METHODS

The Calliphoridae community was studied at three sites at di
areas of the region located in the central area of the Murdia

and that developing on it. The trap allows a continuous co
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Introduction

Forensic entomology mainly known to be used in the estimation of Post-Mortem intervals (PMIs):
However, it is also used in different areas as the post-mortem transfer (Vanin et al., 2008) child neglect (Benecke
and Lessig, 2001) and elders neglect (Benecke et al., 2004). Toxicological analysis is another area where insects was
for toxicological analysis in the absence of traditional sources (body fluids and internal extended the life
aken for such purposes). GofT et al. (1994) stated that due to the fact that drugs and toxins in (Fig. 3 and 4). i
: es may be accumulated and stored in insects feeding on the contaminated tissues. These
s can be detected in the ins long time after the material they have been feeding on cannot be
analysed anymore. Introna et al. (2001) stated that entomotoxicology which first appeared in the late 1970s, does
not deal just with detection and determination of toxins and drugs in dead bodies, and claimed that it also
investigates the impacts of drugs and toxins on arthropods development in order to assist the forensic PMI
estimations. To our days it has been widely demonstrated that drugs and toxins had an impact on the insects
growth rates which would certainly lead to wrong estimation of the PMI if not taken in consideration.

In this study we investigated the impact of paracetamol on the growth rate of Lucilia sericata (Meigen,
1826) (Diptera, Calliphoridae) and Calliphora vicina (Robineau-Desvoidy, 1830) (Diptera, Calliphoridae). In
order to assess the impact of the drug on the growth rate of the target species, two parameters were assessed:
length of the maggots in different periods (each 24 hours for L. sericataand 48 hours for C. vicina), and duration
of the life cycle.

( Method

Males and females of the two species were collected at the National Institute of Criminalistics and
Criminology’s campus in Bouchaoui, Algeria (36° 44' 0" N, 2° 55' 0" E). -
\ The foodstuff was prepared; four rabbits (albinos) of the same sex (all males) and ap «
weight were injected through inal ins do

p 02: Incubation at 24°C ;nd 70%
relative humidity




In a previous work (Bugelli et al., 2015) the authors analy

understanding of the body colonization process and of the factors

support the previous general results. In addition, the presence of Megase

CASE REPORT
Case 1

At the end of April, the body of a 49 years old man was found inside his ¢z
body, in @ supine position, was wearing a sweater, shirt, jeans and -7
reported alive 6 days before the body discovery and the cause of death vl?
Larvae belonging only to one species, Lucilia sericata (Diptera: Calliphoré‘ae)

(fig.3).

Case 2
At the beginning of July, the body of a 77 years old man was found lygg on

wearing only underpants (Fig.5). The body was found in an advane‘eﬁdecay
was reported on the autopsy (Fig.6). The victim was reported alive |
Larvae from two species were collected from thebodylan
Phoridae) and Sarcophaga sp. (Diptera: Sarcophagidae).

Case 3
At the end of July, the body of an 84 years old woman was found lying on tr
7). The body was in an advanced decay stage and no sign of injury was pres

seen alive 6 days before the body discovery.
Three species, in larval stage, were collected from the body: Chysomya alb
Calliphoridae) and Sarcophaga sp. (Diptera: Sarcophagidae).

Fig.1: crime scene. Car in the wood Fig.2: body in the supine pos
close to Pisa, Toscany. in his car. il
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INTRODUCTION
of insect evid is a very important task in forensic entomology b: different hods can i survival and growth rates of the living samples or’
of the dead The majority of “Best Practices” and “Guidelines" in forensic entomology recommend that fly larvae should kept under controlled or at least
suitable at 2-6°C. They suggest in addition that larvae should be stored in vials with an air-permeable lid and that these vials should be equipped with coarse sawdust or paper
liquids. Living samples should be then brought to an expert within 24 hours. While keeping this window of time seems to be a realistic approach, cooling the samples or

ge seems to be a serious problem for some crime scene technicians or forensic pathologists. But neglecting these guidelines or best practice recommendations might lead to
cal evidence at court or even its exclusion. However, it is not always clear whether and which of the recommendations are based on experiences, opinions or scientific|
cold chain is not maintained, and if there was no air-condition or no supply of coarse sawdust? We analysed this for different larval stages of the forensically relevant)

N° 1 Lucilia sericata METHODS [ Experiment N° 2 Lucilia sericata ]

25°C

‘ L3 (72h) I 1 -

Lag L1 (24h) L2 (48h) 13 (72h) Pupalisays)

= . n=11"20 n=11"20 n=11'20 n=1120 |
RT | F* | Each group= 633 specimens l : ! :

72h cold episode (simulating storage in a W X = l
ng Sargename .

112 = 22 Jarvae per group (L1, 2, 3 and pupae)
boiling water both before and after the cold episode and m
weight recorded.
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ackground Information
Forensic entomology aims to use insects to estimate the post mortem interval
of a carcass. A major problem however is the rapid, exact, and reliable
identification of the insect species. Eggs and early larval stages of many
insects share similar features, making it difficult to distinguish between
species based on morphology. Often, collected larvae need to be reared
under constant conditions to the imago, which offers better differential
features. This time consuming method is not beneficial if fast species
identification is crucial. A promising alternative is species identification using
molecular markers. The Bavarian State Collection of Zoology (SNSB-ZSM) uses
DNA barcoding to obtain genetic fingerprints of all animals, fungi, and plants
found in Germany. Approximately 17,000 animal species were already
successfully barcoded and more than 100,000 barcode sequences were
provided for the international Barcode of Life Database (BOLD). In this study,
we created a DNA barcode reference library for arthropod species playing an
important role in forensic entomology and we applied NGS techniques in
| order to obtain simultaneous species identifications of bulk samples.

Procedure
" We investigated insects, which were extracted from 30 human bodies and
stored in SOmL Falcon tubes, provided by the local morgue. For reference
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Results

The analysis of the NGS data comparison with the
different BINs of insect species, of ich
references of the forensic insect library which w
procedure took a total of 30 working hou
identification for the whole bulk sample, which
especially promising, as it saves time and ¢
methods. This study illustrates that DNA Barcodi
addition for forensic entomologists, because it
species identification of all developmental s
taxonomists are lacking.
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A Major problem in forensic
entomology is the accurate

identification of larvae based on their

morphology alone
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species of carrion beetles ie.
thoracicum, Thanatophilus sinuatus
(Silphidae: Silphinae) were studied.

MATERIAL & METHODS

LARVAE

« T sinuatus and T. rugosus - reared in
laboratory condition.

« 0. thoracicum - collected on pig
carcasses during 2011 field studies.

« N. littoralis - measurement data from
our previous study.

CLASSIFIERS

- Subfamily level classifier was created using 60 train
species. Classifier was tested with training larvae and
species.

« Genus level classifier for Thanatophilus larvae was cre
per instar) of T, sinuatus and T. rugosus larvae. Classifier was
30 testlarvae of each species.

RESULTS

« Distance between dorsal stemmata an
used to create classifier (Table 1)
excluded due to its almost perfect co

pronotum.

Measurements of distance betw
Inlarval stages of T. sinuatus,
larvae); symbols: raw data, —
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7‘ & Methods

18 individuals from 83 different
ly relevant fly families (see Fig.1)
\e samples derived from the institutes
ification: DNA was extracted from
specimens using phenol-chloroform. The
were verified by sequencing the common COI
\g-fragment (Folmer et al,, 1994).

s: For the analysis, one nuclear (258 rRNA gene

) three e a) 28S marker
specimens of

Muscidae
: éfEa
the up to 7 fly families (see

ng temperatures of about 30

d over a temperature range of Calliptoridae e risidis
3°C. Though, there is a significant .
between the nuclear (69,5°C to 72,5°C) and ) ; %’% 5 Fanniidae =i T 8
ndrial (71,6°C to 74,6°C) markers. é% ) El 1 e é g
ik ast to the high similariey beeweon theepeciey Pharidae T prophilidac Drosophilidae

a conspicuously high variance within one species can
be observed (e.g. see Fig. 2a Fannia aequilineata, 2b
phormi or 2c Liopiophila variegata).
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(285)) and two mitochondrial (cytochrome-c-axidase subunit
1 gene (S9, COI2)) markers were designed. The HRM
samples were prepared using ABI MeltDoctor Mastermix
and analyzed on a StepOnePlus RT-Cycler. Subsequent
data evaluation was performed using StepOne (v2.3) and
HRM Software and included the

evaluation of

Amplification and Difference Plots, as well as the Aligned
and Derivative Melt Curves. Finally, a statistical analysis
was carried out using GraphPad Prism and ANOVA.

References




.
NICOLAUS COPERNICUS
UNIVERSITY
IN TORUN




Under laboratory conditions several types of pupariation :lnﬁstmfh o)
are offered to post-feeding larvae e.g. sawdust or sand. ,w:.ey:]e
real case scenarios are highly variable regarding tfgelr possil e
pupariation substrates and this might inﬂuet{ce the time spent 0
dispersal and finally the pupariation process itself (Mai & Amen
2012).

Hence, the present study is concerned with me'hypotheses, that
different kinds of substrates affect the dur_anon of the post-
feeding and i stages of the relevant blow.
fly Calliphora vicina, and that post-feeding larvae might sthh a
specific preference for a substrate. Moreover ‘f’e e‘xamlne v{het er
interactions between post-feeding larvae maintained at dlffer_ent

pupariation substrate, soil 1
was avoided ( e.g. T(9) = 6,7
0,01)(Tab. 1).

larval densities might influence the duration of the
process by a natural disturbance factor.

Material & Methods

iposition (above). Eggs
post-feeding stage (PFs)
iment (a), disturbance-

was obvious. PFS were used for preference-exper
experiment (b) and pupariation-experiment (c: S = sall, C1 = woolen carpet, Ca «
unstructured carpet, BS = bird sand, PS = playground sand, SD = sawdust, N = no
substrate); all experiments were conducted at 12°C

Pupariation-experiment: 10 larvae were placed on each substrate:
soil, woollen carpet, unstructured carpet, bird sand, playground
sand, sawdust and “no substrate” (Fig. 1). Substrate-boxes. were
Incubated at 12°C. Pupariation-timings were noted by checking every
3 hours during daytime, Once all individuals had Pupariated,
temperature was increased to 20°C. Adult eclosion timings were
checked twice per daytime and ADHs were calculated, Each substrate

was replicated 5 ﬂmul;, the entirety of the experiment was replicated
3 times.

10|

A were placed in ch (5 per
side) playground sand, sawdust Vs, soil, sawdust vs,
playground sand, woollen carpet vs. playground sand, soil s,
woollen carpet and soil vs, playground sand. After 2 weeks at 12°C ,
Puparia per side were recorded,
Mmanm-awmnum. 1,2 or 5 Larvae were placed in tubes (7m).
1 larva per tube was replicated 20 times, 2 larvae per tube 15 times.
and 5 larvae per tube 10 times, Tubes were incubated at 12°C.
Pupariation- and adult eclosion timings of the first and last individual
per tube were noted. The experiment was replicated 4 times

Duration post-feeding stage

hours [h]

Fig. 2: Pupariation timings on different kinds of substrates. Plotted are
the mean values of all three experimental runs. Bars show the standard
deviation. The longest duration of the post-feeding stage could be
observed in the soil, the woollen carpet (C1) and on “no substrate”.

ADH adult
a0
b T 3 1
a0
x
e
2 a0
|
200 |
10
o
T S e

Fig. 3: ADHs taken to reach the adult stage on different kinds of
substrates. Plotted are the mean values of all three experimental runs.
Bars show the standard deviation,

Tab. 1: Offered choices and observed puparlation-preferences, Soil
was preferred the most, whereas sand was avoided,

Preleren ce

The disturb showed a longer duration
of the post-feeding stage in case of 5 larvae per tube (e.g. F(4) =
28,74, p = 4,12 E%5 £(4) = 26,08, p = 1,3 E™). No significant
((iFi:iera)nces could be observed between 1 and 2 larvae per tube
Ig. 4).
Adult eclosion timings were significant],
tube in two of four experimental runs (F(4) = 5,34 P =0,001; F(4) =
275, p = 0,03), whereas two experimental runs showed no
slgnificant differences between the groups. Plotting the mean
values of all runs (Fig. 5) Indicates. asslightly longer duration of the

Intrapuparial stage only when there were 5 larvae per tube,

y different for 5 larvae per

Fig. 4: Pupar of larvae.
mean values of all experimental runs. Baxes show the median and
zmwmmmmwmmm—
containing 1 farva than R
of extreme values indicates

Disturbance: adult

hours [h]
- BEEESBAEE

IMadul  2Madukfist 2Maduklast SMadul fist SMaduk st

Fig. 5: Adult eclosion timings for different number of larvae. Baxplats
based on mean values of all experimental runs. Boxes show the median
and the quartiles and bars show the minimum and maximum values.
Overlapping of extreme values indicates no significant difference.

Discussion & Conclusion

Results showed that different kinds of substrates can significantly
influence the duration of the post-feeding stage of the blow fly ¢
vicina, but not the duration of the intrapuparial stage. Longest post-
feeding stage could be observed in the soil, the woollen carpet and on
“no substrate”. Holmes et al. (2013) performed a similar experiment:
they placed post-feeding larvae of the black soldier fly Hermetia
illucens (Diptera: idae) on five different sub: (wooden
shavings, potting soil, topsoil, sand and nothing) and studied the
timings of and adult eclosion. Results
showed a longer duration of the post-feeding stage on the topsoil and
without any pupariation substrate. The duration of. the intrapuparial
stage took less time on no substrate, whereas no differences could be
observed between the other treatments. Their results equate to the
results of this study. Hence, using the same substrate for all
studies avoids. of the PMI,,. in forensic
entomology casework.
The preference-experiment showed that. post-feeding larvae try to
avoid pupariating on sandy substrates. This might indicate that sand is
too dry and abrasive to the skin of post-feeding larvae and that they
might prefer a moistened and less harsh substrate. Further studies
with a higher amount of replicates should be carried out to confirm
the results of this study.
The di periment showed a longer duration of
the post-feeding stage in the case of 5 larvae per tube. This Indicates
that there s a natural disturbance. factor on the pupariation process
by wandering post-feeding larvae, Thus, the PMI_. could be

underestimated by approximately 20 hours in the case of a large larval
mass and limited dispersal space around the. corpse.
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£ DETECTION OF SEMEN FOR POST MORTEM SEXUAL

OR BLOWFLY LARVAE IN TH .
ALTERNATIVE USES FOR BLO ASSAULT CASES y ’. mversii

ati Jetten, Claire Rhodes, Or Katherin® Ly
e ——— == Results

Aims h || Methodoloj Sinital experiments are m (:ndudedwom‘m
s 1 fectiveness rrent semen | recovel M‘W

:m;nmw";t;::lsen posl-mon:m Slexual assault Study 1 - Does insect activity impact sful semen Spin tisue ction kit.

scenes. - Controlled colony size
4 To explore the potential role for forensic entomology - Species variation Table 1~ Table showing NanoDrop 1000 results for 2 extraction

in future post-mortem sexual assault %

Liver doused in boar semen will be exposed to the above conditions. Protocol Conc.  260/280
es Daily dry swabs mv:ﬂ be( nke;!'unﬂL pnﬁaﬂga\ ls“ obs:’w(ehd; awabs will e -
® i undergo DNA profiling (Fig.1) for the identification lomeobox
::p:!‘:m m&‘fhuel s:.'n".:’fé?w'é:'y"?. wm gene on the Y chromosome, verifying the presence of male specific
sexual assault scenes, using DNA profiling techniques DNA. Comparison graphs will be generated to demonstrate the
(Fig. 1) to identify the presence and persistence of variation in DNA concentration. Once established, STR profiling will be
semen throughout decomposition. carried out on high impact scenarios to further determine the effects on
4+ To explore the effectiveness of semen recovery from profile deterioration.
the guts of feeding larvae, comparing the presence
persistence of the Homeobox gene (Fig. 1) with Study 2 - Can insect crop content analysis be used as an

current swabbing techniques. to current P
- Percentage
Background il |
k mples will be doused in boar semen, with 100%, 50% and 25%
4 There have been significant m| n 'ﬁ' @ mn‘,:ﬁlume_'vdllbbcksampled from random locations on the liver
ims q

exploring semen persistence
following a sexual n d. The age of larvae
development. of m""“"m‘“‘“ tothe e Homeobox gene within the gut will be determined (Fig. 1).

mmmmmm .

. mortem victims. Liver will be doused in 6ml, 3m| and 0.

- \ 3 .5ml of boar semen
there ’M!“'lmnn on the impact | Nmﬁmmnuhlnﬂfnnﬂmboxnmvﬁlhdnmd




b) Calliphora vicina 1.3
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Materials

/-

20 tarvactbax
| oaaas
L 4

1. 16°C
S B Rearing took place under
(15-19°C) regimes, and samplings were taken
L 2 different accumulated degree hours (Fig.1).

Randomly Measured 10 larvae (2 per container)
417 time points (ADH: 600, 850, 1200, 1450 1800, 2050, 2400)

Wi v
Wing

locations were analysed ('l'ab 1).
Fig 1. Experimental procedure of developmental study ))

Wing size variation was estimated by 119 2 3
the centroid  size. Statistical analysis
was conducted in SPSS v.17.0 software.
Wing shape variation was generalized by
Procrustes analysis, Canonical variate
analysis (CVA), Discriminant function
analysis (DA), and cross-validation test.

Fig 3. Right wing of C. vicina shawing the 19 landmarks

German Frankfurt am Main. CVG1

Dortmund, CVG2 51.5136°N
LmnfymlmyAankfuﬂmMahx.Cle 50.1109"N

English Exeter, CVEA 50.7184°N
50.9990° N

515074 N

(CVG6). Furthermore,
92% (CVG1), 67-89%
100% (CVG4). 35-10
(CVGO).
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~ Introduction
g m‘“ ine the minimum time since death in forensic investigations, it is essential to collect the oldest insect specimens associated with the body (Amendt et al. 2011). Often these

are not found on the body itself, but have left to find a suitable pupariation site and, therefore, may be some distance from the body on which they were feeding (Lewis & Benbow 2011). A
mun review revealed that much information is either contradictory or missing concerning the post-feeding larval dispersal behaviour of blow flies. This has highlighted the need for 2 more
complete study to consider the many factors that may affect larval dispersal. Therefore, based on published experimental studies, multiple methods were explored to determine the most
appropriate to study these factors. Although the results of this study are preliminary, some patterns have been observed, including the possibility of the aggregation of puparia.

Se—— A . ’ —

Material and Methods
Three methods were tested and a total of eight experiments conducted.

Results

Figures 1, 2 and 3 are examples of the data produced by Methods A, B and C. Of most
interest was the apparent aggregation of puparia, most clearly seen in Figures 1 and 3.

Method A: Adapted from multiple studies looking at the post-feeding larval dispersal of blow
flies (Greenberg 1990; Andrade et al. 2002). An acrylic channel was filled with soil, maximum
5cm deep. The soil used was taken from the Wildlife Garden at the Natural History Museum,
London. Post-feeding Calliphora vicina larvae were introduced and left to pupariate. After one
week the number of puparia recovered from each 10cm segment was recorded.

| MIDPOINT

Figure 1. The distance dispersed from the midpoint by the larvae prior to pupariation in A3
F] (see Materials and Methods).

Number of Puparia

g ag
l Distance Travelled from the Orfgin/ cm

Experiments using Method A:

[—
Al and A2. The channel was 4m long, 6cm wide and 12cm deep. 100 larvae were introduced o
at the midpoint of the channel. ' 5 s = L
A3. The channel was 6m long, 6cm wide and 12cm deep. 320 larvae were introduced at the l g 7 b
M midpoint of the channel. S B ; 1
y " Eie
/ H H

A4. The channel was 6m long, 6cm wide and 12cm deep. 100 larvae were introduced at the

midpoint of the channel. - o

-
-
-
-

Position in The Circular Arena

AS. The channel was 6m long, 6¢cm wide and 12cm deep. 100 larvae were introduced to one
end of the channel.

10cm? Quadrant Puparia Recovered From

o 3 Figure 2. The number of puparia recovered Figure 3. The number of puparia
| ——_:‘:z‘h"d B; Adapted from a study conducted concerning from each 10x10cm quadrant in experiment recovered from each 30x20cm
v post-feeding larval dispersal of blow flies (Lima et al. B1. quadrant in experiment C1.
2 2009). A rectangular arena, 2.5x1m was filled with soil,
“ ::grx;:gﬁ;:lyngz:e;p};:ens:tllljﬁe:i::zsr;ankﬂe‘?s;o"? | | It:etaest the significance of these results, the data was analysed in frequency per sampling
\ London. Post-feeding larvae were introduced and left o
3 for one week. After one week the number of puparia ]
\‘ recovered from each 10x10cm quadrant was recorded. x

Experiment using Method B:

B1. 200 post-feeding Calliphora vicina larvae were introduced to the centre of the arena.

Srequency of Occurrence

Method C: Adapted from many studies examining the
post-feeding larval dispersal of blow flies (Gomes et al.
2006; Charabidze et al. 2008; Zimmer et al. 2010; Boulay
et al. 2016). A circular arena, 2.5m diameter, was filled
with sawdust approximately Scm deep. Post-feeding
larvae were introduced to the centre of the arena. After
one week the number of puparia recovered from each
30x20cm quadrant was recorded.

Hl » WY e

i'llh---w

Numbar of Pupae found i each 10 Section

o TN

Figure 4. An example of the frequency of the number of puparia recovered from each
section for experiments A4 and A5.

N

Experiments using Method C:

C1. 1780 post-feeding Calliphora vicina larvae were
introduced to the centre of the arena.

Aggregation was found to be highly significant in experiments A2, A3, A4, AS and C1
p<0.0001 (x ? test) for all tests but Al.

B A \ "IN - 4 . f § ER I W F. N o T B

Discussion
Method A was considered best for determining distances travelled by larvae and Method C
was most appropriate for measuring the distances travelled in conjunction with the
directional preferences exhibited by the larvae. Method B was unsuitable as the arena was
too small and had an uneven spread from the midpoint, and therefore did not have any
advantages over Methods A or C.

Future Experiments

Other methods to be tested in the
future will include the use of a
SYNTECH ServoSphere. In response to
larval movement detected by an
overhead camera, the sphere rotates
to maintain the larva in the camera’s
field of view at the top of the sphere.
The movement of the sphere Is
recorded by the computer and, hence,
enables the precise analysis of the
movements  of individual larvae
(speed, direction and tortuosity).

[ |

These preliminary results provide evidence for aggregation of larvae for pupariation and thu.s
will be investigated further. Neighbourhood interactions of dispersing larvae and their
perceived ability to detect other puparia in the pupariation substrate may be involved in thf:
aggregation of puparia (Lima et al. 2009). However, other studies suggest that the larva’s
ability to detect neighbouring puparia and larvae in the pupariation substrate encourages
them to move further to a less crowded section of substrate (Gomes & Zuben 2005).
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Discussion

According to previous studies (

barely consurmed red fox carrion. This

consequently, amore prolonged and wide use

The predominance of adults and larvae

study developed in Murcla In the same seasc

2001). However, in that study, Calliphora post-feeding larvae Wi

with no re-colonisation of the carcasses, while In our case new

the successive visits and third-instar larvae were collected until d
and Sierra Noroeste, respectively. These differences could be due to
of carcasses (€9, SiZ€ and specles) and should be considered In minim!
(minPM!) estimations.

In our study, within the family staphylinidae (Coleoptera), th
composition between areas, mainly due to the presence
comparison to Sierfa Noroeste (Fig- 2).This t suggests
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Introduction

The processes taking place during the intra-puparial period of blow flies
are of special interest to forensic entomologists as this period lasts more
than 60% of the total immature development; hence, it can be crucial for
estimating @ minimum post-mortem interval (,;sPMI). Although the intra-
puparial period is usually referred to as the “pupal stage”, it actually
includes three developmental stages—prepupa, pupa and pharate adult—
with different durations. The pupa is, however, the stage which shows the
most dramatic changes during metamorphosis, from an apparent head-
less and leg-less larva to a winged pharate adult fly. The current study
aims to enhance our understanding of this fascinating process through the
visualisation of the key morphological changes using X-ray images and
micro-CT scanning reconstructions of prepupae and pupae of the blow fly
Calliphora vicina Robineau-Desvoidy.

Results and Discussion

Micro-CT has been shown to be a powerful, non-destructive tool for visualising blow
fiy intra-puparial development for forensic purposes (Richards et al., 2012). Here we
use it to reveal the major, dramatic morphological changes, which occur during the
early stages of metamorphosis. Despite the wide use of the term ‘pupa’ for any fly
individual during its intra-puparial development, the actual pupal stage only lasts for a
relatively short period of time, i.e. approximately between the first 7.5-30% of the total
intra-puparial period (Figure 1). The pupal stage is delimited by apolyses, i.e. the
separation of the epidermal cells from the old cuticle. Thus, before the completion of
the larval-pupal apolysis the insect should be called the prepupa, and after the pupal-
adult apolysis it should be called the pharate adult (Figure 1). The misinterpretation of
these terms and concepts in developmental studies and analyses may lead to errors
N .PMI estimations (Martin-Vega et al., in press).

’je most observable event during the prepupal and pupal stages is the development
of a gas bubble in the central part of the body, within the apoptotic larval tissues
(Figure 1) and between the two main dorsal tracheal trunks, displacing the adult
midgut to the ventral side (Figure 2). The gas bubble does not appear until 3 hours
after pupariation (at 24°C) and then grows increasingly in volume until reaching its
maximum at approximately 24 hours after pupariation (Figures 3 and 4). In most
imaged pupae the volume of the gas bubble stayed at maximum values during the
b“m‘”ﬂg 4 hours, but then rapidly decreased until the total disappearance of the
?ubble (Figure 3). Indeed, X-ray images taken at 1 minute intervals showed that the
‘;:la\ shrinkage of the gas bubble takes less than 5 minutes, as its contents move to
‘e posterior end (Figure 4), likely along one or both dorsal trunks. The gas bubble
plays an essential role in the transformation of the amorphous cryptocephalic pupa
‘.mo the headed phanerocephalic pupa (Figures 1 and 4), as the gas moves between
the puparium and the cryptocephalic pupa creating a space into which the head
everts (Figure 4). The current study unveils blow fly metamorphosis and its explosive
D’ace for the first time (Hall et al., in prep.), as the cataclysmic eversion of the head
:iﬁs for only a very few minutes (Figure 4). A correct understanding of blow fly

evelopmental biology and its concepts is pivotal for strengthening forensic

eéntomology research and for avoiding confusions resulting in inaccurate ,PMI
estimations.
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Material and methods

White prepupae (i.e. imeversibly contracted post-feeding larvae) reared under a constant
temperature of 24°C + 0.8°C were considered as the time zero for this study. At 0, 3,4, 6,
13, 18, 24 and 28 hours, 9-10 puparia were placed in a Nikon Metrology HMX ST 225
micro-CT scanner and imaged with an X-ray beam of 110kv and 203pA, passed through
a2 0.1 mm aluminium filter. Two 28 hours-old puparia were imaged every minute during 3.5
hours, in order to register the major morphological changes occurring during that time.
Additionally, 5 puparia were collected at six-hour intervals during the first 48 hours after
pupariation, killed in hot water, stained with 0.5 M iodine and scanned using the same
micro-CT system (exposure: 500 ms; voltage: 110 kV; current: 100 pA). The resuiting
projections were reconstructed using CT-Pro 2.1 (Nikon Metrology, Tring, UK). Slice
stacks in the three principal planes (cross, horizontal and sagittal) were rendered for each
specimen using VG Studio Max 2.2 (Volume Graphics GmbH, Heidelberg Gi y) and

d for 3D visualisations using SPIERS 2.20 (Sutton et al., 2012).
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0%

12 hours A.R.
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Figure 1. Micro-CT virtual sagittal sections of the blow fly Calliphara vicina Robineau-Desvoidy at different times after pups
(AP) at a constant temperature of 24°C. Percentages in the figures refer to the total intra-puparial paniod. Le. u
emergence. At pupariation (0 hours A P.), the prepupa is still attached to the puparium, |.e. o the third-instar larval cuticle. 12 bours
AP, larval-pupal apolysis is taking place but it is still not complete, as the epidermis is still attached fo the puparium in some areas
of the abdominal region (amrow). 18 hours AP, larval pupal apolysis is complete as the epidermis has detached from the pupark
over the body (arrow); the legs and wings have partially everted and the prepupa has become the cryplocephalic pupa
AP, the head has everted (arrow) although it will maintain a hyaline appearance until the migration of the fat bod

cephalic pupa has into the pupa. 48 hours AP, the adult epidermis
pupal cuticle only in some areas; the pupal-adult apolysis is still not complete. 72 hours A B, the pupal adul
the pupal cuticle has detached over the body; the insect is now a pharate adult, Le. no fonger a pupa. Abbreviations
midgut. gb, gas bubble; pe, pupal cuticle; ppm, puparium
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Figure 2 (above). False-colour 3D reconstruction of puparium L 34
with gas bubble (blue) 24 hours after pupariation, Colour key 3
Green, apoplotic arval hindgut; purple, malphigian tubules, red ? 2
dorsal traches! runks; yellow, adult midgut i

Figure 3 (right). Average voluma + STD of the gas bubble (n
9-10) al different times after pupariation at a constant 348 118N
temperature of 24°C. Volumes were calculated as ellpsoids:
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Introduction

i us territory and wide variation in ‘abIOtIC
:231 t:iit!i:nof:gt%rs, whicr:yallow for a vyide variety o:
carrion-associated  entomofauna, Brazil has grea
potential for studies in medicolegal .e.ntomology. In
addition, high crime rates in some Brazilian metropoles
account for many corpses and a consequent demand for
forensic-entomology tools.

Inspiration

This report on the development of medicolegal
entomology in Brazil was inspired by two major sources:
first, the comprehensive paper by JRPL and colleagues
(2008), which marked the centenary of the first
medicolegal studies in this country. Second, the chapter
by TCM and WACG (2015) in “Forensic Entomology:
International Dimensions and Frontiers”, edited by JK
Tomberlin and ME Benbow. In this chapter, the authors
providled a general overview of the history,
accomplishments, and challenges of forensic entomology
in South America, especially in Brazil.

The beginning

Medicolegal entomology in Brazil began with the work of
05cay_ Freire (Fig.1) in 1908. Freire presented the first
Brazilian collection of necrophagous insects, as well as

th_e results of his research on arthropod fauna associated
with human remains and carc; i
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After four decades (194

decomposition of, an
carc i
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country hag continuedon Medicolegal entomology in the

Milestones

1911: Hermann Luederwaldt (Fig.32 publisr}ed studies
on beetles of forensic importance In S3o Paulo;

Fig.3. Luederwaldt in the garden of the Museum of Zoology
(University of Sdo Paulo)

1914: Freire published Algumas Notas para o Estudo da
Fauna Cadaverica na Bahia, with observations on
Muscidae, Calliphoridae, and Sarcophagidae;

1919: Belfort Mattos published a doctoral thesis on the
genus Sarcophaga in Sao Paulo;

1923: Freire’s posthumously published Aauna Cadaverica
Brasileira provided a comprehensive inventory of insects
collected from carrion;

1926: Luederwaldt published Observacées Bjologicas
sobre Formigas Brasileiras Especialmente do Estado de
Sdo Paulo, with important contributions to the field of
forensic myrmecology;

19_41: Pess6a (Fig.4) and Lane (Fig.5) published an
article on necrophagous beetles, mainly Scarabaeidae.
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Appeatances of
tem period and spe
er stages after or ot

\water Initially appeared to be
with visible decay appearing on

esh water sank several weeks
ing insect access to the remains.

the water, it was found that the head of
s had fully skeletonised while the body
Both carcasses exhibited skin slippage
formation.

‘be analysed for changes in the microfauna
| across the decomposition period using mi

NEXT STEPS

12016, a pond was created in a woodland area near
rth of Portsmouth. The pond was filled with tap water
left to mature. At the end of May, a fresh piglet car-
s,eiofq) will be placed into the pond and allowed to decom-
irally in the manner previously described for the rabbit
s. The pond will be covered by a large piece of sturdy mesh
Il be weighted down in order to prevent scavenging by
mammals or birds. ing and itoring of
humidity will take place as in the pilot study, with sampling ini-
‘tially taking place daily wherever possible, with the frequency of
samplin, y d g over the dec ition period.

\l"‘.ollowlngapllot study to assess how long the piglet carcasses take
to decompose in the marine environment, nine piglet carcasses will
be suspended inside crab traps from a raft at three different depths
(shallow, mid-depth and sea floor) . The crab traps are pots made
from sturdy plastic mesh which will prevent the carcasses from
ﬁbaﬁng'away and which will exclude larger scavengers in order to
help retain the remains for the duration of the study. Sampling will
take place in the manner previously described, with daily sampling

r possible (d g on ility of the boat used to

access the raft ),

-
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& Methods

specimens were collected in Seoul from 2005 to 2014
individual flies (108 Calliphoridae and 35 Sarcophagidae

erase chain reaction (PCR), and sequencing 3
e photographed. DNA extraction was performed using Exgene™
quality was checked on 1% agarose gel and concentration was

or DU730 UV spectrophotometer. Fragments of approximately 43¢
by PCR using a 2720 Thermal Cycler. PCR conditions consisted of an initial
95°C for 11 min, followed by 35 cycles at 95°C for 30 s, 50°C for 30<
then a final elongation step at 72°C for 15 min. The bidirectional
‘reactions were performed using BigDye v3.1 Cycle Sequencing Kit according
cturer’s instructions. A pair of primers was used for PCR and direct sequenci
G ACATGAAC-3' and 5'-CCTCCCCTCATTAATATGCT-3") and the sequenci
-analyzed using an ABI3730x| Genetic.

ogenetic trees were generated by the maximum likelihood method with 1,000 replicates
of bootstrapping based on the Tamura-Nei model using MEGA6 software. The heuristic
ses were obtained by the neighbor-joining method to a matrix of pairwise distance
ed using the maximum composite likelihood (MCL) approach.

Calliphoridae

5 Sarcophagidae
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Table 1. Gene and Primers used in this study
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INTRRRULTION

SRR B e nracanted in M W "5 o - s
Knowledge of the carrion-breeding species presented in a location during a particular time is important

and necessary to apply forensic techniques. Algeria is situated in

north Africa, bordered by the

i f sarcophagous insects are not available

i nean Sea in the north. Data regarding the ocFurrenc.e o i
r\e:::;;: therefore, the aim of this work was to identify and mvenwfy the mc?st !mpt_)rtant sarcophagt:)us
Diptera in,northem Algeria to improve fundamental knowledge regarding the distribution of these species.

MATERIAL ANP METHRPS

| The specimens were collected between 2011 and 2015
on human corpses, animal carcasses and baited traps.
Sample collection was performed according to
| procedures described by Amendt et al. (2007). Flies
| were morphologically identified using keys of Smith
\(1986) and Szpila (2010, 2012). |dentification was
| confirmed at least by two specialists.

RESULT=S

| The most common identified species are depicted in
‘Table |. Identified specimens belong mostly to the
\Calliphoridae family (fig. 1-3) followed by the

‘Sarcophagidae (fig. 6) and the Muscidae families (fig. 4
and 5). seasons.

Table |: Sarcophagous Diptera species recorded between
2011 and 2016 from different regions of northern Algeria.

family species

Chrysomya albiceps
(Wiedemann, 1819)
Lucilia sericata
(Meigen, 1826)

season
spring, summer .
Calliphoridae
spring, summer ,
winter, autumn.
Lucilia silvarum
(Meigen, 1826)
Calliphora vicina
(Robineau-Desvoidy,
1830)
Calliphora vomitoria
(Linnaeus, 1758)
Sarcophaga africa

spring, summer.

winter, automne,
spring

Winter, spring.
Sarcophagidae

Spring, summer ,

(Wiedmann, 1824)
Sarcophaga carnaria
(Linnaeus, 1758)
Muscina stabulans
(Fallén, 1817)
Hydrotaea (ophyra)
capensis
(Wiedemann, 1818)
Musca domestica
1758)

(Linnaeus

winter, autumn
spring, winter,
autumn
spring, summer ,
winter, autumn
spring, summer ,
winter, autumn
spring, summer
winter, autumn

Fig.2. Chrysomya albiceps
(Wiedemann, 1819)
(Diptera : Calliphoridae).

-

Fig. 1. Lucilia sericata
(Meigen, 1826) (Diptera :
Calliphoridae).

Fig. 3. Calliphora vicina Fig. 4; Hydrotaea (ophyra)

(Robineau-Desvoidy, 1830) capensis (Wiedemann, 1818)
(Diptera: Calliphoridae). (Diptera : Muscidae)

Fig. 6. Sarcophaga africa |
(Wiedemann, 1824) (Diptera [
Sarcophagidae)

CONCLUSION

‘Thns study presents the first report on necrophagous
Diptera of northern Algeria. Data from this study
provide basic information on carrion insects’ fauna in
Algeria. They also form a basis for similar studies in
‘dwfferenl geographical and climatic regions of Algeria
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Fig. 5. Muscina stabulans
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EFFECTS OF ETHANOL ON THE DEVELOPMENT OF MEGASELIA
SCALARIS (DIPTERA: PHORIDAE)

S.J. King', S. Vanin?

'FLEA, School of Applied Sciences, University of Huddersfield, UK; *GIEF Gruppo Italiano per I'Entomologia
stefano.vanin@hud.ac.uk

Abstract

> age of insects is used for estimation of the minimum post mortem interval (mPMI). Insect development rate is mainly temperature
have demonstrated that drugs and other chemicals can affect the growth of larvae feeding on the dead body, leading to incorrect mpmi
vel of ethanol is associated with several deaths.
ate the effect of ethanol on the development of Megaselia scalaris, a common species in indoor cases both in Europe and in the USA. This
timation in indoor cases, as observed by the authors and reported in the literature.
ared on pork liver (commercial pet food, pate’) with four different concentrations of ethanol (0=control, 1ml, 2ml, 4ml on 32 g of maggot food).
al tir larval eclosion delayed, larval development accelerated), but it did not affect the larval size (ANOVA, p=0.432) and the pupal size

t demonstrated that ethanol has an effect on the immature developmental time of M. scalaris but not on the immature stage length, with

Al estimation,

dae, Megaselia scalaris) were found in Ethanol, commonly called alcohol, ethyl
the analyzed cases), confirming the alcohol, and drinking alcohol, is the principal
1 indoor body colonization. The same type of alcohol found in alcoholic beverages.
f M. scalaris in indoor cases has been - Itis produced by the fermentation of sugars
= by yeasts and it is a neurotoxic, psychoactive
drug, and one of the oldest recreational
drugs. It can cause alcohol intoxication when

consumed in sufficient quan ty.
There is little data available about its
detection from insects as reported in the

raton following table.

o it Mewram Tene Since Daath i Indoor Cases

Length of Il instar larvae bred on food with different Length of pupae obtained from larvae bred on food with
ethanol concentrations different ethanol concentrations

*/

,
:

Belnes.

length (mm)
length (mm)
w

@

s

&

2minzg 4mizg control 1miB2g 2mirs2g

Sum of Mean Sum of Mean
Squares Square Squares Square

2722 2 y e 084
114.093 9 26.372
116814 26.457
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ENTIFICATION OF MAGGOTS OF
NTEREST

jences, University of Huddersfield, Huddersfield, Queenspate
liano per I'Entomologia Forense

provide an accurate

timation of the mPMI (minimum Post Mortem Interval). Un'tillnow a
identification. In the last years a molecular approach has been developeq and' !t |sl no"ﬂ

e lack of identification keys. In the majority of cases the molecular |dent|1|cathn is
ystem, it requires a specific authorization of the authority in charge of the case, especially

due tc

d tissues in the same vial is here proposed. Their storage in ethanol, as
analyses and will reduce the risk of loss of the evidence.

- —

Lucilia sericata Musca domestica Megaselia scalaris

Calliphoridae (~ 1.7-1.3 cm) Muscidae (~ 10 mm)

Phoridae (~ 6.5 mm)

N s

IATERIALS AND METHOD

Whole larva
\

cuticle & T Softtissues
1in a NaOH,

| naok/koH
ethanol

l &
i T =0}

Microscopy ﬁ
phi |
ent ned. The smallest \ ”\ g
obtained soft tissue larval fraction \/
was 1/1024 for C. vomitoria 1/512
for 1 sericata, 1/128 for M.

Diaphanisation methods
domestica and 1/64 for M. scalaris (a: Perforation; b. Szpila method; c. Presented method)

DNA extraction

Schematic rapresentation of the presented method

RESULTS

DNA was positively extracted from all the fractions [;
mtCOI gene 658 bp long was amplified and s
molecular identification of the

all the species. A region of
equenced in order to perform the

species. Obtained results were in line with the
Previous morphological identification

\
w nr

Larval fractions

ONA anysification of the maximum and
c minimum tarval fractions
CONCLUSION)
b dyed cases the molecular [dentification Is based on a destructive

of the main morphological features of the samples. |
on the same specimen (larva) In a systematic w Wy Is demonstrated, At the s
Preserved in order to allow the repetition f the morphe

Ide the opportunity to repeat the

INalysis whaneyer requested by the

approach related to the fo n
cular Identification several tirr ame time the anatoi
N are

t lally for the immature stages of Diptera
pro
wthoritie

gical analys)

s In charge of the legal proces
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EFFECT OF FUR ON THE MICROBIAL AND ENTOMOLOGICAL COMMUNITIES ON RABBIT
CARCASSES: FINAL RESULTS

F. Tuccla®, €. Zurgani', S. Bortolini™, S, Vanin'*

uK;? of Life Sclences, ¥ of Modena and Regglo Emilia, taly, * University of Milano-Bicocca, italy;
*GIEF, Gruppo Itatiano per 'Entomologla Forense

Functional Ac y results in summer

Mouth without fur Mouth with fur

W aah as
Accumulated Degree Days Aot G Dug

Skin without fur Skin with fur

Absrags Plncsonal Ackvy

Accumutated Degree Gays Aceumutstnd Dugrve Days

Interface soil/carrion without fur Interface soilicarrion with fur

Noosoniertd Do B Accumuiated Degros Oays

Post mortem microbial taxa distribution in summer

The effect of fur and body regions on taxa distribution

!
Entomological resul {
o C P2, V3
/ /

Or, Family Sp

Coleopters  Dermestidas  Dermestes lardarius
Hymenoptara Pleromalidae  Nasonia vitipennis
Diptera Calliphoridae  Calliphora vicina e sdosdonissindiubdva

Lucilia sericata Conclusions
Protophormia terrsenovae oo The gecomposition proc the Insects colonization of the carca muni
G v Aloplophila vulgaria vm,,,l::i‘wprl(l on the tissue water content, The average microbial functional activity s strictl related to ghe b:“;;
T0giong of the CATasses and It does not dapend on the presence of fur n both 5e330a trils (summer and spring)
=y The fyr just delayed the Insect colonization in spring experiment, In addition, n'w :uw-lr AtVIty Was observd g
== th gyposed kin samples due to its dry 2 ware identl .ud.""w:'w r:v i bio-markers of the
— compositon (Proteobacteri o disriburior o HENifcantly
Muscidag Hydrotasa sp S Changed over time and spaco. T " depending on
Prasgseafabeenes o s Wil i t ) microbid clock could be appney” " tomPOrs
Virlagian of {he POSt mortem microb potentia e applied in e

and the past mortem microbial mm

phaaroceridae Leptocara caonosa

Coproica vagans
Coproica hirticula
Plophilidag Allopiophita vulgaris s

n but,..further research
Vel hhlVVhrm
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that involve insects. For these purposes, alongside the common morphological
ic mitochondrial or nuclear regions is becoming increasingly frequent. Despite the
15 an invasive technique that often leads to the destruction of the sample. Twelve

fentified

the non-invasive DNA extraction protocol.

Extraction Buffer

Primers

[FW :LCO1490 - Folmer et al., 1994
| (5"-GGTCAACAAATCATAAAGATATTGG3)
HCO2198 - Folmer et al,, 1994

AACCAGTACCAGCTCCGTTT-3'

re purified and sequenced for species identification. DNA was successfully amplified from most
e of the COI gene was amplified only from “fresh” samples in contrast PCR performed with

Amplification of the 211bp COI smaller inner region

* = Agreement
C = Control
0.N.= Overnight

Sarcophaga variegata*
/
/
/
Qiagen (O.N.) 40yl Prot k Calliphora vomitoria* (C)
Qiagen (O.N.) 40! Prot K /
Qiagen (O.N.) 40ul Prot K
Qiagen (O.N.) A0y Prot K
Qlagen (O.N.) 40ul Prot
Qlagen (O.N.) 40yl Prot K
Qiagen (O.N.) 40l Prot K
Qiagen (O.N.) 40p) Prot K
Cngen (O.N.) A0y Prot K
Conclusion

ies through their genomic DNA. B2

tures useful for further studies, The re

from 2015 till 2002, respecyively 8 month

r the majority of the spacimens. Further te

14 years old,
t with different extraction buffers

Qiagen (O.N.) 40yl Prot K
Qiagen (O.N.) 40yl Prot K
Qiagen (O.N.) 40ul Prot K
Qiagen (O.N.) 40pl Prot K
Qiagen (O.N.) 40pl Prot K
Qiagen (O.N.) 40ul Prot K
Qiagen (O.N.) 40ul Prot K
Qiagen (O.N.) 40yl Prot K
Qiagen (O.N.) 40l Prot K
Qiagen (O:N.) 40yl Prot K
Qiagen (O.N.) 40ul Prot K
Qiagen (O.N.) 40yl Prot K
Qiagen (O.N.) 40yl Prot K

Qiagen (O.N.) 40p! Prot K
Qiagen (O.N.) 40! Prot K
Qiagen (O.N.) 40yl Prot K
Qiagen (O.N.) 404l Prot K
Qiagen (O.N.) 40yl Prot K
Qiagen (O.N.) 40yl Prot K
Qiagen (O.N.) 40yl Prot K
Qiagen (O.N,) 40pl Prot K
Qlagen (O.N.) 40l Prot K
Qiagen (O.N.) 40l Prot K
Qiagen (O.N:) 40ul Prot K
Qlagen (O.N.) 40yl Prot K
Qlagen (O.N.) 40yl Prot K

nalysed

COIl short
COI short
COl short
COl short
COl short
€Ol short
€Ol short
COI short
COI short
COI short
COI short
€Ol shart
€Ol short

Its clearly demonstrate the need of working with

long

nd different gene targets will be

Sarcophaga subvicing*
Sarcophaga crassipalpis*
Calliphora vomitoria* (C)
Sarcophaga crassipalpis

/
Sarcophaga variegata*®
Sarcophoga variegota*®

/

/
Sarcophaga carnaria®

/

Sarcophaga variegata®
Sarcophaga_cruentata
Sarcophaga subvicing®
Sarcophaga crassipalpis*
Calliphara vomitoria*® (C)
/

Sarcophaga voriegata
Sarcophaga variegata®
Sarcophaga variegata®
Sarcophago variegata

Sarcophaga carnaria
Sarcophaga cornaria®

Sarcophaga teretirostris

first preliminary results, molecular analysis allows the correct identification of

ence

of different length
were amplified only for
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An experimental approach to charred en

identification
Page S.', Yeardley K.!, Parkes G.}, Vanin S4&

University of Hudderstield, UK; *GIEF Gruppo Italiano per s
stefanovanin@hud.ac.uk ]
Introduction

Despite the great importance of entomology in the determination of time of death, th

, there (s very little data In the literature
bumt bodies. In addition, a commonly asked qmon in court Is whether it is possible to determine if a body has been bu:
Some experiments were pupa puparia of Calliphora vomitoria, Calliphora vicina, Lucilla sericata (D

c;;: : estimate ‘h.:r bum point. A hot-stage microscope with a digital imaging system was used to record pictu

Method
set of experiments was performed using puparia of Calliphora vomitoria, Calliphora vicina, Lucilia

Calliphoridae) and Megaselia scalaris (Diptera, Phoridae). A hot-stage microscope

urotherm heat source control with a Olympus S7-CTV, which allowed a digital imaging system

1o record pictures and reflected light intensity profiles (Fig 3 -30) of puparia heated at 10 °C min"' to 650 "C

under static air was used. The puparia were placed in the furnace with the spiracles facing the lens. The

temperature was ramped up at 10°C per minute (linear heating) under air until the des temperature of

§50°C was reached. Photographs were taken at intervals of 25°C, starting at 50°C”

experiments  wi performed with the same protocol on pupae of Calliphora vomitoria,

sericata and Megaselia scalaris. All sample types were burned six times.

ita (Diptera

consisting of a E

Results

The pictures (recorded at 25 °C intervals) showed that the puparia are completely destroyed between 475 and 550 °C (
temperature (Fig. 19 — 30). No significant differences were detected between species (p=0.09). Interestingly, the si
heating until immediately prior

to complete combustion allowing potential identification of the samples (Fig
samples occurred as they were heated

5,9,13,
measuring the reflective light intensity of the sample against it's temperature (

Calliphora
vomitoria
puparium

Fig 3: Starting Imags - Puparia spirades t Fig & Pupsrls st 225°C when charring
s0C

&

Fig & Pugaria 0t 225°C when charring g 9: Puparia apiracies at £25°C where
begsn. the puparia s fully harree.

Colliphora vicina
puparium

Fig 10: G image - Pupara 31 600°C

Lucilia sericato
puparium

Megaselia
scolorls
puparium

Calliphora vomitorio

pupa
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