
~,
;

NIGERIAN JOURNAL OF ENTOMOLOGY (2005) 22:18-31

Preliminary Study of Arthropod species Development and Succession
on Carrion in Akwa Ibom State, Nigeria.

EKANEM, M. S.* and USUA, E. J.**
* Dept. of Zoology, University of Uyo, Uyo

..** Dept. of Biological Sciences
University of Calabar, Calabar

(Accepted 28 August, 2004)

ABSTRACT

Arthropod succession in rabbit carrion was determined within 7 and 8 days during the dry
and wet seasons respectively of 2000, in Akwa Thorn State, Nigeria. During this period
arthropods belonging to the following Classes, Orders, and Families were taken: Insecta:
Diptera: Calliphoridae, Muscidae, Otitidae, Syrphidae, Drosophilidae, Phoridae,
Fanniidae, Ulidiidae, Sarcophagidae, Longhaeidae, Pipunculidae and Chloropidae.
Others were Anthomyiidae, Bibionidae Platystomatidae; Coleoptera: Silphidae, Dystidae,
Staphylinidae, Scarabaeidae, Carabidae, Anobiidae, Scydmaenidae, Dermestidae,
Histeridae, Elateridae, Lyctidae, Cerambycidae; and also included Chrysomphalidae:
Hymenoptera: Formicidae, Braconidae, Mutillidae, Vespidae; Hemiptera: Pyrrhocoridae,
Lygaeidae, Pentatomidae, Reduviidae, Gelatrocoridae, Nepidae, Aphrophoridae;
Neuroptera: Chrysopidae: Lepidoptera: Pieridae, NymphaJidae: Isoptera: Macrotermes;
Orthoptera: Grylloblattidae, Gryllidae; Dictyoptera: Blattidae, Mantidae: Diplopoda:
Juliforma: Chilopoda: Scutigeromorpha and Crustacea: Isopoda. Four decomposition
stages: fresh, bloated, decay, and dry were observed. Calliphorids oviposited, eggs and
sarcophagids gave birth to larvae during the fresh stage. Larvae of calliphorids were
abundant in the bloated stage. Their feeding activities quickly broke open the carrion and
terminated the bloated stage. The decay stage was marked by increased arthropod species
richness. The coleopterans arrived mainly during the decay stage and peaked in species
richness during the dry stage. Some coleopterans and ants preyed on dipterous eggs and
larvae as well as on other insects, while others fed on carrion material. The ants came in
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very large numbers right from day one and remained till exhaustion of the resource. The
dry stage was marked with increased numbers of coleopterans, ants and muscids. With
the exhaustion of the resource, there was a decrease in species richness followed by
dispersal, from the site. Four ecological categories of arthropods, necrophages, predators,
omni vores, and incidentals were observed. Several other insect groups and all the other
arthropods were incidentals.

INTRODUCTION
One beneficial outcome of insects as the most abundant animals in the world is

their ubiquitous presence, including crime scenes. From this fact, forensic entomology,
the scientific discipline, which aims to interpret information on homicide cases using
insects as silent witnesses at the scenes came into being. Forensic entomology is the
application of the study of insects and other arthropods to legal issues, especially a Court
of Law (Catts & Goff, 1992). Three categories of forensic entomology have been
identified, namely: Urban, Stored Product, and Medico-legal.

Urban forensic entomology includes such things as litigations and civil law
actions involving arthropods in dwellings or as house and garden pests, and lawsuits
dealing with the misuse of pesticides. Stored product forensic entomology focuses on
arthropods' infestation or contamination of a wide range' of commercial products, and
like the urban type, also involves litigations. Medico-legal forensic entomology which is
the focus here, is the most popularized aspect of the science and is also known as medico-
criminal forensic entomology (Hall 1991). This investigates arthropods' involvements in
events surrounding felonies as in violent crimes, rapes, suicides, murders, etc. It also
includes contraband trafficking and physical abuse (Smith, 1986).

Forensic entomology relates to death investigation which has as key element, time
since death i.e. the time between death and discovery of corpse, generally called post-
mortem interval, PMI (Catts and Goff, 1992). The corpse being a temporary resource is
exploited by a wide diversity of organisms with arthropods especially insects species as
the most dominant and diverse, except in marine situations where crustaceans
predominate (Mittle et. al., 1992). Insects are known to be the first animals to find the
body as soon as it falls, and the calliphorids are the earliest arrivals (Greenberg, 1955;
Catts & Goff 1992; Tantawi et al., 1996; Ekanem 2000). Because of climatic preferences,
the Calliphorinae sub-family are the earliest calliphorids on carrion in temperate climes
(Tantawi et al., 1996; Wolff et at, 2001) while in tropical climes, the Chrysomynae are
the earliest flies. In Ekanem (2001) it was the Chrysomynae, Chrysomya chloropyga and
Hemipyrellia fernandica that were the earliest flies of carrion in a tropical setting.
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Arthropod fauna in and around a corpse are known to change 'in a rather predictable
succession as decomposition progresses (Mittle et. al., 1992).

The rate of carrion decomposition is known to be affected by insect abundance as
well as temperature, humidity, and rainfall (Galloway et al., 1989). Seasonal changes
therefore may cause variations in rate of carrion decomposition directly by the changes in
temperature and humidity and indirectly by affecting insect populations. Seasonal studies
of arthropod succession on carrion according to Tantawi et al. (1996) provides a dynamic
profile of seasonal abundance of individual carrion species and also gives a perspective
on the shifting species composition of the carrion community with changing seasons. In
the tropical countries, such seasonal reports on carrion decomposition and the attendant
insect populations are however rare. The application of forensic entomology in criminal
investigations has gained acceptance in many other countries and offer a great potential
of contribution to the legal profession in legal proceedings in Nigeria.

The objectives of this study were to identify arthropod species which visit
carrion in Akwa Thorn, describe the stages of carrion decomposition in the area in both
wet and dry seasons, determine succession patterns, noting any seasonal and
environmental variations, and prepare a reference collection of insects from this area for
subsequent studies.

MATERIALS AND METHODS
THE STUDY AREA:

The area under study is Akwa Ibom State, located in the south eastern comer of
\":geria, (Fig. 1) between latitudes 4°.30 and 5°.30 N' and longitudes 7°.28 and gO.2E'.
~:".eclimate is tropical and vegetation is mostly farmlands mixed with oil palm grooves
.:c.-_jimmature forests. To ensure that local arthropod distributions due to environmental
: -,lTIges were noted, samples were taken from urban areas (human population between
:::-)00 to 110054) and rural environs with populations between 684 to 4513 (source) (Fig.

:~ both wet and dry seasons of 2000. Actual sites for the experiments were abandoned
-.:c.~lands in rural areas and uninhabited plots of land in urban areas. Mean monthly
=--0=ratures in the area range between 24°C & 29.10C (Moses, 1990).
'.fETHODS:

Two mature rabbits (Orytolagus cunniculus) weighing 2.5-2.8 kg were used at
: __- site. The animals were kil1ed at 6.00 am by strangulation to avoid loss of blood.
- - :..1,ere placed on the ground not more than 3 m apart. The replication at each site, and
-- . : :-:-,,:tyof the carcasses were intended to show any variabilities which might occur in
_:-, -:-:-.)sirion rates and arthropod abundance of the two carcasses and which might
- ;-hysiological differences in the two carcasses. A scavenger exclusion cage.
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which kept out all vertebrates but permitted all arthropods entry was erected over each
carcass. Daily observations and specimen collections were effected at 3-hourly intervals
from 6.00 am to 9.00 pm till total decomposition of the carrion was completed. Before
specimen collection, the state of decomposition of each carrion was noted. Samples of
adult arthropods on and beneath carrion were taken either with insect net or forceps. All
arthropods were killed with ethyl acetate then pinned, mounted and preserved for
subsequent taxonomic determination. Samples of immature stages (eggs, larvae. pupae)
were also collected. The eggs were preserved in 70% ethyl alcohol and identified
(Ekanem & Usua, 2000 and Greenberg & Singh, 1995). The larval and pupal stages were
cleared in KOH, preserved in glycerin and identified (Ekanem & Usua, 2000; and
Oldroyd & Smith, 1973). Operational time at each carrion did not exceed 8 minutes.
Samplings were done in both urban and rural settings to ensure that species showing any
environmental preferences were taken care of.

1"1~

5'30"

4'30'

7'15' 7'30' r~5' 8'00 8'15'

Fig. 1: Akwa Iborn State showing Study Areas

8'30"

•
w~.

5'00

LEGEND

~'45'
Sampling Area: Urban

Rural

State boundary

River

04'30'

8'30"

r

•
Jo.



Arthropod species Development and Succession on Carrion

RESUL TS AND DISCUSSION
Four distinct carrion decomposition stages: fresh, bloated, decay. and dry, as

previously described by Reed [1958] were observed. When compared to decomposition
rates in temperate regions of 12-92 days, depending on the season in Egypt (Tan.awi cf
al, 1996) and up to 118 days in Columbia (Wolff et al, 2001) the rate here was very
Carrion decomposition was completed in this study area in 7 days during the dry season,
and 8 days in the wet season. This high rate of decomposition is attributed to the high air
temperatures and relative humidity as well as a high insect abundance in the area. Thus
while the high air temperatures and humidity hasten up the chemica! process
decomposition, and the high populations of feeding insects on the carrion caused <l
speedy termination of the bloated stage, the high temperatures also quickly dried up the
exposed flesh to complete the whole process rapidly. In the wet season the carrion
remained fresh almost throughout the first day, but in the dry season, distension of the
abdomen was usually observed by sunset (5.00-6.00 pm). The bloated condition was
noted from the morning of day two in the wet season, and continued, as with the drv
season carrion until day three. By noon of day 3 in the dry season and around 6 pm in the
wet season (Figs. 2 - 5) of day three, the abdomen had collapsed, and insect populations
both larvae and species richness of adults had greatly increased. With the breakdown of
the abdomen to expose the entrails, the decay phase commenced on day four. In the dry
season, carrion flesh quickly got dried up so that by day six (Figs. 3 & 5) mostly clean
bones and some fur remained. During the wet season, drying of the carrion was slower
(Figs. 2 & 4), and the rains affected insect invasion of the carrions. For instance, on one
occasion rain fell from day four till late on day five. The rains washed away carrion
material and meanwhile, no adult insects came to the carrion during the period.

Variability between the carrions was only observed during the wet season. and even
then, between different sets of carrions. A set of carrion remained fresh throughout (by
one up to the afternoon of day two because of a heavy down-pour, which started as SOGl!

as the animals were killed till late that afternoon. The bloated stage for this set of can-ion
commenced in late afternoon of day two and lasted till day four when the decay stHgC

commenced, Decomposition of this set of carrion was completed on day ten.
Decomposition rate may fluctuate in the wet season because of rains. The rains may nave
kept insects aware from the carrion and thus slowed down decomposition, or rain drops
might have actually washed away the decaying flesh as well as immature insects 011 the
camon.
ARTHROPODS ON CARRION:

Arthropods from 5 Classes (Insecta, Crustacea, Diplopoda, Chilopoda, :md
Arachnida) were collected from carrions in wet and dry seasons and in both urbar. unci
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rural areas of Akwa Thorn State (Table 1). Insects were the most dominant arthropods
with the dipterans as the most conspicuous invaders of the carrions.

ARTHROPOD SUCCESSION ON CARRION:-
Throughout the study similar patterns of arthropod invasions and successions

were observed (Figs 2 to 5). The calliphorids and ants were the first invaders. They were
followed by, muscids and dipterous larvae, then adult coleopterans and finally a decline
in arthropod richness and dispersal from site.

Five species of flies were observed to breed on the carrions. Three of these were
blue flies (calliphorids), one flesh fly (sarcophagid), and one house fly (muscid). Two of
the calliphorids, Chrysomya chloropyga [Wiedemann] and Hemipyrellia [ernandica
(Macquart) had earlier been identified (Ekanem, 2001) according to Fuller (1934) as
primary flies of Akwa Thorn area. Larvae of a third calliphorid were observed in this
study. The short duration of the carrion as a resource compared to the relatively longer
developmental periods of H. fernandica and C. chloropyga [Ekanem & Usua, 2000J
ensured that only one generation of these flies could develop in the carrions. Dipterous
eggs appeared on the carrions from day one and increased in numbers in day two. They
were rare on the carrions from day four. The 151 and 2nd instars of H. fernandica and C.
chloropyga were usually common on the head and anal regions of the carrions as from
day two. With the collapse of the abdomen and exposure of entrails and flesh on day
three, larval instars feeding peripherally on the carrion were mostly 3rd instars, while 1st
and 2nd instars fed more superficiaily. Pre-pupae of C. chloropyga and H. [ernandica
were observed as early as late afternoons of day four; pupae of both species were
available from day six. At day three there was increased infestation of the carrions by
other arthropods, such as the ants (Formicidae) which made their appearance since day
one. Many of these arrivals preyed heavily on the fly eggs, and young larvae found
peripherally on the carrion. For instance ants were often observed taking away eggs from
the carrions.

As early as noon of day two, 2nd instar larvae of a sarcophagid were observed on the
carrion. This suggested this fly as one of the earliest to visit the carrion. However, very
few specimens of both immature and adult stages of sarcophagids were encountered on
the carrion, suggesting an insignificant role in ~arrion break-up by the fly. Of the nine
muscids collected from carrion (Table 1) only a Hydrotaea sp. bred in the carrion. Very
few 3rd instar larvae of this fly were observed on can-ion on day five. With very large
populations of calliphorid larvae feeding on same resource with less significant species,
problems of co-existence could arise. Predation by ants and other predatory insects on
eggs and very young larvae on the resource might likely affect survival rate of secondary
species such as Hydrotaea sp. on the carrion. Other dipterans observed on the carrion
(Table 1) appeared to visit the carrion mainly to feed on the carrion fluid.
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Nine species of ants (Fonnicidae) infested the carrions. Other hymenopterans
were Vespidae, Braconidae and Mutillidae (Table 1). The ants, Pheidole sp, Camponotus
maculatus (Fabricius) C. acvapamensis (Mayr) Acanthocephala sp .. Crematogaster sp.,
C. perrisi (Forel) and Dorylus affinis (Emery) in that order were very abundant on the
carrions, and sometime came in droves. They usually appeared on the carrions within the
first 3 hours, increased in abundance till day five after which with depletion of the carrion
also showed a decline on the resource. They removed dipterous eggs, very young larvae
and even pieces of carrion flesh and other insects from the carrion. Their increased
populations on the carrion from day two onwards must have brought about the observed
scarcity of eggs till the end of the carrion decomposition. Their predatory roles certainly
affected survival rates of less dominant species on the carrion.

Few coleopterans arrived on the carrions from day two, but by day five the number of
families had increased (Figs 2 to 5). With the rapid depletion of the resource after day
five, their numbers also declined sharply. Maybe because of the rapid exhaustion of the
resource, no breeding activities of coleopterans could be observed. Families of dystids,
silphids and carabids had arrived the carrion as early as the second day while the late
arrivals included the histerids, dennestids, etc (Fig. 2 to 5). Some coleopterans
(Staphylinidae, Histeridae and Carabidae) were observed to prey on young larvae. All the
coleopterans generally fed on pieces of carrion materials. The hemipterans (Table 1)
seem to be incidentals being part of the local fauna; same status may be accorded the
Chrysopidae and the lepidopterans. Using the classification of Smith (1986) the
entomofauna of this study are classified as follows:

0) Necrophages: Calliphorids, sarcacophagids, muscids, all the
other dipterans; dystids, silphids, dernestids, carabids,
scarabaeids and all other coleopterans which fed on
the carrion materials.

(ii) Predators and parasitoides: They included Hymenopterans, Staphylinids, histerios,
carabids and perhaps other beetles which fed on
immature dipterous eggs and other insects, and
centipedes (Scutigeromorpha), and spiders
(Arachnida).

(Hi) Omnivores: Hymenopterans, and coleopterans, which fed
also on carrion materials, blattids centipedes
(Scutigerornorpha).

(iv) Incidentals: Lepidopterans, orthopterans, some dipterans, the
hemipterans, millipedes (Juliforma) , chrysopids and
wood louse (Isopoda).
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Table 1: Arthropods collected from exposed rabbit carrion in Akwa Ibom State in
wet and dry seasons

ARTHROPODS URBAN RURAL
Insecta Wet Dry Wet Dry

Diptera- Calliphoridae Chrysomya Chloropyga X X X X
Hemipyrellia fernandica X X X X
Chrysomya sp. X X X X
Lucilia cuprina X X
Calliphora sp. X X X

Muscidae Musca domestica X X X X
M. biseta X X X X
Hydrotaea chalcogaster X X X X
Atherigona orientalis X X X X
Myospila lenticeps X X X
Stomoxys niger X X X
Curranosia sp. X

. Pyrel/ia scinti/ans X X
Otitidae Physiphora sp. X X
Syrphidae Lathyrophthalmus trizonatus X
Drosophilidae Drosophila sp. X X X X
Phoridae Megasalia scalaris X X
Fannidae Fanniasp. X X
Ulidiidae Chrysomyza smaragdina X X
Sarcophagidae Sarcophaga sp. X X X X
Longhaeidae Cyclosphen baumanni X
Pipunculidae Eudorylas garambensis X
Chloropidae Melanochaeta scapularis X X

Pachylophus sp. X X X
Anthomyiidae Delia dispar X
Bibionidae Plecia sp. nr sana X
Piatystomatidae Paryphodes similes X

Coleoptera Sil:>hirjae X X X X
Dystidae X X
SI,\phyhnidae X X X X
Scarabaedae X X X X
Carabidae X X X X

Hyparpalus juvencus X X
Ant1biidae X X
Set dmaenidae X
DEInestidae X X X X
Hi:i:eridae Platysoma castanipes X X X X

Hista monoton X X X

•
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Hymenoptera

Hemiptera

Hornoptera
Neuroptera
Lepidoptera

Isoptera

Dietyoptera

Diplopoda Juliforma
Crustacea Isopoda
Arachnida Araneae
Chilopoda

Scutigeromorpha
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Elateridae
Lyctidae
Cerambysidae
Chrysomphalidae
Formicidae

Braconidae

Mutillidae
Vespidae
Pyrrhoeoridae
Lygaeidae

Pentatomidae
Reduviidae

Gelatrocoridae
Nepidae
Aphrophoridae
Chrysopidae
Pieridae
Nymphalidae
Aeraea
Termitidae
Gryiloblattidae
Gryllidae
Blattidae
Mantidae

Camponotus masculatus
C. acvapamensis
C. perrisi
Acantholepis sp.
Dorylus affinis
Palthothyreus tarsatus
Pheidole sp.
Megaponera foetens
Agathis aciculatus
Cardiochiles rufithorax
Phaneratoma sp.
Ctenotilla sp.
Odynerus sp.
Scantius clavimanus
Ischnodermus brevirastris
Paramius paraclypeatus
Sphaerocoris annulus v. pardalina
Glymmatophora dejoneki
Plynoides elegans
Nethra grandicollis
Pachynomus picipes
Plyetus grossus
Chrysopa commixta

Blattasp.

x
X
X
X
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X
X
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X
X
X

X

X
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X
X
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CONCLUSION
Arthropod succession on can-ion in Akwa Ibom follows similar patterns reported

by (Tantawi et al .. 1996. Carvalho et al., 2000 and Wolff et al., 2001) The dipterans were
the earliest invaders, followed by the coleopterans. Abundance of dipterans peaked
juring the decay stages. while the coleopterans appeared during the advanced stages of
.he dccompos.tiou and continued till the process was completed. Calliphorid» and
sarcophagids laid the first eggs and larvae. respectively, when the carrion was still fresh.
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It was the biological development of these species which hastened the termination of the
bloated stage and the commencement of the decay stage of the carrion. Earlier reports
(Ekanern, 1997) had noted that members of the sub-family Calliphorinae (Calliphoridae)
were scarce in Akwa Ibom area while some species of the Chrysomynae were the most
dominant fly species in the area. Thus according to 0' Flynn and Moorehouse (1979),
Braack (1981) and Tullis and Goff (1987) in the absence of calliphorine species.
chrysomyine species such as C. chloropyga, H. [ernandica and the Chrysomya sp. have
become the primary flies of carrion in the area (Ekanem, 2000). Other adult dipterans
appeared on the carrion mostly from the second day and their numbers and species
abundance peaked on day three (Figs 2 to 5). The Musca species, however, continued
almost to the end of study.

lborn State during the wet season,
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Considering the roles of ants (Hymenoptera: Formicidae) on the carrions as
predators and omnivores, and also in view of the large numbers in which they invaded
the carrions, they must have impacted greatly on the decomposition progress of the
carrions. The roles of primary flies on the carrion were easily observable because the
eggs were laid early when predation was only beginning, and the young larvae fed
superficially out of reach of the predators until the decay stage, when the carrion was
opened and the post-feeding larvae had begun to desert the carrion. Later ovipositions
either by primary or secondary flies were difficult to detect because of the presence of the
predatory ants which invaded in large numbers. For example, very few specimens of 3rd

instars of the Hydrotaea sp. were taken from the carrion from day five.
Some coleopterans arrived the carrion in late afternoons of day two. Species

richness and abundance of beetles peaked on day four and day five after which, following
exhaustion of the resource there was a decline till completion of decomposition. The
beetles fed on pieces of the decayed carrion as well as dipterous eggs and larvae. No
breeding activities of this group were observed since the carrion was exhausted almost as
soon as they arrived. Other insects and arthropods were on the carrion only as incidentals
because they happened to form part of the entomofauna of the area.
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