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ABSTRACT This study describes for the Þrst time the necrophagous insects attracted to carcasses
of theEuropean rabbit in themountainsofAl-BahaProvinceof southwesternKingdomofSaudiArabia
(KSA). Twenty-four rabbit carcasses were exposed in 2010 during spring (March, April, and May),
summer (June, July, andAugust), and autumn (September,October, andNovember). The calliphorid
ßy species, Calliphora vicina Robineau-Desvoidy, Chrysomya marginalis (Wiedemann), Chrysomya
chloropyga (Wiedemann), Chrysomya albiceps (Wiedemann), and Lucilia cuprina (Wiedemann), the
sarcophagid Liosarcophaga babiyari (Lehrer), and muscoid ßies Musca domestica (L.) and Musca
stabulansFallénwere attracted to the carcasses. Seven species ofColeoptera, the dermestidDermestes
maculatus (De Geer), three species of hister beetles, Saprinus moyses Marseul, Saprinus ruber gem-
minigeri, and Saprinus chalcites (Illiger), the tenebrionid Himatismus sp., the clerid species, Necrobia
ruficollis (F.), and the staphylinid beetle Creophilous maxillosus (L.) were also attracted to the rabbit
carcasses. One species of adult pteromalid ßy pupal parasitoid Nasonia sp. was also collected. The
dominant larvaeonall the rabbit carcasseswereCh. albiceps,L. cuprina, andLi. babiyari. Insect activity
caused rabbit carcasses to decompose faster during summer (21.38 � 0.49 d) compared with spring
(27.5�0.73d)andautumn(30.38�0.50d).This study indicates that in this regionofKSA,Ch.albiceps,
L. cuprina, and Li. babiyari are species useful for estimating minimal postmortem intervals.
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Afterdeathof anexposedanimal, a successionof fungi,
bacteria, and insects colonize the carcass under var-
ious air temperature conditions. Flies (Diptera) are
among the Þrst insects attracted to the earliest stages
of decomposition (Byrd and Castner 2010). Beetles
(Coleoptera) usually invade soon afterwards (Byrd
and Castner 2010). These insects can mate, oviposit,
and develop on the carcass producing distinctive
necrophagous communities (Catts and Goff 1992). As
decomposition progresses, taxa of insects disappear
over time, whereas others will increase in numbers.
Numerous studies of necrophagous communities have
been carried out in many regions of the world, but
relatively few in the Middle East (Tantawi et al. 1996,
Al-Mesbah 2010, and Al-Mesbah et al. 2012).

This study is the Þrst report of the succession of
necrophagous insects using European rabbit carcasses
exposed in Al-Baha Province in the southwestern
mountainous region (2,221 � 71 m a.s.l.), Kingdom of
Saudi Arabia (KSA). This study documents the dom-
inant insects that colonize European rabbit carcasses
from the moment of exposure to the dry carcass stage
of decomposition from March to December 2010. A
timetable was constructed based on the occurrence of
each insect species colonizing the carcasses.

Materials and Methods

The Animal Use Committee of King Khalid Univer-
sity, Abha, KSA, following protocols suggested by the
European Union Committee of Animal Use in Re-
search, granted permission to use rabbits as a research
animal. No speciÞc permits were required, as rabbits
are considered animals of domestic consumption.

Study Site. Al-Baha Province (total area 11,000
km2) is situated in the southwestern KSA between
Mecca andAseer (Fig. 1). Theprovince is divided into
three distinct regions, and this study took place in the
SarahRegion(20�01�43�N,41�46�19�E, 2221.5�73m,
a.s.l.). The study region is characterized by relatively
highmountainswith temperateweather andextensive
plant cover resulting from relatively high annual rain-
fall. Trees averaged 1.5 m in height. Ground cover is
mostly grasses after the end of winter rainfall during
December, January, and February. The daily maxi-
mumandminimumair temperature, relative humidity
and rainfall, were recorded using a Wireless Weather
Station (La Crosse Technology, LA Crosse, WI)
model 1543 XLS during the study periods.

AnimalModel. TheEuropean rabbit,Oryctolagous
cuniculus (L.) (mean weight 1.5 � 0.44 kg) was used
as the animal model. Pigs are typically used for similar
studies, but this animal is not allowed in KSA because
of Islamic Law. Rabbits have been used previously in
studies of insect-mediated decomposition (Tantawi et
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al. 1996, Bourel et al. 1999, Al-Mesbah 2012). Rabbits
were killed by direct inhalation of diethyl ether for a
few minutes. Care was taken to avoid injuring or
producing any external wounds, as bleeding can fa-
cilitate attraction of adult ßies. For each experiment,
four rabbits were used.

Each rabbit was placed on its side, inside a screened
cage. Each mesh cage, 1.0 by 1.5 by 0.5 m was Þtted
with a plastic bottom. The direct exposure of the
carcass was not feasible because of the presence of
dogs and wolves. The substrate below the cages was
composed of Þrmly compacted layers of rocks of all
sizes, with almost no loose soil, typical of the region.
Little or no insect burrowing activity was observed
(E.M.A., unpublished data). The plastic bottom of the
cagepreventedescapeor lackofdetectionofßy larvae
allowing for more accurate enumeration. Cages were
located 500 m from each other. Each experiment con-
tinued until the animal remains were completely dry
and no active or live insects were detected in any of
the cages.Myexperimentwas conducted twiceduring
each of the three seasons of this region of KSA, spring
(March, April, and May), summer (June, July and
August), and autumn (September, October, and No-
vember) for a total of 24 rabbits.

Insect Collections. At least 50 live larvae repre-
senting instars 1Ð3 (if present) were removed daily
with Þne forceps from each cage. Approximately half
of these larvae were preserved in 70% ethanol in vials
labeled with the date, time of collection, area of car-
cass infested, and stage of the decomposition at the
timeof collection.All specimenswere identiÞed to the
lowest possible taxonomic level by the author. Larvae
were identiÞedusingZumpt (1965) andSzpila (2010).

The other half of each larval sample was reared on
rabbit meat until adult emergence in an insectary

located in theDepartmentofEssential Sciences,Com-
munity College, Al-Baha University, KSA, for conÞr-
mation of species identiÞcation. Air temperature and
humidity were maintained in the insectary as mea-
sured at each carcass location throughout the study
period. Emerged adultswere allowed to sclerotize and
then were appropriately curated. Adult ßies were
identiÞed using Zumpt (1965).

Daily observations of the adult ßy activity began at
the Þrst day of exposure of each rabbit carcass. Ob-
servations were made every 3 h beginning at 7:00 a.m.
and continueduntil 4:00 p.m. daily, through 21 dof the
experiment. Inside each cage, a yellow plastic sticky
trap was used to collect adult ßies visiting the car-
casses. Additional adult ßies were collected using a
standard 30.5-cm-diameter aerial insect net at each
cage. Beginning on day 21 of the experiment, rabbit
carcasses and sticky traps were checked once daily,
three times weekly. The adult insects collected were
labeled bydate, hour of collection, sorted into families
and pinned. Representative specimens of adult calli-
phorids were sent to Dr. Knut Rognes (Stavanger
University, Norway) for veriÞcation. Adult muscid
and sarcophagid specimens were identiÞed by Dr.
John Deeming and Dr. Hassan Dawah (National Mu-
seum of Wales, Cardiff, United Kingdom).

Adult beetles were collected by Þne moistened
brushes or by using forceps inside the cage of each
carcass. Outside the cages, beetles were caught by
pitfall traps. Ten white plastic pitfall traps (250 ml)
placed in two concentric circles around each cage.
Each pitfall trap was separated by at least 5 m from
each other. Each circle was also separated by 5 m.
Adult beetleswere killed in cyanide killing bottles and
preserved in 70% ethanol until identiÞcation. Beetles
were pinned for identiÞcation. Adult beetles were

Fig. 1. Location of study site in Gebel Al-Baher, Al-Baha Province, KSA. The numbers in abscissas (latitude as the angular
distance, in degrees, of a point north of the Equator) and ordinates (longitude as the angular distance, in degrees, of a point
east of the prime [Greenwich] Meridian) are used to identify locations.
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identiÞed by Prof. Mahmoud S. Abdel-Dayem (Ento-
mology Department, Cairo University, Egypt).

The adult pteromalid Nasonia was identiÞed to the
genus level using Graham (1969).

Stages of Decomposition. Four stages of decom-
position were recognized following Payne (1965) and
Gennard (2007): fresh stage (A), bloating stage (B),
active decay (C), and dry carcass (D; Fig. 2). Photo-
graphs were taken daily with a Canon PowerShot, S5IS
(12� optical zoom, 8 megapixels) until the end of the
experiment.

Statistical Analysis. The climatic factors (temper-
ature, relative humidity, and rainfall) were tested sep-
arately during spring, summer, and autumn. One-way
analysis of variance (ANOVA) was applied followed
by a post hoc test for comparison of each groupsÕ
mean.ANOVAfollowedbyBonferroni correctionwas
carried out to compare separately between the mean
durations of each decomposition stage (fresh, bloat,
active decay, and dry carcass) during spring, summer,
and autumn. SPSS software (Version 15; SPSS, Chi-
cago, IL) was used for statistical analyses. A signiÞ-
cance level at P � 0.05 was used in all tests.

Results

The highest daily temperature at Al-Baha was dur-
ing the summer (30.10 � 0.25�C; F � 28.17; df � 2, 97;
P � 0.05) as compared with both the spring and au-
tumn. During the spring, the relative humidity was
highest (37.95 � 2.46% RH; F � 21.65; df � 2, 97; P �
0.05). Precipitation during the spring season (1.26 �
0.57 mm) did not differ signiÞcantly from that of the
summer season.

Daily collections and observations during the study
periods revealed the attraction of 16 species of insects
to the rabbit carcasses during the three periods of

exposure. Included were Þve calliphorid species,
Calliphora vicina Robineau-Desvoidy, Chrysomya
marginalis (Wiedemann), Chrysomya chloropyga
(Wiedemann), Chrysomya albiceps (Wiedemann),
and Lucilia cuprina (Wiedemann); one sarcophagid
species, Liosarcophaga babiyari Lehrer, and two
muscoid ßies Musca domestica L. and Musca stabulans
(Fallén) (Tables 1Ð3). SevenColeoptera specieswere
observed, including one dermestid species (Dermestes
maculatus DeGeer), three species of histerid beetles,
Saprinus moyses Marseul, Saprinus ruber gemminigeri
Marseul, and Saprinus chalcites (Illiger), one tenebri-
onid species, Himatismus sp. Haag-Rutenberg, one
clerid species, Necrobia ruficollis (F.), and one staph-
ylinid beetle Creophilous maxillosus (L.). One species
of adult pteromalid pupal parasitoid Nasonia sp. also
was collected (Tables 1Ð3).

The decomposition of the rabbit carcasses at Gebel
Al-Baher was signiÞcantly more rapid in the summer
months (21.4 � 0.49 d; F � 61.47; df � 2, 21; P � 0.05)
compared with spring and autumn. During spring ex-
posure, rabbit carcasses persisted signiÞcantly longer
(3.6�0.18d;F�182.3; df�2, 21;P�0.05) in the fresh
stage. Thebloating stage in summerwas reachedmore
rapidly (1.9 � 0.13 d; F � 50.81; df � 2, 21; P � 0.05).
There was a longer duration of the active decay stage
during autumn(7.8 � 0.16 d; F � 107.87; df � 2, 21;P �
0.05). The dry carcass stage in both the spring (15.6 �
0.26 d) and autumn (15.5 � 0.33 d) was signiÞcantly
longer in duration than that recorded during the sum-
mer months (13.6 � 0.26 d; F � 15.34; df � 2, 21; P �
0.05).

During spring experiments, adults of C. vicina Þrst
appeared at days 3Ð5 after carcass exposure (Table 1).
Adults of L. cuprina, Ch. albiceps, M. domestica, and Li.
babiyari were Þrst caught on day 6. The adult activity
ofLi. babiyariwasof longerduration, extending today

Fig. 2. Stages of rabbit carcass decomposition atGebelAl-Baher, Al-BahaProvince, KSA. (A)Fresh stage, (B) bloat stage,
(C) active decay stage, and (D) dry decay stage. (Online Þgure in color.)
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17. Adults of Ch. chloropyga and M. stabulans were
caught during days 6Ð8, but only during the spring
exposure (Table 1). However, in the summer (Table
2) and autumn (Table 3), L. cuprina, Ch. albiceps, and
M. domestica were initially attracted to the rabbit car-
casses on day 1, followed by Li. babiyari on day 2.
Adults of Ch. marginalis were attracted to the rabbit
carcasses on day 1 during the autumn (Table 3) as
compared with adults of this species arriving at the
carcasses in summer on day 2 (Table 2).

Larvae of three species Ch. albiceps, L. cuprina, and
Li. babiyari were present on the carcasses during
spring, summer, and autumn (Tables 1Ð3). Larvae of
C. vicina were found on the rabbit carcasses only
during the spring season (Table 1). In the spring ex-
periment, larvae of L. cuprina removed from the car-
casses and returned to the laboratory produced two
peaks of adults, the Þrst peak were all males (days
20Ð21 and days 28Ð29) and the second were all fe-

males (days 22Ð25 and days 30Ð31, Table 1). Larvae of
Li. babiyariwerepresent during the summer exposure
on days 4Ð6 (Table 2), days 3Ð8 in the autumn (Table
3), and on days 9Ð15 during the spring exposure
(Table 1).

Adult D. maculatus were common at the rabbit
carcasses in the spring (from days 6Ð17), summer
(fromdays 2Ð21), andduring autumn(fromdays 2Ð29;
Tables 1Ð3). Larvae of D. maculatus were present in
large numbers at the dry carcass stage during summer
(days 10Ð21, Table 2) and autumn (days 23Ð29, Table
3). Adults of the rove beetle Cr. maxillosus were ob-
served in the summer only on day 3 and in autumn
from days 5Ð7 (Tables 2 and 3). Adult hister beetles S.
moyses, S. r. gemminigeri, and S. chalcites were com-
monly collected from the rabbit carcasses during
spring, summer, andautumn.During spring, theywere
abundant from days 9Ð15 (Table 1). In autumn, hister
beetles persisted on the carcasses from the bloated

Table 1. The appearance and progression of the necrophagous insects observed on rabbit carcasses from field observation and
laboratory rearing during spring experiments (March–May 2010), Gebel Al-Baher, Al-Baha, KSA

Family Species
Fresh Bloat Active decay Dry carcass

1 2 3 4 5 6 7 8 9 10Ð13 14Ð15 16Ð17 18Ð19 20Ð21 22Ð25 26 27 28Ð29 30 31 32

Calliphoridae Calliphora vicina Ð Ð A A A Ð Ð Ð LLÕ LLÕ LLÕ PPÕ PPÕ PPÕ PPÕ M M F Ð Ð Ð

Chrysomya albiceps Ð Ð Ð Ð Ð A A A LLÕ LLÕ LLÕ PPÕ PPÕ M F Ð Ð Ð Ð Ð Ð

Chrysomya chloropyga Ð Ð Ð Ð Ð A A A Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

Chrysomya marginalis Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

Lucilia cuprina Ð Ð Ð Ð Ð A A A LLÕ LLÕ LLÕ PPÕ PPÕ P M PF P P M F F

Sarcophagidae Liosarcophaga babiyari Ð Ð Ð Ð Ð A A A A,LLÕ A,LLÕ A,LLÕ A,PPÕ PPÕ PPÕ PPÕ PPÕ PPÕ PPÕ M M F F

Muscidae Musca domestica Ð Ð Ð Ð Ð A A A A Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

Muscina stabulans Ð Ð Ð Ð Ð A A A Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

Pteromalidae Nasonia sp. Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð A A A Ð Ð Ð Ð Ð Ð

Dermestidae Dermestes maculatus Ð Ð Ð Ð Ð A A A A A A A Ð Ð Ð Ð Ð Ð Ð Ð Ð

Histeridae Saprinus moyses Ð Ð Ð Ð Ð Ð Ð Ð A A A Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

Saprinus ruber

Saprinus chalcites

Tenebrionidae Himatismus sp. Ð Ð Ð Ð Ð A A A A A A A Ð Ð Ð Ð Ð Ð Ð Ð Ð

Cleridae Necrobia ruficollis Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

Staphylinidae Creophilus maxillosus Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

A, adult stage; L, larval stage; LÕ, larva reared in lab; P, pupal stage; PÕ, pupation in lab; M, newly emerged males in lab; F, newly emerged
females in lab; Ð, not observed.

Numbers in column header refer to days spent within each decomposition stage (Fresh, 1Ð4; Bloat, 5Ð8; Active decay, 9Ð13; Dry carcass,
14Ð32).

Table 2. The appearance and progression of necrophagous insects observed on rabbit carcasses through field observations and
laboratory rearing during summer experiments (June–August 2010), Gebel Al-Baher, Al-Baha, KSA

Family Species
Bloat Active decay Dry carcass

1 2 3 4Ð5 6 7 8 9 10 11Ð13 14Ð15 16 17Ð21 22

Calliphoridae Calliphora vicina Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Chrysomya albiceps A Ð LLÕ LLÕ L, PPÕ L, P PÕ P, M PF Ð Ð Ð Ð Ð Ð
Chrysomya chloropyga Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Chrysomya marginalis Ð A Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Lucilia cuprina A Ð Ð L LÕ L P PÕ L P PÕ L P P’ P M P F P P P Ð Ð

Sarcophagidae Liosarcophaga babiyari Ð A A,LLÕ L,LÕ L,P LÕPÕ L, PÕP PPÕ PPÕ PPÕ P PÕ M,F Ð Ð Ð
Muscidae Musca domestica A A A Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

Muscina stabulans Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Pteromalidae Nasonia sp. Ð Ð Ð Ð Ð Ð A A A Ð Ð Ð Ð Ð
Dermestidae Dermestes maculatus Ð A A A A A A A A,L A,L A,L A,L A,L Ð
Histeridae Saprinus ruber Ð Ð A Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

Saprinus chalcites
Saprinus moyses

Tenebrionidae Himatismus sp. Ð Ð A Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Cleridae Necrobia ruficollis Ð Ð A Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Staphylinidae Creophilus maxillosus Ð Ð A Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

A, adult stage; L, larval stage; LÕ, larva reared in lab; P, pupal stage; PÕ, pupation in lab; M, newly emerged males in lab; F, newly emerged
females in lab; Ð, not observed. Numbers in column header refer to days spent within each decomposition stage (Bloat, 1Ð3; Active decay, 4Ð10;
Dry carcass, 11Ð22).
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stage (day 2) to day 16 (dry decay stage, Table 3).
During the summer, hister beetles were detected only
on day 3 (Table 2). Adults of N. ruficollis were ob-
served only on day 3 in the summer season (Table, 2).
During autumn experiments, N. ruficollis was col-
lected on days 7Ð16 (Table 3). Adults of the tenebri-
onid Himatismus sp. were collected only on third day
in the summer (Table 2), but were active for long
periods during the spring (days 6Ð17, Table 1) and
from days 8Ð30 during the autumn (Table 3).

Adults of the ßy pupal parasitoid Nasonia sp. were
collected from cages on days 14 and 15 during autumn
experiments (Table 3). In the spring experiment,
adults of Nasonia sp. were collected on days 18Ð25
during the dry decay stage (Table 1) and from days
8Ð10, during the summer experiment (Table 2).

Discussion

The taxa composition of carrion entomofauna at-
tracted to the rabbit carcasses atGebelAl-Baher at the
family and genus level is similar to what has been
reported in previous studies (i.e., Payne 1965, Ander-
son and VanLaerhoven 1996, Bourel et al. 1999, Grass-
berger and Frank 2004, Al-Mesbah et al. 2012). In this
study, 16 insect species were identiÞed that were di-
rectly attracted to the rabbit carcasses throughout the
course of the study. The regional biodiversity of
known necrophagous species was well represented in
my study (Al-Ahmadi and Salem 1999, Dawah and
Abdullah 2009; El-Hawagry et al. 2013 inKSA). Similar
taxa were reported in Egypt by Tantawi et al. (1996).

Several factors may have inßuenced the total num-
ber of insect taxa found during this study. The geo-
graphical location and altitude of Gebel A-Baher
(2221 � 73 m a.s.l.) may have resulted in a smaller
“pool” of available taxa and more obvious, the relative
small size of the rabbit carcasses (1.5 � 0.44 kg) at-
tracting fewer taxa. Simmons et al. (2010) and Spika et
al. (2011) reported that the carcassmass can affect the
rate of decomposition with smaller carcasses decom-

posing more rapidly. Simmons et al. (2010) concluded
that when comparing numerous studies of insect-me-
diated decomposition from many different environ-
ments and temperatures, a secondary inßuential factor
is the carcass size, with small carcasses decomposing
faster than large carcasses. Hewadikaram and Goff
(1991), however, indicated that carcass size is not
important in terms of the sequence of arthropod suc-
cession patterns.

As with my study, Battán et al. (2012) reported that
insect-mediateddecay ratesof exposedcarcasseswere
signiÞcantly faster in the summer than during other
seasons. These authors correlated the more rapid de-
composition to the invasion of the carcasses by calli-
phorid, sarcophagid, and muscid larvae due to favor-
able ambient air temperatures as compared with the
other seasons. Shean et al. (1993) postulated thatmax-
imum temperatures probably inßuenced decomposi-
tion more than minimum temperatures. This typical
pattern has also been reported by other authors such
as Tantawi et al. (1996), Wang et al. (2008), and
Al-Mesbah et al. (2012). Campobasso et al. (2001)
showed that air temperature has a direct inßuence on
the putrefaction processes, but several studies have
suggested a strong negative relationship between am-
bient temperature and the time necessary for the on-
set of the bloating stage (Voss et al. 2009,Matuszewski
et al. 2010). In this study, in the spring and autumn, the
bloating stage of the rabbit carcasses took longer
as compared with summer. Similarly, in Europe,
Matuszewski et al. (2010) found that thebloating stage
of pig carcasses lasted longer in spring than in summer
and autumn. The decrease in the relative humidity
during the summer accelerated the drying of the rab-
bit carcass in this study.

It isnoted that the lackofdirectexposureof the rabbit
carcasses to the natural substrate because of the cage
designmayhave inßuenceddecomposition.At the study
site, the soil composed mostly of rocks was extremely
hard packed and dry. The relatively small size of the
rabbit carcasses and regional high air temperatures re-

Table 3. The appearance and progression of necrophagous insects observed on rabbit carcasses through field observations and
laboratory rearing during autumn experiments (September–November 2010), Gebel Al-Baher, Al-Baha, KSA

Family Species
Bloat Active decay Dry carcass

1 2 3 4 5 6 7 8 9 10Ð11 12Ð13 14 15 16 17 18 19 20Ð27 28Ð29 30Ð31

Calliphoridae Calliphora vicina Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Chrysomya albiceps A A A Ð Ð Ð L L LÕ L LÕ L LÕ L P PÕ P PÕ P PÕ P PÕ M M,F F Ð Ð Ð
Chrysomya chloropyga Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Chrysomya marginalis A A A Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Lucilia cuprina A A A Ð Ð Ð L LÕ L LÕ P PÕ P PÕ P PÕ P PÕ P PÕ P PÕ M M,F F Ð Ð Ð

Sarcophagidae Liosarcophaga babiyari Ð A A A A A A,L LÕ A,L LÕ AP PÕ P PÕ P PÕ P PÕ P PÕ P PÕ P PÕ P PÕ P PÕ P PÕ M F
Muscidae Musca domestica A A A Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

Muscina stabulans Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Pteromalidae Nasonia sp. Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð A A Ð Ð Ð Ð Ð Ð Ð
Dermestidae Dermestes maculatus Ð A A A A A A A A A A A A A A A A A,L A,L Ð
Histeridae Saprinus moyses

Saprinus ruber Ð A A A A A A A A A A A A A Ð Ð Ð Ð Ð Ð
Saprinus chalcites

Tenebrionidae Himatismus sp. Ð Ð Ð Ð Ð Ð Ð A A A A A A A A A A A A A
Cleridae Necrobia ruficollis Ð Ð Ð Ð Ð Ð A A A A A A A A Ð Ð Ð Ð Ð Ð
Staphylinidae Creophilus maxillosus Ð Ð Ð Ð Ð Ð A A A A A A A Ð Ð Ð Ð Ð Ð Ð

A, adult stage; L, larval stage; LÕ, larva reared in lab; P, pupal stage; PÕ, pupation in lab; M, newly emerged males in lab; F, newly emerged
females in lab; Ð, not observed. Numbers in column header refer to days spent within each decomposition stage (Bloat, 1Ð5; Active decay, 6Ð14;
Dry carcass, 15Ð31).

1172 JOURNAL OF MEDICAL ENTOMOLOGY Vol. 51, no. 6



sulted in almost no decomposition ßuids being released
during the active decay process (E.M.A., unpublished
data). This may have limited microbial activity.

C. vicina was the only blow ßy species attracted to
the fresh stage of the rabbit carcasses, but only in the
spring experiment. Other authors have also reported
this species as a Þrst colonizer (Arnaldos et al. 2005,
Ortloff et al. 2012). My spring experiments indicated
no clear sequence of species except for Calliphora. In
the summer and autumn, adults of L. cuprina, Ch.
Albiceps, and M. domestica were initially attracted to
the rabbit carcasses at the bloat stage followed by the
Li. babiyari as a secondary colonizer, arriving one day
later. Adults of Ch. albiceps were common in the three
seasons of the study, reaching peak abundance during
the summer and autumn (Tables 2 and 3). Adults of
Ch. chloropyga were active during the bloat stage of
the spring experiment. In both summer and autumn,
adults of Ch. marginalis were recorded in fewest num-
bers during the Þrst days (Þrst for summer and second
for autumn) of the bloating stage. Similarly, Voss et al.
(2009a) reported other species of Chrysomya as sec-
ondary colonizers of the bloat stage.

Adults of M. domestica were attracted to the bloat
stageof the rabbit carcasses in the spring, summer, and
autumn experiments. However, no larvae of M. do-
mestica were found on the rabbit carcasses during this
study. Arnaldos et al. (2005) reported adults of M.
domestica as the dominant ßy during the summer pe-
riod from the Þrst day of carcass exposure. Voss et al.
(2009a) reported that adult M. domestica would reg-
ularly visit carcasses, although oviposition was rare.
Adults of M. stabulans visited the rabbit carcasses only
during the bloating stage during spring experiment.
Arnaldos et al. (2005) reported that adults of M. stabu-
lans showed no clear seasonal preference and were
found throughout the year.

Larvae collected directly from the rabbit carcasses
during the spring, summer, and autumn were primarily
Ch. albiceps, L. cuprina, and Li. babiyari. As indicated
previously, larvae of C. vicina were collected from car-
casses only during the spring season. Larvae of Li. babi-
yari appeared inside the rabbit carcasses during the ac-
tive decay stage (in summer and autumn) and lasted to
the beginning of the dry carcass, during spring. In com-
parison, Voss et al. (2009a) reported that sarcophagid
larvae were present during the early bloating stage, but
not during the active decay stage.

Adult D. maculatus were common among the car-
casses in the spring, summer, and autumn.Adultswere
active during the bloated stage and the Þrst days of the
dry carcass stage. Similar Þndings were reported by
Arnaldos et al. (2005). These authors reported that
adult dermestids were collected during the earliest
stages of decomposition in spring and summer. In
addition, Von Hoermann et al. (2005) reported that
thenewlyemergedmalesofDermestesmaculatuswere
attracted by the odor of piglet carcasses during the
postbloating stage (9 d after death) due to the emis-
sion of benzyl butyrate, whichwas considered the key
compound for beetle attraction. During summer and

autumn, larvae of D. maculatus were most active dur-
ing the dry carcass stage.

The adults of the rove beetle Cr. maxillosus, a mag-
got predator, were active in summer and in autumn
experiments. Similarly, the adults of Cr. maxillosus
were recorded in late summer and the beginning of
autumn on pig carcasses in Poland (Matuszewski et al.
2008). During our study adults of Cr. maxillosus were
observed inside thecagesof rabbit carcasses,duringonly
the third day of the summer experiments. Ortloff et al.
(2012) reported adults of Cr. maxillosus could be col-
lected from pig carcasses from the bloating to early dry
stage in the summer. Similar results have been reported
for staphylinidmaggot predators in other studies (Payne
1965,EarlyandGoff1986,TullisandGoff1987,Anderson
and VanLaerhoven 1996, Matuszewski et al. 2008).

Adult hister beetles, S. moyses, S. ruber gemminigeri,
and S. chalcites were commonly collected from rabbit
carcasses during spring, summer, and autumn. During
spring, they were abundant from the active decay to
the Þrst 2 d of the dry carcass. In autumn, they per-
sisted on carcasses from thebloat stage to theÞrst days
of the dry decay stage. During summer, they were
collected during the bloat stage to the end of the dry
carcass. However, Matuszewski et al. (2008) reported
that the activity of Saprinus was limited during the
active decay stage of pigs in Poland. Smith (1986),
Kovarik and Centerino (2001), and Byrd and Castner
(2010) have indicated that hister beetle genera Sap-
rinus, Margarinotus and Hister are predators of dip-
teran larvae and eggs associated with carrion.

Adults ofN. ruficolliswerecollectedduringboth the
summer and autumn experiments, similarly. In au-
tumn experiments, N. ruficollis was collected from the
active decay to the dry carcass stages of examined
rabbit carcasses. In contrast to our results, adults of
Necrobia in other studies occurredonlyduring the late
active decay stage (Early and Goff 1986, Tabor et al.
2004, Matuszewski et al. 2008).

In conclusion, this study presents for the Þrst time
the succession of necrophagous insects attracted to
rabbit carcasses and the succession of these insects
during three distinct seasons in an arid high moun-
tain region (2,200 m a.s.l.) on the Arabian Peninsula.
At this site in Gebel Al-Baher, KSA, the ßy species
C. vicina, Ch. albiceps, L. cuprina, and Li. babiyaris
are species that may be useful for estimating the
minimal postmortem interval. Al-Mesbah (2010)
has made similar suggestions, that these species can
be used as forensic indicators to estimate minimal
postmortem intervals in the Middle East.
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