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Abstract: Blow flies (Diptera: Calliphoridae) can be used in forensic entomology to provide infor-
mation, including an estimate of the time of colonization and minimum postmortem interval, based
on insect development. This study examined the development of third instar Calliphora terraenovae
Macquart in four substrates: pine shavings, soil, sand, and clay. Pupation time, survival to adult,
and wing vein length were measured to examine the substrate influence. There was a significant
difference in the time to pupation (F3,36 = 11.87, p < 0.0001) and the number of flies that eclosed
(F3,36 = 4.716, p = 0.007) among the substrates. Blow flies pupated faster in pine shavings and eclosed
as adult flies faster in sand than in other substrates. Adults eclosed in the sand in 21.9 days, followed
by pine shavings (22.8), clay (24.2), and soil (26.6). Although overall survivorship was low (10–46%),
the greatest number of flies eclosed in sand, and the fewest in clay. Understanding the factors that
impact blow fly development can help forensic entomologists improve rearing protocols and apply
this information to death investigations, especially in cases with buried remains.
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1. Introduction

In forensic entomology, insect evidence can be analyzed and applied to investigations [1].
In the medicolegal forensic entomology subdiscipline, forensic entomologists are asked
to examine insect evidence to provide information relating to time of colonization (TOC),
movement of the decedent, and the presence of wounds [1–3]. Time of colonization is one
of the most important determinations that a forensic entomologist can provide in death
investigations. TOC is the period of time between insects depositing eggs and the discovery
of the remains [1,4]. To determine TOC, it is imperative to understand the life cycle of the
blow fly. There are four main life stages: egg, larva, pupae, and adult [5–7]. The blow fly
life cycle begins with an adult fly laying eggs. Those eggs hatch into larvae, the larvae
consume food until they pupate, and during pupation the larvae metamorphosize into
adult flies and eclose from the pupal casing [8].

Development data is derived from studying these stages at different temperatures [9].
Understanding the duration of each development stage in a laboratory setting can be useful
when applying this information to insects recovered from death investigations where the
temperature of the development at the scene is used to calculate the TOC based on the
known development rates. Many environmental variables have been studied to understand
how they affect development including the food source [10–12], photoperiod [13,14], inter-
species competition [15–17], and most importantly temperature [9–11,16,18,19]. Insects are
poikilothermic, which means that their development is highly dependent on the ambient
temperature of their environment; the warmer the temperature, the faster development can
occur [13].
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Remains can be found in a variety of conditions and habitats, and understanding
how environmental conditions affect the dispersion and pupariation phase is crucial for
death investigations. Many factors affect this dispersion phase and subsequent pupation
including moisture, temperature, interspecies interactions, and substrate [20,21]. Substrate
type can affect dispersion and pupation. A study found that decayed fruits and vegetables
and fresh leaves were the most favorable, whereas folded clothes were the least favorable [6].
Studies have shown that pupation tends to occur close to the larvae’s food source but they
can disperse 0.8–10 m away and bury themselves at a depth of 2.5–10 cm, depending
on the species [6,21–24]. Substrate compaction is a significant factor in the ability of the
post-feeding larvae to bury themselves to pupate [25]. Vertical dispersion, the process
when a larvae burrows into the soil to pupate, can be affected by soil compaction [25,26].
A 2010 study described how the depth of pupation was inversely related to the degree of
compaction, with larvae burrowing only 0.5 cm into highly compacted soil treatment [25].
Soil compaction can affect gas exchange and temperature which affects the development of
the larvae [25].

Calliphora terraenovae Macquart is a species that has been found to be forensically
relevant, but there is limited research regarding its development [27,28]. A 1958 study
demonstrated that in Calliphora terraenovae development, the time from oviposition to
eclosion as an adult took longer than that of other forensically relevant blow fly species [29].
Research has demonstrated that C. terraenovae has long pupation periods [29]. Kamal (1958)
analyzed thirteen species of flies in the Calliphoridae and Sarcophagidae families: three
of those species being of the Calliphora genus [29]. The three Calliphora species had the
longest prepupal period, with Calliphora vomitoria Linnaeus taking a maximum of 21 days
to complete and C. terraenovae taking a maximum of 17 days to complete. Comparatively to
other forensically relevant species, such as Phormia regina Meigen and Lucilia sericata Meigen,
the prepupal period took a maximum of 7 and 8 days, respectively. The entire immature
lifespan of the three Calliphora species was also considerably longer than that of P. regina
and L. sericata. Calliphora terraenovae, Calliphora vicina Robineau-Desvoidy, and C. vomitoria
took a maximum of 23, 25, and 27 days, respectively, to complete their development.
P. regina and L. sericata took a maximum of 12 and 15 days, respectively, to develop from
egg to adult. Understanding the factors that affect dispersion and pupation can improve
collection techniques at scenes [30].

The purpose of this study was to examine the development of C. terraenovae in four
different substrates. Time to pupation, time to eclosion, survival to adult, and final adult
size were observed and measured. We expected that clay and sand substrates would result
in soil compaction, making blow fly pupation and eclosion more difficult.

2. Materials and Methods

The blow flies used in this study were first generation and originated from wild caught
flies collected in 2017. They were housed in colonies at Delaware State University in Dover,
Delaware. Each colony was kept in an aluminum cage (46 cm3, BioQuip 1450C, BioQuip
Products, Inc., Rancho Dominquez, CA, USA.), and provided with water, sugar and pork
liver to promote ovarian development. Pork liver was used as a substrate for oviposition
and egg masses were removed from the cage, placed onto a fresh piece of pork liver and
contained inside of a glass mason jar with pine shavings. The mean temperature of the
laboratory was 18.3 ± 0.05 ◦C with 33.48 ± 0.50% relative humidity during this study.
Five third-instar post-feeding Calliphora terraenovae larvae were randomly selected from the
colonies and placed in an experimental unit, which consisted of a glass mason jar (473 mL)
filled with 275 mL of each of the experimental substrates, topped with landscape tarp and
a metal ring in order to contain the larvae. Only five maggots were selected to eliminate
other factors that could influence development, such as the density of individuals. This
set up was replicated ten times for each of the four substrates: sand, soil, clay, and pine
shavings (control). Each substrate was purchased for this study. The sand used in the
study was premium play sand manufactured by Quikrete (Atlanta, GA, USA), the soil was
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topsoil that did not contain any fertilizers or other additives, the clay was a clay burrowing
substrate used in reptile tanks, and pine shavings were pine pet bedding shavings.

All experimental units were observed every 24 h to document the time of pupation
and eclosion, for a total of 31 days. Once flies had eclosed and expired, they were removed,
and the left wing of each adult was detached to measure the posterior cross-vein (dm-cu)
length. Temperature and humidity were recorded hourly for the duration of the study
(HOBO UX100-11A, Onset Computer Corporation, Bourne, MA, USA).

Statistical Analysis

Percentage eclosion data were square root transformed in order to meet the assump-
tions of homogeneity. Time to pupation, time to eclosion, and wing vein length were
normally distributed.

Data for time to pupation, percentage of flies eclosed, time to eclosion, and wing vein
length were analyzed using a one-way ANOVA (aov function) to examine the effect of
substrate. All significant results were followed by pairwise comparisons to determine
which substrates had an effect. All analyses were performed in GraphPad Prism version
10.2.3 for Windows (GraphPad Software, San Diego, CA, USA, www.graphpad.com) and
R 4.2.1 (R Project for Statistical Computer, http://www.R-project.org (accessed on 17 June
2024) [31,32].

3. Results

Development to adult was completed within 30 days for all treatments. Pupation
occurred within 13 days, with pupation occurring more quickly in the pine shavings and
slowest in the clay (Figure 1; F3,36 = 11.87, p < 0.0001). After pupation, the blow flies began
to eclose within 30 days. Eclosion was significantly different among substrates and occurred
fastest in pine shavings (Figure 2; H(3) = 14.65, p = 0.002). Pairwise comparisons using
Dunn’s test indicated that sand substrates resulted in significantly faster development
when compared to soil (p = 0.001). The percentage of eclosion was also high in the sand
substrate (Figure 3; F3,36 = 4.72, p = 0.007). Out of the four substrates, the blow flies in the
sand substrate were larger than those in any other substrate (Figure 4; F3,40 = 4.03, p = 0.01).
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4. Discussion

Insects play a crucial role in determining TOC estimates. Collection of the oldest
insects at a scene is pertinent in order to calculate an estimate of how long the remains
have been available for colonization. In certain circumstances, the oldest insects may be
overlooked because they have dispersed from the remains and have begun to burrow into
the surrounding substrate to pupate. If the oldest insects are not collected from a scene,
there is a risk of underestimating the time of colonization.

Previous research has analyzed the horizontal and vertical dispersal behavior of vari-
ous blow flies. Depending on the species, they dispersed different lengths away from the
food source. Phormia regina has been documented to have the shortest horizontal dispersal
and pupate near the food source, but L. sericata and C. vicina can disperse further to pupate
from 3 m to 8.1 m away [26,30]. Phormia regina and L. sericata also burrow into the soil
to pupate at different distances as well. Phormia regina often disperses to pupate on the
surface and at shallower depths such as up to 2 cm, whereas L. sericata can burrow down
to 11 cm [30,33]. A study analyzing larval survival after burial of Cochliomyia macellaria
Fabricius and Protophormia terraenovae Robineau-Desvoidy determined that second instar
larvae, third instar larvae, and pupae were able to eclose as adults after being buried in clay
soil up to 50 cm deep [26]. Burial did affect survival with fewer adults reaching the surface
when buried at a depth of 50 cm. Other studies have analyzed the effect of soil type and
moisture content [7]. These two abiotic factors affect development time, dispersal, and the
survival of larvae and pupae. Clay soil with a high moisture content resulted in longer de-
velopment periods and low survival. These differences among species show the importance
of analyzing the behavior of each species in a variety of environmental conditions.

In this study, substrate type was shown to affect pupation, eclosion, survival to
adult, and adult size. Pupation was impacted by substrate, except between sand and soil.
Pupation in pine shavings, the standard substrate used in laboratories, took the shortest
amount of time (4.5 ± 0.4 d). Pine shavings are a dry substrate with less compaction. This
substrate provides ample room between each pine shaving particle for adequate oxygen
flow. Clay, on the other hand, took the longest amount of time for pupation to complete
(8.1 ± 0.4 d). This finding is consistent with previous studies that have analyzed clay soils.
Clay soils tend to retain more moisture and have small particles measuring smaller than
0.002 mm [34,35]. The higher moisture content and compaction between individual particles
can hinder the larvae’s ability to disperse and survive [25]. All replicates in this study were
able to disperse as third instars and pupate, but not all survived to become adults.

Eclosion was also impacted by substrate. In sand, there was a significant difference
regarding the time it took for eclosion to occur than eclosion in soil. The flies that survived
eclosed after 21.9 ± 0.6 days in sand, 22.8 ± 1.4 days in pine shavings, 24.2 ± 1.2 days in
clay, and 26.6 ± 1.2 days in soil. These findings are consistent with other development
studies [29]. The development data from Kamal (1958) on three different Calliphora species,
including C. terranovae, demonstrated that the time to disperse as third instars and pupate
took as little as 12 days and at most 39 days. Because there is limited data regarding
C. terranovae, it is important to understand how other Calliphora species develop as well.
Calliphora vomitoria took between 21 and 39 days to complete the prepupal and pupae
stages. Calliphora vicina took between 12 and 27 days. Calliphora terranovae took the longest
of the three species at 24 and 35 days. Eclosion is a process where the teneral adult fly
begins to emerge from the pupal casing [36]. The adult inflates a structure between the eyes
called the ptilinum which pushes on the pupal casing causing it to open [36]. As eclosion
of the adult flies occurred fastest in sand but slowest in soil, it could have been impacted by
the particle size. Sand has larger particles measuring between 0.05 mm and 2 mm, which
would allow more soil aeriation and less soil compaction [7,34]. The soil used in this study
was topsoil, which contains a combination of sand, clay, and other organic materials. Due
to the mixture of different soil types, this would reduce soil aeration and have a higher
degree of compaction. As there was a drier environment due to the soil aeration in the sand
and less compaction, the eclosion process occurred more readily in sand than in soil. With
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more data collected regarding the life histories of C. terranovae, more accurate development
data can be used for this species.

There was a significant difference among the substrates regarding survival. The blow
flies in the sand had the highest survivability, with 46 ± 11.2% of the flies eclosing as adults.
Sand does not retain as much moisture as clay or soil due to the larger particle sizes and
increased soil aeriation [34]. The other substrates—clay, soil, and pine shavings—had lower
rates of survivability, with only 10–18% eclosing. Pupae require environmental conditions
that allow them to breathe as they complete their metamorphosis [37,38]. Lower rates of
adult eclosion in the clay substrate were not a surprising result, because clay has a higher
moisture content, higher degree of compaction, and small particle sizes. These conditions
result in lower oxygen concentrations and reduce the ability of the pupae to exchange gas.
Lower rates of adult eclosion in pine shavings was a surprising result because of the low
moisture content, lesser degree of compaction, and larger particle size.

The type of substrate impacted the overall size of the adult blow flies, as assessed
using the wing vein length. Of the adults that survived, clay resulted in the smallest adults
and sand resulted in the largest adults. Previous research on C. vicina showed that the
wing veins of larger adults measured 1.85 mm and smaller adult blow flies measured
1.67 mm [39]. There is little data available regarding the wing lengths of C. terraenovae and
differences between species should be expected, but the findings in this study are in line
with other species of the same genus. Abiotic factors could affect the size of the adult
blow fly. Other abiotic factors tested in this study, including moisture content, particle
size, or soil aeration of the substrates could have affected the size of the adults. Further
research should assess these abiotic factors in different substrates to determine if they have
a significant effect on body size.

5. Conclusions

Substrate type affects pupation, eclosion, survival to adult, and adult size. Pine
shavings resulted in larvae pupating quickly. Sand resulted in the highest number of
adult flies that eclosed from their pupal casings. The adult flies that eclosed from the sand
were also measured to be the largest flies out of all four substrates. Larvae that were in
the soil substrate also took longer to pupate and eclose but were measured to be second
largest. Clay resulted in longer pupation and time to eclosion in addition to a smaller body
size. Future studies should analyze the characteristics of the substrate that may affect the
rate of pupation and eclosion in addition to survival. Dispersal behavior is important to
recognize because collecting the oldest specimens at a scene is imperative for accurate
time-of-colonization estimates. Understanding how substrates affect pupation, eclosion,
and development aids in time-of-colonization estimates for the forensic entomologist.
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34. Kovačević, M.; Bajat, B.; Gajić, B. Soil Type Classification and Estimation of Soil Properties Using Support Vector Machines.
Geoderma 2010, 154, 340–347. [CrossRef]

35. S.U., S.L.; Singh, D.N.; Shojaei Baghini, M. A Critical Review of Soil Moisture Measurement. Measurement 2014, 54, 92–105.
[CrossRef]

36. Martín-Vega, D.; Simonsen, T.J.; Hall, M.J.R. Looking into the Puparium: Micro-CT Visualization of the Internal Morphological
Changes during Metamorphosis of the Blow Fly, Calliphora vicina, with the First Quantitative Analysis of Organ Development in
Cyclorrhaphous Dipterans. J. Morphol. 2017, 278, 629–651. [CrossRef] [PubMed]

37. Sert, O.; Ergil, C. A Study on the Pupal Development of Calliphora vomitoria (L., 1758) (Calliphoridae: Diptera) at Different
Temperatures. Turk. J. Zool. 2021, 45, 277–295. [CrossRef]

38. Houlihan, D.F. Some Effects of Low Oxygen Partial Pressures on the Development of Calliphora vomitoria. J. Insect Physiol. 1974,
20, 1367–1387. [CrossRef]

39. Hwang, C.C.; Turner, B.D. Small-scaled Geographical Variation in Life-history Traits of the Blowfly Calliphora vicina between
Rural and Urban Populations. Entomol. Exp. Appl. 2009, 132, 218–224. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.2307/2422327
https://doi.org/10.1093/aesa/51.3.261
https://doi.org/10.1093/aesa/83.6.1210
https://www.graphpad.com/features
https://www.graphpad.com/features
http://www.R-project.org/
https://doi.org/10.1017/S0007485300024433
https://doi.org/10.1016/j.geoderma.2009.11.005
https://doi.org/10.1016/j.measurement.2014.04.007
https://doi.org/10.1002/jmor.20660
https://www.ncbi.nlm.nih.gov/pubmed/28182298
https://doi.org/10.3906/zoo-2102-27
https://doi.org/10.1016/0022-1910(74)90239-X
https://doi.org/10.1111/j.1570-7458.2009.00891.x

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

