, 14], and Chrysomya rufifacies
Macquart (Diptera: Calliphoridae), the invasive hairy maggot
blow fly. This species is facultatively predacious and canni-
balistic as third instars, and its apparent intraguild advantage
may be shifting the geographic distribution and population
size of other native blow fly species [16—18].

In the winter, two commonly encountered blow flies are
Calliphora vicina Robineau-Desvoidy (Diptera: Calliphoridae)
and Phormia regina Meigen (Diptera: Calliphoridae). C. vicina
is the most cold hardy of the local flies, active even in the depth
of winter [15]. P. regina is a widely distributed blow fly, active
in both spring and summer in colder climates. This species is
one of the more generalist blow flies, accepting much older
carrion as a colonization site than other species [15, 19, 20].

Because baseline pre-Cls are not known for local blow fly
species, a primary purpose for this study was to document the
duration of the location phase and the timing of initial appear-
ance at a carcass. By allowing a better estimation of pre-CI for
species encountered during casework, forensic entomologists
can better calculate minimum postmortem intervals (minPMI),
encompassing both the pre-CI and post-CI portions of the
period of insect activity or minPMI [7]. A further purpose of
documenting adult blow fly behavior was to record some of the
physiological factors that underlie carcass attendance by
blow flies. Once known, the patterns of carcass attendance
might be linked with a deeper ecological explanation such as
interspecific competition or pathogen avoidance [21]. Such
underlying ecological, genetic, or fitness-based reasons stabiliz-
ing a behavior or biological process allow the behavior or
process to be predictable within certain bounds. Finding pre-
dictable trends in carrion-associated insects and linking them to
ecology is a great goal of forensic entomologists striving to
meet the recommendations of the 2009 National Academy of
Sciences/National Research Council (NAS/NRC) report on
forensic science [7]. Of particular interest is the development
of quantitative, stochastic, or probabilistic methods for estimat-
ing portions of the PMI. As adult blow flies typically represent
the first insects to arrive at a fresh cadaver, their behavior could
be useful in allowing the development of an analytical tech-
nique by which the pre-CI can be estimated. Aside from being a
powerful technique in its own right, estimations of PIA based
on adult blow flies would be useful for recently exposed ca-
davers, where the small size of larvae, or lack thereof, impedes
identification and application in forensic casework [22]. As part
of the development of any technique, particularly one used in
forensic science, the useful limits, proper application, and val-
idation must be investigated. Therefore, the third objective of
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this study was to test and validate a novel method of PIA
estimation based on the ovarian physiology of adult blow flies.

Methods

For each trial, three 60—80 kg white commercial swine (Sus
scrofa domesticus L.) were obtained from a commercial abat-
toir. Each pig was killed by humane cranial trauma to avoid
any tranquilizer effects [23] and to better mimic traumatic
human death [24]. The Texas A&M University Institutional
Animal Care and Use Committee required no animal use
protocol, as the swine were deceased at the time of acquisition.
The experimental animals were killed at approximately 07:30
for the summer trials and 09:30 for the winter trials. Within 1 h
of death, the swine were placed in rural pasture near Snook,
Texas (30° 26’ 14" N/96° 25’ 12" W). Each pig was placed in
full sun along a north/south line approximately 40 m apart. To
prevent nocturnal vertebrate scavenging, carcasses were placed
beneath a wire cage each evening. For the summer trials, trial 1
was conducted from 7 to 9 August 2008 and trial 2 from 5 to 7
September 2008. For the winter, trial 3 was conducted from 7 to
13 January 2009 and trial 4 from 24 February to 7 March 2010.
Following pig placement, blow fly collection was attempted
at hourly intervals between sunrise and sunset [25] as both
preliminary observations and other authors have found only
negligible nocturnal fly activity before sunrise or after sunset
[26]. Standard collections consisted of ten targeted sweeps of a
21-cm aerial net made within 30 s over each carcass. Flies thus
collected were preserved immediately in ~80 % ethanol.
Observations were continued 3—14 days postmortem until
calliphorid third instars were observed on all carcasses, as this
stage typically would be identifiable to species level by a
forensic entomologist and readily applied to an investigation.
In the laboratory, individual flies were removed from the
ethanol and externally dried before identification by species
and sex. Those belonging to family Calliphoridae were weighed
to 0.0001 g with an Adventure-Pro AV64 Ohaus scale (Pine
Brook, NJ, USA). To assess physiological development state, the
ovaries of female flies were dissected using Anderson’s method
under a Meiji Techno EMZ-8TR microscope (Santa Clara, CA,
USA) [27]. One arbitrary oocyte from each fly was measured
lengthwise to 0.1 mm while wet with ethanol. A single oocyte
was chosen instead of the entire ovary, both to decouple the
degree of yolk deposition from the positive effect of body size on
overall ovary dimension [28] and to allow for a rapid dissection
process. As 1.2 mm is a conservative estimate of the length for
viable eggs of all three tested species [29], and all oocytes thus
observed were clearly in the final stage of development prior to
oviposition [30], flies with oocytes >1.2 mm were therefore
classified as “gravid,” cf. Gordh and Headrick [31].
Statistical analysis (SPSS 15.0 (SPSS Corp., Chicago, IL))
was used to investigate the relationship between fly arrival at a



Int J Legal Med

carcass and physiological parameters. Body mass for each sex
and each species was regressed against the PMI at which they
were collected. ANOVA was used to compare female oocyte
length between fly species, trials, positions, absolute PMI, and
the number of days elapsed since death, with a post hoc
Tukey’s HSD test. As C. macellaria and C. rufifacies both
showed a clear relationship between oocyte length and time of
collection (Fig. 1), 95 % confidence intervals were construct-
ed for the mean frequency of oocyte 1.2 mm or more in length
on the first, second, and third day postmortem (Table 1). These
frequency confidence intervals were then used as estimates of
the true population frequencies in the validation tests.

Intervals were not constructed for the winter-active C. vicina
and P, regina because small sample sizes precluded meaning-
ful statistical analysis.

Validation tests

Domestic pig (Sus scrofa domesticus L.), feral pig (Sus
scrofa scrofa L.), and one human cadaver (Homo sapiens
sapiens L.) were used in seven total validation tests.
Specifics of species, size, location, cause of death, timing
of death, exposure, and sampling are summarized in Table 2.
For each validation test, a subject was exposed to outdoor
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Fig. 1 Developed/non-developed oocytes. Daily binomial distribution of oocyte type for Cochliomyia macellaria and Chrysomya rufifacies, with
“developed” being defined as oocyte length 1.2 mm or larger. The proportion of developed flies is significantly different between each day
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Table 1 Binomial distribution for the population incidence of oocytes
1.2 mm or larger for each of the first 3 days postmortem

Species Postmortem day Mean Frequency 95 % Cl ~ SEM
C. macellaria 1 0.96 0.89-1.04 0.04
2 0.67 0.63-0.71  0.02
3 0.08 0.05-0.11 0.01
C. rufifacies 1 0.98 0.93-1.03 0.02
2 0.64 0.59-0.68 0.02
3 0.02 0.01-0.03 0.01

insect activity. A co-author (JKT) then sampled adult
blow flies on the subject and recorded time and date of
collection, which were provided to the original experimenter
(RMM), although the time of exposure was withheld. The
collected blow flies were identified and dissected according
to the protocol above, and a frequency of 1.2+mm oocytes
was calculated for the species present in each sample. To
predict the minPMI, the sample frequency was compared to
the field population frequencies. For fly species collected in
the validation tests, but not in the standard field collections,
the profile of C. macellaria was used. If a sample frequency
fell within a 95 % confidence interval for experimental
postmortem day 1, 2, or 3, the test sample was predicted
to have come from a carcass exposed for that many days. If
a sample frequency fell outside a 95 % CI, a Bernoulli
experiment was performed to determine the likelihood of
finding exactly » ovarioles 1.2+mm in each sample of x flies
(Table 3). The sample was then predicted to have come from
the experimental day with the highest likelihood. Since the
duration of the exposure phase was unknown [21], these
estimates were expressed as minPMI.

Results

Over the course of this study, 2925 calliphorid flies were
collected. Time of initial arrival on each carcass ranged
from 4 to 9 h in the two summer trials, and 26 to 126 h in
the two winter trials (Table 4). In summer studies,
C. macellaria and C. rufifacies initially arrived within
1 h of one another: 9—10 h (first trial) or 4-5 h (second
trial) postmortem (Table 4). Flies in trial 2 arrived a mean
of 2.67 h before those in trial 1 (F=19.692, df=1, P=
0.047). There was no significant difference in mean time
of first arrival between species or between positions (F'<
12.538, df=1, P>0.050), nor were there any interactions
between trial, position, and species (F<0.692, df=4,
P>0.05). In winter, flies in trial 3 arrived a mean of
116 h before those in trial 4 (F=43.827, df=1, P=
0.022). There were no differences between mean time of
first arrival between species or position, nor were there
any significant interactions between species, position, or
trial (F<2.615, df=4, P>0.050).

Body mass

Among summer flies, there was no difference in mean
body mass between species, positions, or trials (#<0.039,
df=4, P>0.843). Female flies collected on the first day
postmortem weighed an average of approximately 0.006 g
more than those on day 2 and/or day 3 of collection (F=
9.591, df=2, P<0.001). Similarly, there was no difference
in mean body mass (0.055 g) between species, positions,
or trials for female winter flies (F=0.567, df=4, P=
0.467).

Table 2 Descriptions of the specimens used in the validation trials. Subjects 1-6 were sampled by aerial net, subject 7 by sticky trap

Specimen number

1 2 3 4 5 6 7
Site Snook, TX Snook, TX CLL Airport CLL Airport Dayton, OH Dayton, OH San Marcos, TX
Species Feral pig Domestic pig Domestic pig Domestic pig Domestic pig Domestic pig Human
Manner of death Cranial trauma  Cranial trauma  Cranial trauma  Cranial trauma  Cranial trauma  Cranial trauma  Natural
Mass 10-20 kg 20-30 kg 20-30 kg 20-30 kg 6.8 kg 6.4 kg 47.6 kg
Time of death Apr 2011 15 Sept 2011, 15 Sept 2011, 15 Sept 2011, 26 July 2011, 26 July 2011, 25 Oct 2011,
08:25 08:25 08:25 17:45 17:45 11:52
Storage, duration ~ Frozenuntil 12 N/A N/A N/A N/A N/A Chilled <5 °C
June 2011
Time of exposure 13 June 2011, 15 Sept 2011, 15 Sept 2011, 15 Sept 2011, 26 July 2011, 26 July 2011, 2 Nov 2011,
15:30 09:53 09:19 09:21 18:27 18:27 15:00
Time of sampling 15 June 2011, 16 Sept 2011, 16 Sept 2011, 16 Sept 2011, 27 July 2011, 28 July 2011, 5 Nov 2011,
13:00 13:00 10:00 10:30 20:17 18:43 07:00-15:00
Average site 309 °C 29.2 °C 29.2 °C 29.2 °C 25.1°C 255 °C 11.0 °C

temperature
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Table 3 Validation test results, using the binomial likelihood. Estimates
were selected based on the number of individual with developed oocytes
(n>1.2 mm) falling within the 95 % CI given by Table 1. If the confidence

interval was invalid, the day with the highest species-appropriate bino-
mial probabilities was chosen. For species without a known probability,
C. macellaria was used

Site Species Sample size  #>1.2 mm Clmatch Probabilities Selected estimate ~ Actual exposure
Dayl Day2 Day3
Snook, TX C. macellaria 13 8 - <0.01 021 <0.01 24-48 h* 46.5 h
2 Snook, TX C. rufifacies 4 3 - 0.09 037 <0.001 24-48 h* 31h
C. macellaria 21 9 - <0.01 0.01 <0.001 24-48h"
3 CLL Airport C. rufifacies 3 2 Day 2 0.07 044 <001 24-48h* 26 h
C. macellaria 3 - 0.13 040 <0.01 024 h
4 CLL Airport C. rufifacies 3 2 Day 2 0.07 044 <0.01 24-48 h* 26.5h
C. macellaria 13 3 - <0.01 <0.01 0.06 48-73 h
5 Dayton, OH L. sericata 5 4 - 0.15 033  <0.01 24-48 h* 26 h
Dayton, OH L. sericata 1 0 Day 3 0.04 0.33 092  48-73 h* 48.5h
P. regina 1 0 Day 3 0.04 0.33 092  48-73 h*
7  San Marcos, TX  C. macellaria 1 1 Day 1 0.96 0.67 <0.01 024 h 60-72 h
P, regina 6 5 0.18 027 <0.01 24-48 h
Cy. cadaverina 12 10 0.06 0.12  <0.01 2448 h

#Indicates a correct estimate
Ovarian status

The ovaries of 2189 female flies were successfully dissected.
In the summer trials, neither trial (F<0.175, df=1, P>0.676)
nor position (F<0.272, df=2, P>0.762) had any significant
effect on oocyte length, allowing oocyte development data to
be pooled by species. Day of postmortem collection was the
sole significant predictor of oocyte length (F=655.372, df=2,
P<0.001), with day 1 having a mean length of 1.4 mm, day 2
amean length of 1.0 mm, and day 3 a mean length of 0.3 mm.
For both C. macellaria and C. rufifacies, each day was sig-
nificantly different from the other two. For the winter species
C. vicina and P. regina, none of the tested variables—trial,

Table 4 True PMI, in hours, at which the first flies were collected from
experimental swine carcasses for each position, trial, and fly species
during each of four trials in an open field near Snook, Texas. Blow fly
species with fewer than 14 total collected individuals are excluded

Trial Species Position
A B C
1 C. macellaria 10 9 9
C. rufifacies 10 11 11
2 C. macellaria 4 12 5
C. rufifacies 5 11 7
3 C. vicina 26 26 27
P, regina 31 26 28
4 C. vicina 101 171 176
P, regina 171 147 174

position, species, or day of collection—significantly ex-
plained oocyte length (F<7.047, df=4, P>0.053).

Validation tests

In six of the seven validations, the correct time of collec-
tion was estimated by the blind evaluator, based on either
a consensus of species or by selecting the highest individ-
ual likelihood (Table 3). For the validation study that was
not correctly predicted, temperature, time of year, and
species of fly analyzed were different than the experimen-
tal design.

Discussion
Time of first arrival

These findings of rapid arrival are consistent with the charac-
terization of C. macellaria as a primary colonizer [20]. The
near synchronicity of C. macellaria and C. rufifacies is some-
what unusual, however, as C. rufifacies is broadly considered
a secondary colonizer [16] and may actually gain a fitness
advantage for its predacious/cannibalistic offspring by arriv-
ing secondary to C. macellaria [32]. The fast arrival of both
species also runs contrary to studies which have not found the
arrival of C. macellaria and C. rufifacies until the third post-
mortem day in the fall [33]. The answer most likely lies in the
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high ambient temperature during the study, facilitating ex-
tremely rapid decomposition.

Unseasonably warm weather in the first 3 days of trial 3 is
the probable cause of differences between the winter trials.
The 20-30 °C temperatures and low wind speeds [11] were
nearly optimal for bacterial growth, acceleration of decompo-
sition, and volatile odor production [34]. In this study,
C. vicina and P. regina always arrived within 48 h of one
another. This pattern is broadly similar to one Louisiana study,
where both C. vicina and P. regina were collected on day 2
postmortem [33]. However, in other literature, P. regina is
described as a secondary colonizer, less cold hardy and pre-
ferring carcasses later in decay [15, 19, 20]. The difference is
most likely due to climatic differences among studies, as
winter in central Texas is generally mild, with daily tempera-
tures averaging 5—-18 °C [35].

Body size

In general, body size has a large impact on insect fitness [36]
and strongly influences flight and locomotor ability [37]. In
female blow flies, size directly affects reproductive output,
with small fly ovaries having up to 80 % fewer ovarioles than
those of average-size flies [28]. These smaller ovaries produce
fewer eggs and lower overall lifetime reproduction [38]. In
this study, body size did not affect the flies’ response to the
carcass, for either sex or species, indicating that small size was
not a hindrance to carcass location and attendance.

Ovarian status

In most instances, female blow flies require a protein meal in
order to complete oogenesis [39, 40]. They also need a carrion
patch or carcass upon which to deposit their eggs/larvae.
Gravid flies should therefore be under strong selection to also
arrive at a carcass quickly, evaluate it, and either accept or
reject it [41]. In this study, there was a very strong bias for
gravid females to be the first arrivers but for the maturity
profile to shift dramatically over the next 2 days to dominance
by non-gravid females (Fig. 1).

This rapid change from carcass attendance by gravid vs.
non-gravid females seems to indicate that these flies are
sensitive to rapidly changing cues from the decaying carcass.
Postmortem, cell lysis, and bacterial proliferation begin pro-
duction, with an odor profile which changes substantially as
decomposition proceeds [42, 43]. Vass et al. [44] found at least
478 volatile chemicals associated with decaying human ca-
davers. The bacteria-associated volatiles, hydrogen sulfide
and ammonium carbonate, are known to attract Lucilia
sericata at long range, while sulfide and indole-based putre-
factive cues are probably close-range location and acceptance
cues [45] Another possibility for the source of attractive
volatiles is bacteria proliferating on the surface of intra- and
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interspecific eggs [46, 32]. These volatiles could only be
produced following primary colonization, but they would
affect later arrivers like the non-gravid flies of this study.

The complex relationship between species, gravidity, and
responsiveness to carrion-associated volatiles might explain
the high level of variation in the onset and duration of the PIA.
In L. sericata, mid-oogeny females do not respond to a liver
odor plume, while fully gravid and protein-starved/non-
ovigenic flies are strongly attracted [47]. Similarly, in an
experiment using raw liver exposed for a single day, 92 of
117 C. rufifacies females were in Spradbery stage X or fully
gravid (equivalent to 1.3—1.5 mm ovariole length) [48]. Over
an 18-day period, Mackerras [40] found the vast majority of
flies caught had <50 % yolk deposition. The longer duration
of that study suggests that after the first cohort of females
oviposits, gravid flies are no longer attracted to a carcass in
large numbers. Separation of reproductively developed from
non-developed flies suggests that many blow fly females will
use two separate carrion patches in their lifetime.

The integration of optimal oviposition and optimal forag-
ing theory begins to explain how a relatively short-lived fly
would make use of two ephemeral resources in its lifetime to
bear the highest number of offspring while also finding an
easy meal. The first time flies use a carcass, they exploit it as a
non-gravid protein consumer. Corpse fluids produced during
active decay provide a ready meal for sponging mouthparts
[42], and even dry carcasses in late decay provide appropriate
protein [49]. The experience with carcass location may also
serve a learning purpose, improving gravid flies’ ability to
detect and evaluate a subsequent patch [50], which fits the
optimum oviposition theory [41]. The need to disconnect
foraging and oviposition is reduced in a cooler winter envi-
ronment, however. With decomposition occurring at a much
slower pace, and a smaller overall population, winter-active
flies may experience less selective pressure to arrive rapidly
when gravid. The slower pace might allow winter-active flies
to both feed and oviposit on a single carcass, as it would last
long enough to support both activities.

Validation tests

In the seven validation studies, C. rufifacies was collected
three times, and in each case, the number of days post-
exposure was correctly estimated using their data. When both
C. macellaria and C. rufifacies were considered together, the
binomial likelihood was higher for C. rufifacies than for
C. macellaria, giving it greater weight as a predictor. Using
C. macellaria as a predictor was only correct two of five
times, and very close to accurate in a third (Table 3). One
confounding factor for tests 3 and 4 may be the locations of
the pigs. Although placed less than 50 m apart, exposed 2 min
later, and sampled 30 min later, the flies sampled from the two
carcasses had a dramatically different composition. The pig in
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test 4 was deeper into the woods, which may have delayed
initial attraction and oviposition, which was then compounded
by preferential attraction to the odor of eggs.

The validation test data from Dayton, Ohio, shows that the
technique applies to multiple species of summer-active flies.
Although the true population frequencies of developed/non-
developed ovaries for L. sericata and P. regina are unknown,
use of the C. macellaria frequencies yielded correct prediction
of minPMI, albeit with a caveat of adequate sample size.
Using a binomial experiment and the values given in
Table 1, it would be mathematically impossible to differentiate
between day 2 and day 3 estimates. The rule of thumb to avoid
that kind of skewed results suggests that sample size (n)*
likelihood of outcome (p) should be greater than 10 [S1].
Based on the mean p from Table 1, a sample size of 16 should
be sufficient to produce robust results.

Test 7 differed from the experimental setup in terms of
carrion species, environment, and temperature. While the
generated minPMI was not accurate, it does bear out some
useful findings. Both P. regina and Cynomya cadaverina
Robineau-Desvoidy (Diptera: Calliphoridae) showed similar
patterns of ovarian development and predicted the same
minPMI. This result indicates that physiological age structur-
ing holds across more species than the four tested. The cold
temperature at the cadaver probably caused failure to correctly
predict minPMI. While the cadaver had been exposed to
insects for 60 h when the sticky trap was placed, the average
temperature for the previous 2 days had been cold (a low of
2.0 °C) and windy (gusts up to 16.5 m/s) (NOAA [52]), two
factors known to delay blow fly arrival. The sample collector
also reported negligible blow fly activity on the cadaver
during the first day of exposure. Therefore, the estimates were
correct in the sense that they predicted the PIA as opposed to
the minPMI. They also illustrate that use of this technique
under cases of unusual weather conditions, particularly ex-
treme temperatures, could cause a significant underestimation
of the minPMI. Further research is needed to confirm the
environmental parameters under which this technique is
viable.

Conclusions

Understanding the ecology of adult blow fly interactions with
carrion allows them to serve as predictors of minPMI in the
absence of corresponding larvae, an important step forward in
estimating the complete PIA [7]. Although some authors have
advocated collection of adult flies at scenes [22, 53], these
specimens largely serve to validate larval identifications. As a
result, only the post-CI of the PMI is typically calculated.
Even if it is not yet possible to estimate how long it takes
flies to find a given corpse, using their ovarian status, the

length of the adults’ association can be estimated using the
Bernoulli distribution and known population oocyte lengths.
This technique has much potential, as the use of objective
measurements and numerical probabilities means that it
should meet the Daubert standard for scientific evidence
[54]. Adult blow flies could be particularly useful as indicators
in cases where the body is very fresh, as eggs and first instars
can be difficult for field investigators to locate and preserve
[22]. Success of the Dayton, Ohio, trial and the partial success
in San Marcos, Texas, also imply that this technique may be
applicable for a variety of species and locales, though further
research into species and geographic variation would be re-
quired. However, the method is imperfect. Although six of the
seven validation trials did correctly estimate a minPMI, one
underestimated it by 48 h (Table 3). The lack of ovarian status
data for species other than C. macellaria and C. rufifacies
means that error rates and probabilities are unknown when
generating estimates for other species. And the apparent effect
of weather in test 7 indicates that environmental factors cannot
be ignored completely.

Further population surveys are necessary to understand
how the behavior of the adult blow fly relates to carrion.
Validation, particularly with non-Texan populations, is also a
necessity before the use of the ovarian-based minPMI estimate
can be widely adopted. As a rapid, ready estimate of PIA,
however, this adult-based technique shows great potential to
facilitate the practice of forensic entomology.
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