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Abstract

During winter 2010 a forensic entomological study was undertaken in San Bartolomeo in Bosco (FE) Emilia-Romagna Region (North
of Italy) on different animal carrion found in a farm several days after they died.

The entomological evidence collected at the scene consisted of Calliphoridae (larvae of Calliphora vicina), Stratiomydae (larvae of
Hermetia illucens), Dermestidae (larval exuviae of Dermestes maculatus). During diagnostic investigation the Diptera Larvae were
taken from the carrion and were reared in the laboratory under constant temperature, humidity and fotoperiod. The minimum
Post Mortem Interval (mPMI) was calculated using the quantity of thermal energy necessary for a given species to complete its life
cycle from eggs to imago (accumulated degree-days-method). The results of the calculations were consistent with what the judicial
investigation later showed. This case report illustrated the importance of using insects in legal veterinary medicine for define the time
and circumstances of the death of an animal.

Keywords: Calliphora vicina; Forensic entomology; Legal veterinary medicine

Introduction

Forensic entomology is based on the identification of necrophagous insects and the study of their biology. It is a useful tool
to estimate scientifically the time elapsed since death. The use in legal veterinary medicine has been limited but appears to be
gaining momentum. The information currently available in the literature from human death or abuse investigation is applicable
to the veterinary arena. Indeed inside entomological laboratory from less a decade work professionals with proper preparation
in the field of forensic entomology aimed at assist the vets in forensic investigations. In this scenario the forensic entomologist
is called for interpret the post-mortem signs that help to clarify possible abuse/neglect of pets (i.e. myiasis and canthariasis) or/
and define the Post Mortem Interval (PMI) of an animal. For this reason the insects are evidence. Forensic entomology is a
very useful method of determing elapsed time sice death after 72hrs. It is accurate a day or less, or a range of days, and may be
the only method available to determine elapsed time since death. Determining time of death is extremely important in a death
investigation as it focuses the investigation into the correct time frame. This can support or refute a suspect’s alibi and improves
the efficiency of the criminal investigation. Traditionally, times of death determinations are made for human homicide victims.
However, forensic entomology can be equally applicable when the victim is not human, but an illegally killed wild animal. The ages
of insect immature stages found on a dead body can provide evidence for the estimation of a minimum PMI ranging from 1 day
up to more than 1 month, depending on the insect species involved and the climatic conditions at the death scene [1]. Blowflies
are typically the first colonizers, attracted to the carrion by the odor produced during decomposition [2-4]. Because the rate of
development of immature stages is a function of the ambient temperature and/or the temperature of the maggot mass present on
carrion, the age of specimens is positively correlated with the summed thermal input they accumulate during growth [5,6]. The
standard technique used to estimate the rate of development of insects over a period of time with temperature compensation is
termed accumulated degree hours (ADH) or accumulated degree days (ADD), which are a summation of temperature (°C) above
the lower development threshold (LDT) multiplied by time (hours or days). The LDT is the temperature value below which insect
development stops, It is most commonly estimated by measuring developmental rates at a range of temperatures and fitting a
regression line to the results. This can then be extrapolated to the x-axis where development is zero. It is species specific [7].
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This method is clearly inaccurate for insects that start breeding late in decomposition (like coleopterans); but the use of arthropod
succession patterns can enable the use of data concerning these insects [8]. Indeed arthropods progress through a natural succession
pattern on animal remain. Samples of the arthropod community from remain could provide estimates of where the remains are
in the succession process and thus represent a minimum postmortem interval. This ecological process has been well documented
for decomposing animal remains [9]. In the present case, several carrion of animals (Sheep, Goat, Pot-bellied Pig, Emu and dog),
at different decomposition stages, were collected in a farm. Entomological evidence was abundant and present on each carcass.
The PMI was estimated on Calliphora vicina, Hermetia illucens and Dermestes maculatus samples as discussed in the result section.

Materials and Methods

On February 28, 2010 several carrion and bones of Sheep (Ovis aries) (Figure 1), Goat (Capra hircus) Pot-bellied Pig (Sus scrofa)
(Figure 2), Emu (Dromaius novaehollandiae) (Figure 3) and dog (Canis lupus familiaris) (Figure 4), were collected by veterinarian
of Local Official Veterinary Service of Ferrara in farm located in San Bartolomeo in Bosco (FE) (North of Italy) and sent to Istituto
Zooprofilattico Sperimentale of Lombardia and Emilia Romagna (IZSLER) for diagnostic investigations. During the necropsy
executed on March 02, different insects (larval and adult stage) were collected to determine the time of death.

Figure 1: Sheep carrion
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Figure 2: carrion of Pot-bellied Pig
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Figure 3: Dromaius novaehollandiae carrion

The insects sampled were: larval exuviae of Dermestidae (Dermestes maculatus) on the carcasses with the most advanced
decomposition stages (on every Pot-bellied carrions, Dromaius novaehollandiae); on dog were collected only larvae of
Calliphoridae (Calliphora vicina), and a carrion of sheep only larvae of Stratiomydae (Hermetia illucens). All adult and larval
exuvie were isolated and stored in 80% ethanol, while larvae were reared in the laboratory to the adult emersion. The adults and
larvae were identified using identification keys [9]. The Calliphora vicina and Hermetia illucens larvae collected on the carrions
were removed and transferred into plastic jars (10 x 15 x 22 cm) covered with a gauze net. The bottom of each jar was covered
with 3-cm-thick sawdust, to provide a dry place for pupation. The jars were then placed into a precision environmental chamber
(PIARDI_ Mod. CC. 1500) The temperature (15 °C), relative humidity (70%) and fotoperiod (14L/10D) were strictly controlled
and they were similar to typical weather conditions recorded at the crime scene. Observation of emerges occurred daily between
10 and 12 am. After adult emergence, the adult flies were killed, pinned and identified. For C.vicina and H. illucens we estimated
the PMI (Post-mortem Interval) in accumulated degree days (ADD). Therefore, the time since oviposition or egg laying can be
determined by careful examination of meteorological data, together with the identification of the species and stage of development
of the insects associated with the remains. Unfortunately, the temperature of the scene of death was not recorded. Meteorological
records were obtained from the local weather stations, located 15Km away, at Cocomaro di Cona (FE). Weather station indicated
a mean temperature of 8.7-4.3 °C over the previous two weeks, with mean precipitation of 10.1-16.6mm [10-12].
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Results

At the laboratory condition Calliphora vicina rhas requested 27 days from larva II instar to adult eclosion. So the oviposition would
take place between 2 and March 3, 2010 day on which was performed the necropsy on the carcass. This result can not be real. Here
is why, considering that from observations in the laboratory C.vicina is able to lay eggs only at a minimum temperature of 13 °C,
that the average ambient temperature at the crime scene was of 7-9 °C except between 24 -26 February 2010 we have to change the
date of oviposition, and indicate how minimum interval from death of the dog between 24-26 february 2010. Similar observations
have been made for H.illucens larvae sampled on sheep carrion. The development threshold temperature, reported in literature
[12],is of 10 °C; Lord and Pujol-Luz [14] reported that the larvae of H. illucens measure, to its full development, 20-32mm and that
to reach this stage, to an average daily temperature of 27.8 °C, requires about 31 days (861.8 ADD) we obtained a minimum interval
from death between 01-15 October 2009. The appearance of Dermestes maculatus on decomposing remains of human and other
animals makes it a candidate insect to estimate postmortem interval. This beetle can become one of the dominant insects present
in mid to late decay and adults generally arrive 8 to 11 days following death [15,16]. Full development of Dermestes maculatus is
only reached when temperatures are consistently above 18 °C, and will take 96 days at 18 °C from the time the egg is laid to reach
adulthood [17]. The optimum temperature for Dermestes maculatus development is approximately 30 °C, where the beetles reach
adulthood around 38 days. No individuals completed development to the adult stage at 15 degrees [18]. It also was noted that this
beetle was not present on pig carcasses during the winter or autumn season, but present during other seasons [19,20]. Since were
sampled only the larval exuviae. Beetle exuviae are moderately tough, and may remain at a death scene long after the corpse has
decomposed. In cases, like this, where remains are mummified, living dermestid adults and larvae may still be associated with the
remains after a period of yars, also the mere presence of their larval remains is proof that dermestid beetles have fed extensively
on the tissues [19]. In this case, we have considered that the entire development has been completed on the carcasses. Combining
these factors the rate and the rate of decomposition we have established a PMI of 192-217 days (August 2009). In this study the
entomological evidence has allowed to date the death of different animal carcasses and to establish that the first animal has died
on August 2009 while the last one died during the second half of February 2010.

Discussion

The judicial authorities with also the entomological evidence has sentenced that because the farm was sold from June 2009 the new
owner has likely abandoned all animals letting them to starve. In many cases when animal remains are discovered it is difficult
or impossible to determine the time of death. Without this evidence, it is extremely difficult to pursue a case, so at the present
time, many animal cruelty cases are not followed through, with the result that the culprits remains at large, and more animals are
killed Once charged, a successful prosecution is dependent on strong physical evidence. Insects provide strong, defensible physical
evidence which could be successfully used in court. In human cases, forensic entomology is usually of most value during the first
few months after death. Years after death, it may be possible to determine season of death, based on species and numbers of insect
remains present. In some respects, such evidence may be of more value in poaching cases or animal cruelty cases than in human
cases, as season alone may not be enough in an old homicide case. This would mean that many more cases could be investigated
than currently are pursued. The time of death also points the investigation into the correct time frame, which helps to focus the
veterinary investigation and can be extremely important in the apprehension of a suspect.

Conclusion

This case highlights such as entomological survey become powerful evidence for the length of time of abuse or neglect, in court.
Forensic practice applied to pets and wildlife is increasing in importance of and the veterinary profession has a key role to play
[21]. There is a need to enhance the awareness of veterinarians, to introduce teaching and specialized training and provide access to
information accordingly. Systems and protocols, some similar to those used in human forensic medicine, must be established and
used. In this scenario the veterinary forensic entomology is not yet a recognized discipline but it is evolving rapidly. The forensic
investigator indeed has often recognized the presence of entomological evidence in animal abuse or wildlife death investigations.
Thus, application of quality assurance principles, could have a strategic role in enhancing trust among national veterinary services
officials and consequently in facilitating the use of forensic entomology in veterinary medicine [22].
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