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Insect succession has been studied around the world using the predictable and mostly sequential arrival pattern of different insect

species that are attracted to a decomposing carcass. In cases of suspicious death of humans and animals, carrion insects may be used to

assist in crime scene reconstruction. The present research represents the first study in forensic entomology to be undertaken in

Tasmania, investi-gating insect succession patterns on decomposing pig carcasses and providing a preliminary database of forensically

important insects. Six pig carcasses were placed in two contrasting locations (rural and urban) in northern Tasmania. Insect

successional waves were recorded over a 40-day study during the austral summer season. Results showed that decomposition rates and

insect assemblages varied between each location. Eleven insect taxa, representing nine families, were identified in association with the

decomposition of the pig carcasses at both localities. Blowflies present on the pig carcasses throughout the decomposition process were
Calliphora stygia Malloch (Diptera: Cal-liphoridae) at both sites and Lucilia sericata (Meigen) at the urban site only. These preliminary
results will provide useful information in any future casework involving human remains and associated insect material in Tasmania.
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INTRODUCTION

Forensic entomology is the study of insects and other
arthropods associated with legal investigations (Voss ez al.
2009). Forensic entomology is a method used worldwide
to assist in determining a more accurate time since death
or minimum Post Mortem Interval (minPMI) (Goff 1993,
Voss et al. 2009). Other data gleaned from insect succession
patterns have become invaluable during legal investigations.
They can be used in conjunction with other methods to assist
in the overall crime scene reconstruction, movement of the
body, the presence of toxicological substances (Wallace 2017,
Magni ez al. 2018) and foreign DNA in the alimentary tract
(Carvahlo et al. 2005, Di Luise et al. 2008). Insects can also
indicate the presence of lesions in cases of suspicious death
(Byrd & Castner 2010).

The decomposition of organic matter involves a very
complex biological process whereby the body undergoes
several different — but generally predictable — stages
(typically fresh, bloated, advanced, dry, skeletal) (Goff
1993). The decomposition process is largely dependent on
factors such as geographical location and environmental
conditions (habitat, biogeography and accessibility by
the fauna), deposition conditions (e.g., surface, burial or
submersion) and climatic conditions (e.g., temperature,
season) (Voss ez al. 2011, Hyde ez al. 2015, Roberts et 4l.
2017). Furthermore, extrinsic and intrinsic properties that
each human cadaver exhibits — e.g., gut microbiome, size,
cause of death, presence/absence of clothes — should also
be considered (Gill 2005, Voss et 2. 2009, Benbow ez al.
2015, Iqbal er al. 2018).

During the process of decomposition, remains can
attract a variety of organisms that utilise the cadaver as a
food source, a reproduction site, and as a predator and/
or parasite on the fauna present on the remains (Payne
1965, Schotsmans ez al. 2017). In general, the majority of
the fauna present on the remains is represented by insects,
mainly as blowflies, flesh flies and house flies (Family
Diptera) and carrion beetles (Family Coleoptera) (Morris
& Dadour 2015). The arrival of insects is not random, but
associated with certain stages of decomposition (Mégnin
1894). Insect succession involves the process of invasion by
insects onto the carcass soon after death and continues by
attracting subsequent insect species in successional waves
(Smith 1986, Gill 2005, Voss et al. 2008).

Several studies have shown that approximately 48-72
hours after a death, the use of insects attracted to the
body is the most accurate method to estimate the minPMI
(Goff 1991, Byrd & Castner 2010, Marks ez 4/ 2010).
To provide reliable information for investigation purposes
an entomologist must correctly identify the insects’ species
and age, and if possible utilise an appropriate database of
the insect succession pattern for the specific geographical
region where the remains were discovered. In Australia,
the majority of insect succession studies that have
been published are based in New South Wales and the
Australian Capital Territory (Fuller 1934, Johnson ez al.
2013, Forbes et al. 2014, Gherlenda ez 2/. 2016, Barton
et al. 2017), Victoria (Archer & Elgar 2003, Archer ez al.
2005), Queensland (O’Flynn 1983, Farrell ez 4/. 2015) and
Western Australia (Bornemissza 1957, Dadour ez 2/. 2001,
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O’Brien ez al. 2007, Voss et al. 2008, 2009, 2011, Magni
et al. 2019). To date, there has been one published study
detailing insect succession patterns on decomposing remains
in Tasmania (Lang ez a/. 2006). That study concerned the
species of blowflies that emerge from a possum carcass and
how they might affect blowfly strike of sheep over autumn
and winter. No emphasis was placed on how such species
might be used in a forensic context. Tasmania has been
geographically and genetically isolated for long periods
(McCalman 2009), and as a consequence entomological
data on necrophagous insects from this region rather than
mainland Australia are essential in legal investigations to
assist in determining a minPMI.

The aim of the present study is to provide a preliminary
database, detailing forensically important insects, mainly
blowfly species, attracted to decomposing carcasses at two
locations in northern Tasmania during the austral summer.
Commonalities and dissimilarities were investigated at
two contrasting habitats, rural and urban over a 40-day
study period.

MATERIALS AND METHODS
Study sites

A 40-day survey of animal decomposition was conducted
at two study sites from 12 December 2014 to 20 January
2015. The first study site (rural site, RS) was located
within a paddock situated approximately 8 km northeast
of Devonport, Tasmania (41°10'26.6"'S, 146°17'23.6"E)
(pl. 1C, D). The site was adjacent to an area used primarily
for potato cultivation. No pesticides were used during the
40-day trial. The second study site (urban site, US) was
located within a scientific facility (Department of Primary
Industries, Parks, Water and Environment Facility) situated
approximately 5 km south of Launceston, Tasmania
(41°28'09.8"S, 147°08'28.6"E) (pl. 1A, B). The area used
for the study was approximately 0.13 km south of the main
facility: it was surrounded by a grass paddock with buildings,
roads and trees nearby. The two study sites were situated
approximately 100 km apart.

PLATE 1 — Study locations, urban site (A, B) and rural site (C, D). Credit for A and C: Google maps https://www.google.com/maps/.
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Experimental design

In Australia and in many other countries, the field-based
research of surface decomposition of human remains is
legally prohibited outside of licensed facilities such as the
Australian Facility for Taphonomic Experimental Research
(Smith 1986, Knobel ¢z 2. 2018, Luong ez al. 2018). As a
result, animal models, such as dogs, rats, pigs and guinea pigs
as well as bait and sticky-based fly traps are the only option
available for research relating to insect succession data and
to provide information based on geographic location and
seasonality pertaining to minPMI (Dadour ez /. 2001).
Pigs (Sus scrofa domesticus Erxleben) are the preferred animal
model and most commonly used (Schoenly & Hall 2002),
as they represent the most reliable facsimile to humans.
Furthermore, pigs are reasonably inexpensive and can be
readily available in numbers with uniform mass and size
similar to humans (Dadour ez 2/ 2001, Gill 2005). In the
present study, a total of six pigs weighing 45 + 5 kg were
used. The pigs were obtained from a commercial piggery
and within two hours of being head bolted, the pig carcasses
were transported and placed in each of the study sites. This
represented Day 1 of the experiment. In both the RS and
US, three pigs were placed 10 m apart from each other and
protected by individual scavenger-proof cages constructed
by the authors (Dadour ez 2/. 2001). The design of the mesh
(metal) cage prevented animal scavenging but still allowed
insect access.

Sampling of the insect fauna was conducted over a
40-day period. Representative samples of insect fauna
were collected in accordance with forensic entomology
guidelines. Insects colonising the carcasses were sampled
daily for the first week and subsequently every two to four
days for the 40-day period. Following collection, samples
were labelled in relation to collection site, sampling date
and time, carcass number and anatomical site of collection.
As per the best practice in forensic entomology (Amendt ez
al. 2007), half the insect samples were sacrificed to allow
the identification of the age at the time of collection, while
the other half were allowed to reach the adult instar stage

to facilitate identification (Byrd & Tomberlin 2010). For
this purpose, fauna boxes 25x14x13 cm with a base of
white sand and beef liver placed on top were used to rear
the immatures (Byrd & Tomberlin 2010).

The preserved samples and trapped adult fly samples were
observed under a steromicroscope (Leica® MZ8). Larvae
were aged in terms of instar and taxonomically identified
to family/genus/species) by an insect taxonomist. The
preserved samples were separated and organised according
to collection site, carcass number and date of collection.
Due to its forensic perspective, this study was mostly
focused on blowflies.

Environmental data

Daily records of ambient temperature were obtained from
weather stations at the sites of decomposition and surrounds
from local weather stations in both localities (fig. 1). The
weather stations were within 5 km from the RS and US sites
respectively. Records of rainfall levels were obtained from
the Bureau of Meteorology website (Bureau of Meteorology
2017) (fig. 1).

Assessment of the stage of decomposition

In addition to insect sampling, all carcass replicates were
observed and assessed daily for the first week and subsequently
every two to four days for the 40-day period. Photographs
of the carcasses were taken each observation day (pl. 2). The
decomposition process was determined using the five stages
described by Goff (1993). Carcasses were considered in the
fresh stage from the moment of death to the onset of bloat.
Bloat commenced when inflation of the carcass occurred
and concluded upon deflation of the carcass. The decay stage
was considered from carcass deflation and the outer layer
of the skin on the carcass becomes broken leaving only dry
constituents remaining which is the commencement of the
dry stage. Carcasses were considered as skeletonised when
the absence of soft tissue was noted on bones, and only
cartilage and hair remained.
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URBAN SITE RURAL SITE

Day 2 — Fresh stage

Day 9 — Bloat stage

Day27 — Dry stage

Day 35 — Skeletonization

PLATE 2 — Decomposition process at various stages at the two study sites, urban and rural.
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TABLE 1 — Summer succession of insects on carcasses at two study sites, urban site and rural site, over 40 days in
Tasmania, Australia. Data are summarised by decomposition stages. Data for the three carcass repetitions were
combined in this table.

URBAN SITE Days and stage of decay
1-2 3-7 8-10 11 12-40
Order Family Species Fresh Bloat Decay Dry Skeletonisation
EE' L E L A L P PF A L P PF A L P PF A
Diptera  Calliphoridae Calliphora stygia x  x x x x
Lucilia sericata x x
Muscidae Musca vetustissima x x
Coleoptera Dermestidae  spp. x x
Cleridae spp- x
Histeridae spp. x
RURAL SITE Days and stage of decay
1-3 4-9 10-24 25-31 32-40
Order Family Species Fresh Bloat Decay Dry Skeletonisation
E L E L A L P PF A L P PF A L P PF A
Diptera  Calliphoridae Calliphora stygia x  x  ox x x x x x x
Muscidae Musca vetustissima x x x x x x x
Coleoptera Forficulidae  spp. x
Staphylinidae spp. x X x x
Dermestidae  spp. x x X X x
Cleridae spp- x x x
Silphidae spp- x  x X x
Carabidae spp- x
Histeridae spp- x x

! Life stages are identified by E (eggs), L (larvae), P (pupae), PF (larva in post-feeding instar) and A (adults).

X = specimen collection.

RESULTS

Decomposition process and environmental
data

The progression and duration of each decomposition stage
were not entirely comparable between the two sites over the
40 days (table 1). While the first stages of decomposition
were approximately the same duration (Fresh stage: US 3
days, RS 3 days; Bloat stage: US 4 days, RS 5 days), the
subsequent stages required a different time to be completed
(Decay stage: US 2 days, RS 14 days; Dry stage: US 3 days,
RS 6 days; Skeletonisation stage: US from day 12 of the
experiment, RS from day 32 of the experiment) (table 1).
Overall, the decomposition in the RS happened at a slower
rate compared to thatat US. In particular, while both carcasses
remained relatively fresh until Day 3, the duration of the
decay stages lasted up to 24 days at RS but only 10 days
at US, with all carcass replicates reaching the dry/remains
stage by Day 25 (table 1, pl. 2). The reason for this may
be a consequence of the environmental temperatures at
the RS which typically had lower minimum temperatures
than the US (fig. 1). The RS showed an average minimum

temperature of 11.2°C and maximum temperature of
23.6°C, in comparison to the US site where the ambient
temperatures were at an average minimum temperature
of 13.2°C and maximum temperature of 22.5°C (fig. 1).

Insect succession

Throughout this study, 11 insect taxa, representing nine
families, were identified in association with the decom-
position of the pig carcasses (table 1). In both US and
RS, representatives of the order Diptera were the primary
colonisers of all the carcasses. Two genera of fly were present
on the pig carcasses throughout the decomposition process
at both the RS and US. Early colonisers arriving during the
fresh stage of decomposition were Calliphora stygia Malloch
(Diptera: Calliphoridae). The secondary coloniser, Lucilia
sericata (Meigen) (Diptera: Calliphoridae) reached the pig
carcasses during the bloat stage, but only in the US. A
review of the biology and distribution of Lucilia species is
detailed by Zumpt (1965), and the Calliphora by Wallman
8 Adams (1997). Additional colonisersarriving later during
decomposition (at 10 days) included the flies of the family
Muscidae (Musca vetustissima Walker) (Hughes 1970) (pl. 2).
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Eggs and larvae of C. stygia were observed on carcasses
at US from Day 1 of the experiment, and were present up
until the skeletonisation stage. L. sericata, instead, appeared
on Day 8, while M. vetustissima and various carrion beetles
were more prevalent after Day 11. In contrast, eggs and
larvae of C. stygia were observed on the pig carcasses
present at the RS as well, but only up undil the dry/
remains stage. Pupae of C. stygia were then present until
the skeletonistion stage of decomposition. M. vetustissima
was present during the early stages of decay and remained
present until the skeletonisation stages. Beetles were also
present at various stages, but in no predictable order during
the decomposition process.

DISCUSSION

This is the first forensically focused study recording the
decomposition process and the succession patterns of
necrophagous insects on decomposing pig carcasses at two
locations in Tasmania during the austral summer.

Comparable research that may be considered relevent
was previously conducted some 450 km away on mainland
Australia in Victoria (Archer & Elgar 2003). The Victorian
study highlighted that insect succession patterns change
according to the geographical region, but as the study
did not account for temperatures, they were only able to
suggest that seasonal differences were probably important.
In accordance with this research, the present study shows
that both the decomposition process and the insect
assemblages collected from the carcasses placed in two
different environmental locations, RS and US, differed
between and over the study period (table 1). As only one
previous study has been published in Tasmania during the
autumn/winter period (Lang ez a/. 20006), a comparative
analysis was unable to be conducted to determine whether
the insect assemblages observed at the two locations are
consistent throughout Tasmania.

The different environmental temperatures recorded at the
two sites were found to be the main factors that affected
both the duration and the extent of the decomposition of
the carcasses. The environmental temperatures at the RS
were typically lower in comparison to the US, leading to a
slower rate of decomposition at the RS and a difference in
insect colonisation (table 1). In both US and RS, insects
species belonging to the family Calliphoridae appeared early
on in the decomposition process stages and remained for
the 40 days of the study. In comparison, the M. vetustissima
family appeared at a much later stage (from Day 11)
of the decomposition process and remained present for
the rest of the study. This pattern of insect succession is
consistent with previous studies within Australia, even
when the study was carried out for longer periods (Voss
et al. 2008, 2009, Mclntosh et 2/ 2017). However, these
studies contained a much larger array of insect colonisers
as they were recorded over one or two seasons in different
habitat types and geographical regions.

The validity of applying collected reference data from one
habitat for analysis in another within the same geographic
region is considered precarious in forensic cases when
estimating the time since death based on insect assemblages
(Abd El-bar & Sawaby 2011, Alves ez al. 2014). Variation
between habitats is known to alter decomposition rates and
thus influence insect succession patterns (Campobasso ez
al. 2001). As evident in this study, decomposition rates
vary according to different habitat types (pl. 2) as well as
variations in insect colonisation, but, for the most part,
the insect succession patterns were reasonably consistent
(table 1). Variations in insect succession patterns are usually
related to the species” habitat preferences (Voss ez al. 2009).
Although present at the US site, L. sericata was not detected
at the RS site. One explanation is that Lucilia species have
a preference for higher temperatures compared to Calliphora
species (Smith 1986). As well, L. sericata tends to prefer
urban habitats only in Australia (Monzu 1977). Carrion
beetles were not compared in this study as a part of the
insect succession patterns because the beetles are more
of an opportunistic insect that come and utilise remains
irregularly over time (Smith 1986). In fact, the study of
Barton ez al. (2017) highlights this factor that predaceous
beetles are more prevalent early on coinciding with high
numbers of fly larvae, and beetle scavengers are present
late in the decomposition stages. The review on dermestids
(beetle scavengers) by Magni ez al. (2015) contrasts these
results showing that these beetles occur from three days
to three years following death.

The results from this study — although the first with a
forensic focus in Tasmania — will provide fundamental
baseline reference data on fly succession on a carcass. As
such, ongoing research in the area of insect succession
patterns (flies and beetles) needs to be expanded to include
seasonal and habitat types within every geographic region.

At present, a limited but expanding number of studies
have been focused on insect succession in Australia (Morris
& Dadour 2015). For example, insect succession patterns
have not yet been investigated in most of northern Australia
and this becomes a limiting factor in any forensic case
conducted there. Furthermore, continuing studies are also
required in Tasmania during different seasons, habitat types
and should include an array of different circumstantial
situations, such as clothed vs unclothed, buried vs exposed,
and concealed vs exposed carcasses (Voss er al. 2009).
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