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Summary

Precisely determined time of death is one of the most important pieces of information obtained during
a post-mortem investigation. There are several traditional methods for determining time of death, the most
important of which are evaluation of early post-mortem changes, such as the change in body temperature. The
study was aimed at identifying insects collected from the body and establishing the time of death by observing
the developmental cycle of the indicator species Calliphora vicina. The material for the main experiment
was the carcass of a dog. The length of the developmental cycles of insects depends on ambient conditions, so
studies should take as many criteria as possible into account. Succession of arthropods, as well as the species
composition and indicator insects of particular stages of decomposition, is very similar in human and animal
carcasses. The results obtained were considered with respect to the time that had passed since the death of the
animal. Experiments on dog carcasses may in the future contribute to the development of research enabling
determination of the time of death of animals, which is a subject of increasing interest in forensic veterinary

medicine.
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One of the most important tasks of forensic medicine
is to determine how much time has passed from the
moment of death to the discovery of the body (12). At
each stage of decomposition the food and environment
provided by the body are ideal for the development of
various groups of invertebrates known as scavengers.
Alongside conventional methods, once the necropha-
gous forms or the traces they have left at the scene of
the incident have been collected and identified, such
evidence may be an important factor in determining
the time of death.

Estimation of the time of death is a difficult task
often subject to error, which is closely correlated with
the time passed since the death. The more time has
passed, the more difficult and less precise the analysis
will be. Within the first few days after death early signs
of death are examined, including the development of
lividity and rigor mortis and the decrease in body tem-
perature (11, 17). Other tests include determination of
the degree to which the cornea has dried out. Interlethal
reactions in tissues are analysed as well. This involves

evaluation of the response of the skeletal muscles to an
external stimulus, which may be mechanical (Zsako’s
phenomenon) or electrical, or the response of the pupil
to drugs causing pupil constriction (e.g. pilocarpine or
acetylcholine) or dilation (e.g. atropine), placed in the
conjunctival sac or injected into the anterior chamber
of the eye (6, 10, 21).

Knowledge from the field of entomology is unfor-
tunately still rarely applied as an alternative method
for determining time of death. We can distinguish two
main procedures, depending on how much time has
passed since the death: the development method and
the succession method. The first involves analysing
the development of insects and establishing how long
they have been developing on the body. Following
determination of the age of the insects and their prei-
maginal stages, they are compared to developmental
models found in the literature. This is the method
used most often in the first few month after death,
mainly with flies of the family Calliphoridae, which
are first to colonize the body and are a typical indica-
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tor species. The second method is based on analysis
of the succession of arthropods colonizing the body.
Necrophagous fauna changes during decomposition,
and these changes can be exploited to determine the
time of death even after several months (14). In our
study we put forth the hypothesis that selected larval
stages of the fly Calliphora vicina are characteristic
for a particular time after death in connection with the
environmental conditions prevailing where the body is
located and the dynamics of changes in selected signs
of biological death.

A fresh carcass in the context of entomological
estimation of time of death is one found within one
month after death. Within the first 48-72 hours coro-
ners mainly use routine methods for estimating time of
death. Unfortunately, after this time these methods are
usually not reliable and entomology takes their place.

In forensic practice most bodies are unburied, so
the fauna of such carcasses has been studied in detail
and is best known. Research was begun by the French
scientist Megnin (15) in the nineteenth century in his
work La faune de cadavres, in which he described
eight links of arthropod succession. Contemporary
entomologists still base their work on Megnin’s theory,
especially within the temperate climate zone. The
number of stages of decomposition and links of succes-
sion and the quantitative and qualitative composition
of fauna depend on the location of the body and how
itis concealed. In the case of unburied bodies there are
eight links, but in the case of bodies that are buried or
immersed in water there are five and six, respectively.

The objective of the study was to determine the type
of fauna present on an

animal (dog) carcass pending on the food substrate
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The aim of the study was to establish the time of
death of a dog by comparing the entomological mate-
rial collected from the carcass with the developmental
cycle of the blowfly Calliphora vicina.

Material and methods

Two experiments were performed: the pilot experiment
and the main experiment. In the pilot experiment we deter-
mined the differences in the qualitative structure of the fly
Calliphora vicina of the family Calliphoridae depending on
the type of meat substrate in laboratory conditions. The pilot
study was conducted in autumn (October and November).
We placed pork outside a building so that Calliphora vicina
could lay eggs on it and waited until the first-instar larvae
(L1) appeared. Then the larvae were transferred to three dif-
ferent substrates. We used 250 g of pork shoulder (group 1),
turkey liver (group II) and pork liver (group III). Then
the samples were placed in an FD120 phytotron chamber.
During the experiment constant microclimatic conditions
were ensured: a temperature of 21.3°C and 72.5% humidity.
The results obtained were used to compare the duration of
each developmental stage of the fly for each type of food.

The material for the main experiment was the carcass
of a mixed-breed dog weighing 7.7 kg, which was eutha-
nized due to advanced cancer. The age of the animal was
estimated at about 10 years by examining its teeth. The
carcass was placed on the ground in a natural environment
and protected from access by humans and animals, and the
area was appropriately marked. For 40 days in the spring
(March and April) every 3-4 days material was collected for
entomological analysis and the temperature and humidity
were registered (between 10:00 and 11:00 a.m.). Eggs and
insects were collected with tweezers from the surface of

Tab. 1. Percentage share of each developmental stage of Calliphora vicina on successive days de-

left unburied in the

spring in a temper- | qime Food sun_sm“e . Significance
ate climate. The study | (days) pork shoulder turkey liver pork liver of 2 test
was aimed at identify- larvae pupae |imagines | larvae pupae |imagines | larvae pupae | imagines

ing insects collected 9 | 100.0 100.0 100.0 -
from the body and | 17 | 4182 | s18 500 | 500 1.8 | 182 -
establishing the time | 4o | 15, | 44 250 | 75.0 81.8 | 18.2 -
of death by observ-

ing the developmental 21 100.0 8.3 91.7 81.8 18.2 o
cycle of the indicator | 22 100.0 100.0 45.5 54.5 **
species Calliphora 23 100.0 100.0 9.1 90.9 -
vicina. The results 24 100.0 100.0 100.0 -
obtained were consid- | 5 100.0 100.0 100.0 -
ered withrespecttothe |, 36.4 | 636 81.8 | 18.2 100.0 =
time that had passed

since the death of the 29 18.2 81.8 63.6 36.4 100.0 **
animal. The analy- 30 18.2 81.8 45.5 54.5 100.0 o
sis enabled a prelimi- | 31 9.1 90.9 3.4 | 63.6 100.0 **
nary _determination of | 33 100.0 27.3 72.7 54.5 45.5 *
the time of death of | 4 213 | 127 182 | 818 -
the animal, while the

known, actual time of L 38 100.0 100.0 -

death was taken into

account. mental group (p <0.05), ** p<0.01

Explanation: * the number of insects in each developmental stage depends significantly on the experi-
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the body and its natural orifices, as well as from the close
vicinity of the body, and placed in sterile containers. The
material was killed by pouring hot water over it and then
preserved in a 70% ethanol solution. The samples were
stored in a room with a temperature of 4°C. The insects
were identified using studies and keys for Poland.

Statistical analysis was based on the non-parametric x>
test.

Results and discussion

In the pilot experiment the first Calliphora vicina
eggs appeared on the meat after three days of exposure
(Tab. 1). The presence of larvae was observed after five
days. The length of their development was varied. The
larvae grown on the pork shoulder and the turkey liver
had the shortest development time (8-12 and 8-13 days,
respectively). The larvae feeding on pork liver needed
slightly more time to develop (8-15 days) (Fig. 1).

Two weeks after the eggs were laid the first pupae
began to appear. From this moment the differences in
the proportions of each developmental form of the fly
were statistically significant. The larvae in group I, feed-
ing on pork shoulder, transformed into pupae fastest,
with 9 pupae appearing on the first day, as compared
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Fig. 1. Developmental stages of C. vicina depending on the type
of food substrate in laboratory conditions (pilot experiment)

to group II, feeding on turkey liver, with 6 pupae, and
group II1, feeding on pork liver, with 2 pupae. The pupal
stage was shortest in group I at 11-16 days, compared
to 11-19 days in group II, while the longest pupal stage
was noted for group III, at 1-19 days.
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Fig. 5. Dog carcass 36 days after death
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From the 28" day
of the experiment the
first adult forms of
insects were observed
in the groups fed on
pork shoulder and
turkey liver (24 days
after the eggs were
laid). Adult forms con-
tinued to appear for 4
more days in group I
and for 7 more days
in group II. In the third
group the first adult
insects did not appear
until day 33 of the
experiment (29 days
after the eggs were
laid), and they con-
tinued to appear for
the next 3 days. A sig-
nificant difference was
also observed in the
number of adult forms
appearing. In group I
seven adult individu-
als appeared imme-
diately, while there
were two in group II
and five in group
three. The experiment
was completed after
all pupae had trans-
formed into adults,
which occurred earli-
est in group I (after
33 days of the experi-
ment) and three days
later in the other two
groups. The shortest
developmental period,
from laying of eggs
to the appearance of
the adult form, was
noted for the insects
feeding on pork shoul-
der. Their cycle lasted
25-29 days, compared
to 24-32 days for the
insects feeding on
turkey liver, while the
longest developmental
cycle was noted for
the insects feeding on

Med. Weter. 2018, 74 (1), 33-38

Tab. 2. Entomological material collected from an unburied dog carcass in the spring

Dz‘é:‘?‘er Phylum Order Family Species Form No.
2 Arthropods Julidae 1
Arthropods | Diptera Calliphoridae | Calliphora vicina 2
Molluscs Stylommatophora | Cochlicopidae | Cochlicopa lubrica 1
Arthropods | Diptera Fly eggs 15
Arthropods | Diptera First-instar fly larvae 23
4 Arthropods Julidae 1
Arthropods | Diptera Fly eggs 101
Arthropods | Diptera First-instar fly larvae 45
9 Annelids Lumbricidae 1
(Annelida)
Arthropods | Diptera Fly eggs 182
Arthropods | Diptera First-instar fly larvae 46
1 Molluscs Stylommatophora 1
Arthropods | Hemiptera Pyrrhocoridae | Firebugs 1
(Pyrrhocoris apterus)
Arthropods | Diptera Calliphoridae | Calliphora vicina 2
Arthropods | Diptera Fly eggs 83
Arthropods | Diptera Second-instar fly larvae 27
15 Arthropods Julidae 1
Arthropods | Diptera Calliphoridae | Calliphora vicina 1
Arthropods | Hymenoptera
Arthropods | Diptera Fly eggs 99
Arthropods | Diptera First-instar fly larvae 6
Arthropods | Diptera Second instar 28
23 Arthropods Julidae 2
Arthropods 1
Arthropods | Coleoptera Staphylinidae | Philonthus tenuicornis 2
Arthropods | Diptera First-instar fly larvae 18
Arthropods | Diptera Second instar 42
Arthropods | Diptera Third instar 28
25 Arthropods Julidae 2
Arthropods | Diptera Second-instar fly larvae 17
Arthropods | Diptera Third instar 8
Arthropods | Coleoptera Beetle larva 1
32 Arthropods Julidae 2
Arthropods | Coleoptera Staphylinidae 4
Arthropods | Coleoptera Cleridae Necrobia violacea 1
Arthropods | Diptera Third-instar fly larvae 34
36 Arthropods Julidae 4
Arthropods | Coleoptera Staphylinidae 2
Arthropods | Coleoptera Cleridae Necrobia violacea 1
Arthropods | Diptera Third-instar fly larvae 13
Arthropods | Diptera Fly pupae 2

pork liver, at 29-32 days.

The main experiment on the unburied dog carcass
enabled observation of the stages of decomposition of
the carcass: fresh carcass, autolysis, decay, the begin-

nings of fermentation, and finally the beginning of partial
desiccation of the carcass (Fig. 2-5).

Identification of the entomological material collected
showed that the body was colonized by three classes of
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arthropods: millipedes (Diplopoda), arachnids (Arach-
nida) and insects (Insecta) (Tab. 2). The most abundant
group was insects, and among these flies in various
developmental stages. We also collected Gastropoda
representing the phylum Mollusca and Oligochaeta
representing the phylum Annelida. The following
insect species were distinguished: Calliphora vicina,
Cochlicopa lubrica, Pyrrhocoris apterus, Philonthus
tenuicornis and Necrobia violacea. The first of these,
Calliphora vicina, merits particular attention. It is one
of the most important indicator species and on the basis
of its developmental cycle it is possible to determine
approximate time of death.

The development of Calliphora vicina lasts 27.7 days
at a temperature of 16°C and 29.8 days at 15°C. The
ambient temperature in March and April, measured at
10:00-11:00 a.m., ranged from 7.0 to 23.5°C, and aver-
aged 15.7°C. It was assumed that in these conditions
the development of C. vicina would take from 27.7 to
29.8 days. During the first collection of material, on the
second day after the death of the dog, a countless number
of eggs and the appearance of the first larval instar of
flies were observed, as well as adult forms of C. vicina.
Eggs and first-instar larvae were collected regularly on
subsequent days as well, up to and including the 36™ day
after the death of the animal. Material from days 11 to
15 after the death contained second-instar larvae in addi-
tion to eggs. The next stage, i.e. the third larval instar,
was collected from day 23 to the end of the experiment,
and on the 36™ day pupae were collected as well. The
developmental stages of C. vicina are presented in Fig. 6.

An attempt was made to determine time of death
on the basis of the developmental cycle of Calliphora
vicina. Niederegger et al. conducted a similar study
using different foods for blowfly larvae (18). The authors
observed the developmental cycle of two species of the
tamily Calliphoridae on minced meat: turkey, beef and
a mixture of the two, as well as on non-minced turkey
meat and turkey, beef and pork liver. They showed that
the development of Calliphora vicina was not influenced
by the food substrate, whereas C. vomitoria had lower
body weight on the non-minced meat in comparison to
the minced meat, irrespective of the kind of meat. Both
species had a slightly reduced total development time on
various types of meat, except for the liver. Comparison
of the results obtained in our study shows similar rela-
tionships, particularly in the case of the pork liver, where
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Fig. 6. Developmental stages of C. vicina collected on different
days after the death of the dog in field conditions
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the developmental cycle in some individuals was 3-5
days longer than on the pork shoulder.

Pork shoulder is mainly a source of complete animal
protein and contains little fat. Female blowfly scavengers
must feed on protein for their eggs to develop normally
(3). The experiment showed that a large amount of pro-
tein also leads to a fast development rate. On the other
hand, pork and turkey liver, in addition to being a good
source of protein, iron and vitamins, also contain toxins
that may be the cause of slower larval development.

Variation in the growth and development of necropha-
gous insects depending on the food source was observed
by Rabélo et al. (20), who reared insects on beef, sar-
dines, chicken egg and rumen tissue. They demonstrated
differences in the weight of particular developmental
stages of the insects, while their duration and the total
time required until they attained their adult forms was
similar irrespective of the food used.

Kaneshrajah and Turner (9) reported that growth
curves for C. vicina larvae differ substantially depend-
ing on the type of food. Larvae developed 2 days earlier
in brain tissue, lungs, kidneys and heart than in liver.

Clark (2) compared the development of another blow-
fly species, Lucilia sericata, and also found that the rate
of development varied depending on the food source.
The author determined that the larvae of this species
developed faster on heart and lung tissue from pigs than
on liver. The larvae were also longer and transformed
into pupae earlier.

Kaczorowska and Draber-Monko (7) found that the
time of development of insects on pork and on turkey
liver was similar. The authors also analysed the rela-
tionship between the development of the insects and
temperature, and noted the presence of adult forms
of Calliphora vicina after 20-25 days at 18-20°C. In
our study, however, the insects feeding on pork liver
developed significantly more slowly despite the higher
temperature and did not complete their developmental
cycle until 29 days after the eggs were laid.

Anderson (1), who also studied the relationship
between the development rate of blowflies and tempera-
ture, reported that larvae appeared after 19 days at a tem-
perature above 23°C and after 21 days at a temperature
0f20.6°C. The objective of the study was to observe the
decomposition process and identify the developmental
cycle of insects colonizing unburied remains. The mean
temperature during the present study was about 21.3°C,
but the presence of adult forms of insects was not noted
in any of the groups until after 28 days from the start
of the experiment and 24 days after the eggs were laid.
Pupae also appeared later than in the study cited; 17
days from the start of the experiment and 13 days after
the eggs were laid.

These data indicate that besides temperature, the
food source also differentiates the development rate of
these flies.

The use of entomological methods to estimate time of
death may be particularly helpful in cases where decom-



38

position is advanced and post-mortem changes make
it impossible to use traditional methods. Payne (19)
conducted an experiment on unburied piglet carcasses
in the summer in South Carolina (USA). The arthropods
studied by Payne belonged to 422 species, and domi-
nant among these were flies (mainly Sarcophagidae,
Calliphoridae and Muscidae) and beetles (Histeridae
and Staphylinidae), accounting for 60% of the insects
collected.

In the temperate climate zone a pioneer in research on
the succession of insects was Megnin (15), who at the
end of the 19™ century took up the subject in his work
La faune de cadavres. He described 8 forms of unburied
remains (fresh carcass, initiation of decay, butyric fer-
mentation, decomposition of proteins, ammoniacal fer-
mentation, drying out of remains, complete desiccation,
skeletonization), and his scale is still used today. The
scale was modified by Early and Goff (4), who defined
5 stages of decomposition: fresh carcass, bloating,
active decay, post-decay and dry remains. Marchenko
(13), who conducted research in the former Soviet
Union, partially confirmed Early and Goff’s theories. In
Central Europe the study of fauna of unburied carcasses
was undertaken by Grassberger (5), who presented his
results in a table describing 42 species belonging to 20
arthropod families.

The results of our analysis of the fauna colonizing
a dog carcass during the spring in the temperate climate
zone of Poland confirm the occurrence of the same
arthropods and indicator species used to determine time
of death in the case of carcasses of other animal species.
The time from the appearance of eggs and first-instar
larvae to the development of second-instar larvae is 9
days, while third-instar larvae appeared after 21 days
and pupae were found 34 days after the start of the
experiment. This is somewhat longer than in the results
obtained by Kamal (8) and by Kaczorowska and Draber-
Monko (7), but daily fluctuations in temperature, which
dropped significantly at night, should be taken into
account, as this may have prolonged the developmental
cycle of the blowfly.

Experiments on dog carcasses may in the future
contribute to the development of research enabling
determination of the time of death of animals, which
is a subject of increasing interest in forensic veterinary
medicine. Special research facilities called body farms
are devoted to the study of decomposition processes and
necrophagous fauna colonizing human corpses (16).
Unfortunately, there are no such facilities in Poland,
mainly for cultural, bioethical and legal reasons, which
greatly impedes the development of forensic entomol-
ogy and research on the succession of arthropods in our
region. Therefore research on animals has a chance to
contribute to the development of entomological methods
used in forensic medicine in Poland and to populariza-
tion of this research method among judicial bodies.

Forensic entomology, using knowledge on the biology
of' necrophagous insects, makes it possible to determine
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the date and sometimes even the place and causes of
death. The length of the developmental cycles of insects
depends on ambient conditions, so studies should take
as many criteria as possible into account. Succession
of arthropods, as well as the species composition and
indicator insects of particular stages of decomposition,
is very similar in human and animal carcasses, which
may facilitate research, e.g. due to ethical considerations.
Forensic entomology has a strong chance of replacing
traditional methods for determining time of death, par-
ticularly in cases when more time has passed since death.
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