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ABSTRACT
Forensic entomology uses different stages of arthropods as an entomological evidence at death scene
to estimate the postmortem interval (PMI) using either succession waves or maggot age and its development. The arthropod succession patterns are greatly affected by temperature and humidity. Their development rate also differs physiologically depending on their geographical origin. Therefore the knowledge
of local fauna is very useful in forensic investigations. Data from other areas having both different environmental and faunal characteristics might provide insufficient degree of accuracy. The aim of this study
is to document arthropod fauna and succession pattern in relation to decomposition stages of human left
over parts, in Assiut, during spring-summer season. The experiment was performed during springsummer season. Human left over parts from orthopedic theatre were used. Specimens were placed in a
box, floored with soil and protected with scavenger-exclusion cage and placed upon the roof of Faculty of
Medicine, Assiut University Campus. Inspection of the specimens was done and at each visit flying
insects, larvae and crawling species were collected. Immature stages were reared in the laboratory till
adult stage in order to be identified. The results of main insect groups were discussed in relation to
decomposition stages. Many insect species were identified and the following orders were represented:
Diptera (Calliphoridae, Sarcophagidae, and Muscidae), Coleoptera (Dermestidae) and Hymenoptera
(Formicidae). Preliminary documentation of entomofauna of Assiut city (arid, urban environment)
revealed that Diptera was the predominant group followed by Coleoptera. Chrysomya albiceps was the
predominant species and the only Calliphora species found to colonize the human tissues.
Keywords: Forensic Entomology, Insect Succession, Human Left Over Parts.

INTRODUCTlON
Forensic entomology is the science,
which applies knowledge of insects and
Mansoura J. Forensic Med. Clin. Toxicol.

other arthropods to civil proceedings and
criminal trials (Turchetto and Vanin,
2004). Each group of arthropods plays a
given role in different stages of decompoVol. XVII, No. 1, Jan. 2009
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sition of organic matter, a particular
group being defined by the feeding habits of its members. The usual classification of sacrosaprophagous fauna divides
them into five distinct ecological groups;
necrophages which arrive first and eat
from the corpse; necrophiles, which feed
on necrophages inside the corpse by predation or parasitism; omnivores, which
feed on the corpse and associated fauna;
opportunists, which use the corpse as refuge, source of heat, etc. and accidentals,
whose presence is due to chance. In general, necrophages, necrophils and omnivores are the most important for forensic
purpose (Arnaldos et al., 2005).

tion and environmental conditions in
which a carcass occurs. Studies on carrion
arthropods had been conducted in several
regions of the world to determine the species composition and succession patterns
(Tabor et al., 2005).

The main aim of forensic entomology
is to establish the post mortem interval
(PMI) or time elapsed since death by using information on the insects that visit
the corpse. There are two methods; first
using the developmental stages of flies
found on corpse as they first lay eggs on
the body (Catts, 1990). A second method
uses the succession patterns of carrion- arthropods, the type and composition of
fauna change in a predictable pattern as
decomposition progresses through different stages (Schoenlly et al., 1996). The rate
of carrion decomposition and arthropod
succession are influenced by many factors,
the more important are temperature, humidity, rainfall and abundance of insects
(Tantawi et al., 1996). The pattern of arthropod succession is specific to the loca-

MATERIAL AND METHODS
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However, there are no published data
on the forensically important insects in
Assiut city, Egypt.
The aim of this study is to document
the entomofauna and its succession pattern in relation to the decomposition stages of human tissue during spring-summer
season.

Site description: The study was carried
out in Assiut city Capital of Assiut Governorate, located 375 km South to Cairo.
Assiut Governorate is known to occur in
the Great Desert region. Assiut city, geographical position ranges from longitude
30o45' to 31o 27' east and from latitude 26
o45' to 27 o45' north (Moatamed, 2005). The
study was located in Assiut University
campus (31o 09' E, 27o 11' N) about 2 km
north to city centre. Elevation of the study
site was 39 meter above the sea level and
was 15 meter above the ground level. Coordinates and elevation of the study site
were taken on the day of placement with
handheld GPS unit (e-trex vista, Garmin
corp., Olathe, KS) .
Vol. XVII, No. 1, Jan. 2009

Galal et al ...

The average maximum temperature for
spring and summer in Assiut are respectively 31.3oC and 37oC while the average
relative humidity is for spring 28% and
33% for summer (Moatamed, 2005).
Daily weather data (mean of maximum and minimum) temperature and
relative humidity were acquired from
the Egyptian Meteorological Authority,
Assiut station in the university campus.
Experiments: Two experiments were
performed during spring-summer season.
First experiment included two specimens
and the second experiment included three
specimens of human leftover parts
(HLOP). HLOP were provided from orthopedic surgical theatre after tumor mass
excision (osteosarcoma excised from the
lower thigh or upper leg). Each specimen
includes skin, muscles and bone. They
were weighting about 2- 2.5kg. They were
exposed on soil-floored boxes protected
by vertebrate scavenger-exclusion cage
made of stainless steal (100x 80 cm and 15
cm height). The first experiment was initiated on 5th May 2007 and the second on
13th May 2007. The second experiment
lasted until skeletalization occur. Observations were recorded on the physical
changes of the HLOP over time (color,
degree of swelling fluid oozing, size of the
remaining part, ect…) every visit. After
the end of the experiments the rest of the
Mansoura J. Forensic Med. Clin. Toxicol.
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specimens were buried according to Islamic rules.
On-site procedure: Inspection of the
HLOP was done every day during early
decomposition stages at 10 am and 6 pm
then every two days in later stages. At
each visit larvae and crawling species
were collected with a forceps. The specimens were gently lifted to sample the
fauna underneath searching for post
feeding larvae and pupae. They were
also collected up to 2 meter around the
experiment box. Flying insects were
captured by an aerial net before the
carcass was moved. Collected adult flies,
beetles and other insects were killed by
ethyl acetate and placed in numbered and
dated vials containing 70% alcohol until
further
identification (Centeno et al.,
2002). The collected arthropod larvae and
pupae were divided into two groups: the
first group was killed in hot water then
placed in vials containing 70% alcohol for
further identification. Then the preserved
larvae were prepared according to Lee et
al (2004). The second group was kept alive
and reared in the laboratory by transferring them into dry glass jar with small
pieces of cow liver on a layer of saw dust.
Dry saw dust was added to larvae to pupate (Tantawi et al., 1996). Larvae and
adults were determined according to specific keys (Greenberg, 1971; Mosallam,
1980; Shaumar et al., 1989; Wells et al.,
1999).
Vol. XVII, No. 1, Jan. 2009
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RESULTS
The first experiment results:
The experiment had started on the 5th
May 2007, the specimens showed dryness
of the tissues, dark brown coloration, and
hardness of skin and underlying tissues.
All along their observation for about
two weeks there were no insects seen colonizing the specimens at any stage of their
development; adults, eggs or larvae. During this period the relative humidity recorded its lowest level and highest air
temperature (Figs. 1 & 2).
The second experiment results:
A total of 9 genera (Table 1) of insects
representing three orders and six families
are found to coexist in different decomposition stages of the human left over parts.
(Tables 2 & 3).
Decomposition stages are classified according to Reed (1958).
1. Fresh stage of decomposition: It begins at 13-14 May from day 1-2 of the experiment (one day duration).
This stage begins at the moment when
the specimens were excised and installed
in the experiment box and continues until
bloating is first evident. There were neither gross morphological changes nor
odor of decay. Adult dipteran flies were
Mansoura J. Forensic Med. Clin. Toxicol.

catched while visiting the HLOP. Calliphoridae represented by Chrysomya albiceps (Fig. 3) and few Sarcophagidae represented by Sarcophaga carnaria and
Wolhfahrtia. It was noticed that Calliphoridae were dominating over Sarcophagidae. Hymenoptera of family Formicidae
(large and small sized adults) of an unidentified species are found wandering
over the specimens.
2. Bloated stage of decomposition: It
begins at 15-23 May from day 3-11 of the
experiment (8 days duration).
It begins with slight swelling of the
specimens, discoloration and odor of decay became noticeable. Small amount of
decomposition fluids were oozing beneath
the specimens. Flying adults were still frequenting the HLOP. Sarcophagidae (Tables 2 & 3) had increased until to be scarce
at the end of the stage, in addition to colored adult flies (Table 2) and adults Musca
domestica. Larvae of variable sizes had
appeared; they were collected and reared
in the laboratory. After 10-12 days they
emerged as adults Chrysomya albiceps,
Sarcophaga carnaria, Wolhfahrtia beside
two colored flies of unidentified species.
Some larvae were detected crawling out,
one meter away from the box. They were
reared and the emerging adults were identified as Sarcophaga carnaria. At the 6th
day, adult beetles of the family Dermestidae were observed. Ants of unidentified
Vol. XVII, No. 1, Jan. 2009
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species still detected and continued till the
end of decay stage.

ment at 31 July from day 33-80 of the experiment (47 days duration).

3. Decay stage of decomposition: It begins at 24 May- 13 June from day 12-32 of
the experiment (20 days duration).

It is the final stage at which most of the
fleshy tissue disappeared. The odor started to fade and the specimens consisted of
only dry skin and bone. Later after decaying of all the soft tissues the skeletalization
occurred.

This stage was characterized by the release of gases and deflation of the specimens. After nine days of adult beetles appearance, beetles larvae started to colonize
the specimens. They were found in great
abundance among the muscular mass and
bones and increased in number vigorously. Rearing of these larvae yielded in the
adult Dermestes species after 15-18 days.
Numerous adults Dermestes species were
detected under the specimens and around
them in the soil (Table 3).
Only large dipteran larvae were found,
they were reared and identified as Chrysomya albiceps adults. Morphologically
different pupae were detected. Smooth
surfaced light brown pupae were found
on the edge of the box buried in the soil.
Rough surfaced dark brown pupae were
under the specimens while some others
were buried in the soil. Rearing of these
pupae revealed Sarcophaga carnaria,
Wolhfahrtia species and Chrysomya albiceps (from rough surfaced pupae) after 4-7
days.
4. Dry stage of decomposition : It begins at 14 June till the end of the experiMansoura J. Forensic Med. Clin. Toxicol.

In the first half of this stage, only larvae
of beetle`s and their larval exuviae (skin)
were detected and collected. Rearing of
the larvae yielded adult Dermestes species. Many dipteran's pupae and empty
pupal cases were found all along this
stage.
DISCUSSION
During the interval of 5th May and 31st
July 2007 observation of the two experiments yielded significant information concerning the sequence and composition of
the local HLOP visiting fauna during the
spring summer season as well as the duration of decay rates in an urban arid region
like Assiut city.
In the first experiment, which had started on 5th May there was no colonization of
any insects on the specimens: they got
mummified (dry, shrunken and dark color). The mean air temperature during this
week was 38.5oC +3.8 and humidity of
21% (Fig 1 & 2). This result is in accorVol. XVII, No. 1, Jan. 2009
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dance with Greenberg and Kunich (2002).
They labeled these cases as ‘no fly cases’
due to complete absence of flies and their
immature stages. They believed that it’s
due to consequence of various factors such
as extreme temperature and diversity of
the cause of death. Introna and Campobasso (2000) stated that diptera do not oviposit on dehydrated or mummified tissue,
as eggs and larvae need moisture for successful development.
The second experiment that started
on 13th May, the duration of each stage of
decomposition was compared with other
studies in the same season. In this study
the fresh stage took only one day as noticed by Tantawi et al., (1996) and Aggarwal (2005) but shorter than Grassberger
and Frank (2004) which was 2 days. The
present bloated stage was 8 days which is
longer than that observed by Tantawi et
al.,(1996) but similar to Aggarwal (2005)
and shorter than Grassberger and Frank
(2004).
The bloated stage period is more dependable on the number of larvae infesting the carrion (Tantawi et al., 1996). The
prolonged bloated stage of the current
study might be due relative low diversity
of their invading larvae. The present decay stage was more prolonged than that
observed by others (Tantawi et al., 1996;
Grassberger and Frank, 2004) and similar
to Aggarwal (2005). This may be attributMansoura J. Forensic Med. Clin. Toxicol.
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ed to the fact that the left over parts used
did not contain intestine from which putrefactive bacteria originated. The muscles
were the main constituent of the specimens which is made of protein that is under the bacterial action undergoes putrefaction and produce decomposition by
products. Marchenko (2001) stated that
the duration of individual stages of biological decay in the cadaver is considerably
affected by meteorological factors. The duration of the 1st, 3rd and 4th stages were
found to be inversely proportional to the
total radiation, air, ground surface temperature and solar radiation period. The relative air humidity is directly proportional
to the 3rd and 4th stages but has no pronounced effect on the 2nd stage.
Habitat, high temperatures with low
relative humidity and size of the carrion
played a great role in altering the diversity
of carrion-breeding arthropods in the
present study. In the present study nine
genera were found to coexist (Table 1).
Tomberlin and Adler (1988) found only 5
species of calliphorid, attributing this poverty to the habitat (exposed plowed field).
Hwang and Turner (2004) collected the
lowest total species richness (5 species)
from a roof site in London. Similarly, the
present habitat was on a roof 15 meter
above the ground level. Such height position allowed smaller flying dipterans like
Lucilia sp to be more effectively isolated
as they do not have the higher metabolic
Vol. XVII, No. 1, Jan. 2009
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rate as present in bigger Calliphorid or
Sarcophagid (Von Aesh et al., 2003). In
comparison to other studies done in Egypt
by Hegazi et al. (1991) and Tantawi et al.
(1996) performed under different habitat
conditions; the diversity number was
relatively higher in the respective season.
Although, the collected arthropods species
of Tantawi et al. (1996) still less in diversity in spring and summer season than other studies (Reed, 1958; Rodriguez; Lord
and Burger, 1984; Arnaldos et al., 2004) in
the similar seasons. Such contrast agrees
with the present study and the Chittaro et
al. (2005) work where they collected only
4-5 species during the famous hot summer
wave of 2003. Therefore we could assume
that the high temperature, which has been
also recorded in the current study (Fig. 1),
had accelerated the decomposition process, meaning that the carrion is reduced
to bones in a shorter time period leading
to rapid depletion of food resource and reduction of arthropod colonization time.
Chittaro et al. (2005) assumed that this
food shortage had also implied a very low
reproduction, consequently reducing drastically blowflies' population.
The small size of the carrion leads to its
rapid consumption by its early invaders
giving no chance to later colonizers. This
met with the low diversity observed by
Tomberlin and Adler (1988) and with the
present small carrion. Moreover, the human left over parts used in the current
Mansoura J. Forensic Med. Clin. Toxicol.
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study retained less moisture (skin, muscles and bone) than other study (Iloba and
Fawole, 2006) by which reducing its attractiveness. In general, Egypt has limited species richness (Larsen, 1989).
The succession of arthropod fauna
observed on the carrion of the present
study follow the same general pattern
found in both tropical and temperate areas: rapid invasion of specimens by adult
Diptera (calliphorids and sarcophagids)
and ants. It was followed by the appearance of dipterous larvae and adult coleopterans during which the arthropod diversity reaches its maximum, then the
marked decrease in arthropod richness
and their dispersal from the carrion in the
last stage of decomposition. (Table 2)
which is in agreement with the views of
Schoenly and Reid (1987) and Tantawi et
al. (1996). The overwhelming majority of
the insects were the flies and beetles,
which formed a complex food web within
the carrion.
Blowflies are attracted to human
corpses within minutes (Nuorteva, 1977;
Erzinclioglu, 1983; Erzinclioglu, 1996).
They came up from their birth place
over great distance to reach up their
lay down places (Macleod and Donelly,
1963). They detect carcasses primarily by
odor, but the attractiveness varies with
the degree of decomposition (Nuorteva,
1977).
Vol. XVII, No. 1, Jan. 2009
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Chrysomya albiceps one of the calliphorids detected in this study is a wellknown hemisynanthropic fly and generally described as a tropical and subtropical
species (Hall and Smith, 1993). Chrysomya albiceps had been mentioned to occur
in Egypt as one of the most important carrion breeding fly by Omar (1995), Tantawi
et al. (1996), Adham et al. (2001) and Attia
(2002).
Chrysomya albiceps adults were found
on the carrion as soon as fresh stage. Similar observation was documented by Tantawi et al. (1996) in contrast to Grassberger
and Frank (2004) and Arnaldos et al.
(2005) where they were found only in the
bloated stage. Chrysomya albiceps was
the dominant dipteran fly in the current
study as it was present all along the decomposition stages in its different developmental stages. Similar domination was
stated by Grassberger and Frank (2004).
Hanski (1987 a, b) observed that sarcophagid females have less fecundity than
oviparous calliphorid female beside they
don't deposit their larvae on one carcass
unlike the oviparous calliphorid. Chrysomya albiceps larvae is known to have
predatory activity on larvae of other Diptera and themselves as stated by Omar
(1995), Tantawi et al. (1996) Bartholo et al.
(2002) and Grassberger and Frank (2004).
Therefore, it was the only larvae collected
during the decay stage. Chrysomya albiceps is not recommended to be used as
Mansoura J. Forensic Med. Clin. Toxicol.
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biogeaographic indicator in our country
due to its wide distribution over Egypt
(Tantawi et al., 1996; Hegazi et al., 1991;
Omar, 1995; Adham et al., 2001; Attia,
2002) but still one of the reliable fly in estimation of PMI.
Sarcophagidae in this study were represented by Sarcophaga carnaria and Wolhfahrtia sp. Sarcophaga carnaria adults
were captured early as the fresh stage.
(Table 2). Their larvae were reared and
emerged as adults. Sarcophaga carnaria
was recorded in Assiut by Attia (2002) in
spring and summer. In Alexendria neither
Hegazi et al. (1991) nor Tantawi et al.
(1996) found it as carrion breeding sarcophagid in any of the studied season, although they found other Sarcophaga sp.
Wolhfahrtia sp. adults were emerged
from reared larvae and pupae in spring
season unlike Tantawi et al. (1996) Wolhfahrtia adults were absent in spring and
present in summer. This variation in season activity might be due to great climatic differences between Assiut (Moatamed, 2005) and Alexandria in spring
and summer seasons.
The flies sequencing was not established in this study according to Fuller
(1934); O'Flynn and Moorhouse (1979);
Braack (1981) and Tullis and Goff (1987)
stated that Calliphorinae are primary species invaders and Chrysominae are seconVol. XVII, No. 1, Jan. 2009
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dary one, whenever they co-exist and this
match with the observation done by
Tantawi et al. (1996). But, in the current
study Calliphora species was absent, only
Chrysomya albiceps as one of the members of subfamily Chrysomyinea was captured with Sarcophaga carnaria during
first day the visit. Therefore, on the opposite, Payne (1965); Early and Goff (1986)
stated that flesh flies are primary invaders
of carrion in warmer temperate and tropical regions. Sarcophagidae was also found
to precede Chrysomya rufifacies in succession by Greenberg and Wells (1998). The
current study had no explanation for such
observations; therefore more investigations are needed to be performed under
similar conditions.
The order Coleoptera is the largest order of insects; the beetle fauna of corpse
has received adequate attention during
studies though its true assessment as forensic indicators, as some authors (Greenberg and Wells 1998; Bharti; Singh, 2003)
used Dermestes maculates.
During the present study, beetles belonging to one genera were collected,
namely, Dermestes species. Adults have
been observed at 6th day of decomposition
till the first half of the dry stage and
their larvae appeared early as day 15 and
remain until late dry stage. This observation was in agreement with Tantawi et al.,
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(1996) and Arnaldos et al., (2005). On the
other hand, Rodriguez and Bass (1983)
and Early and Goff (1986) studies, observed that Dermestidae were confined to
later stages of decomposition and especially the dry stage. While Grassberger and
Frank (2004) detected adult Dermestes
maculates at day 19 of decomposition and
their larvae don't appear until the day 55
of decomposition
During the present study, Coleoptera
was the second dominant insect order following Diptera. Dermestes sp occupied
most of the decomposition stages represented by many of its developmental
stages e.g; adults, larvae, pupae and larva
exuviae given the scarcity of faunistic
studies of the sarcosaprophagous community in Egypt (Hegazi et al., 1991; Tantawi et al., 1996; Adham et al., 2001). More
studies should be carried out in different
geogra-phical situations and different habitats to confirm the present study preliminary observations. Thus, it will provide
information on possible variations, in the
qualitative composition of the community
fauna.
The present study is just an initial
study to document the visiting fauna in
our locality in spring- summer seasons.
Further studies in our locality are
needed on the development curve of
these fauna, the visiting fauna in au-

Vol. XVII, No. 1, Jan. 2009

Galal et al ...

tumn- winter seasons and changing the
site of the experiment.
In conclusion the obtained information
could constitute a useful data base for
both forensic entomology investigations
and in medical field in cases of myiasis.
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Table (1) : List of the arthropods collected from the human left over parts in Assiut
city, during spring-summer season.
Order
Diptera (true flies)

Family
Calliphoridae

Genus and species
Chrysomya albiceps
Unidentified species
Unidentified species

Sarcophagidae

Sarcophaga carnaria
Wolhfahrtia sp

Coleoptera (beetles)

Hymenoptera

Muscidae

Musca domestica

Dermestidae

Dermestes sp

Unidentified

Unidentified sp

Formicidae

Unidentified species

Mansoura J. Forensic Med. Clin. Toxicol.
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Table (2) : Succession of insect species collected from human left over parts in Assiut
City during spring-summer season 2007.
Decomp. stages
Fresh stage
(one day)

Order and family
Diptera

Calliphoridae

Genus and species
Chrysomya albiceps

Sarcophagidae Sarcophaga carnaria
Wolhfahrtia sp
Hymenoptera Formicidae
Bloated stage
(8 days)

Decay stage
(20 days)

Dry stage
(47 days)

Diptera

Unknown sp

Stage detected
Adult
Adult

Adult

Calliphoridae Chrysomya albiceps
Unidentified species
Unidentified species

Adult and larvae
Larvae
Larvae

Sarcophagidae Sarcophaga carnaria
Wolhfahrtia sp
Muscidea
Musca domestica
Coleoptera
Dermestidae Dermestes sp
Unidentified Unidentified sp
Hymenoptera Formicidae Unknown sp

Adult and larvae
Adult and larvae
Adult
Adult
Adult
Adult

Diptera

Larvae and pupae
pupae

Calliphoridae

Chrysomya albiceps
Unidentified species

Sarcophagidae Sarcophaga carnaria
Wolhfahrtia sp

pupae
pupae

Coleoptera

Dermestidae

Dermestes sp

Adult and larvae

Coleoptera

Dermestidae

Dermestes species

larvae

Unknown species

Adults

Hymenoptera Formicidae

Decomp. : Decomposition

Mansoura J. Forensic Med. Clin. Toxicol.
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Table (3) : Numbers and percentages of the arthropods collected from human left over
parts in Assiut City during spring-summer season 2007.
Decomposition
Stages
Genus and Species

Fresh stage

Bloated stage

Decay stage

Dry stage

n

%

n

%

n

%

n

%

Chrysomya albiceps

65

32.02

52

17.7

15

7.7

5

7.04

Unidentified species

12

6

22

7.5

17

8.7

2

2.8

Unidentified species

10

5

25

8.5

22

11.2

7

10

Sarcophaga carnaria

43

21.1

55

18.8

45

23

10

14.03

Wolhfahrtia

33

16.3

45

15.4

15

7.7

5

7.04

Musca domestica

25

12.3

33

11.3

24

7.1

15

21.1

Dermestes species

0

0

3

1.02

25

12.8

8

11.2

Unidentified species

5

2.5

35

12

13

6.6

4

5.6

Unidentified species

10

5

23

7.8

20

10.2

15

21.1
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45
38.5

40

35.2

36.8

38

37.4

35.8

37.1

35

Mean

38.6

Maximum
Minimum

30
25

38.2

20.8

21.2

20.5

20.6

21.7

21.4

21.8

22.1

22.6

20
15
10
5
0
1-10
May

11-20
May

21-31
May

1-10
June

11-20
June

21-30
June

1-10
July

11-20
July

21-31
July

Fig. (1) : Air temperature at Assiut city (oC) during May, June and July months.

40
35

32
30

30
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25

%

27

31

33

32

28

21
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15
10
5
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21-31
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1-10
June

11-20
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21-30
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1-10
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11-20
July

21-31
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Fig. (2) : Relative humidity (daily %) in Assiut city during May, June and July months.
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Fig. (3) : A photograph of the adult Chrysoma albiceps and its pupa.
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vK q—_« UOKBH VUF vK WOË√ W«—œ
dB ≠ ◊uO√ WM b v W uAJ WOœ¬ ¡«e√
Y « v ÊudA*«
*bOL(«b

vO vU Æœ
fu kOH(«b ¡U œ Æœ

e eF«b bL√ ¡UO* Æœ
s‡ rFM*«b U‡— Æœ

dB ≠ ◊uO √ WFU ≠ VD« WOK ≠ *WOJOMOKù« ÂuL «Ë v dA« VD«Ë UOKOHD« ÂU √ s
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