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Abstract

Purpose In analyzing decomposing human remains in cases of unattended death, observing insect succession patterns to aid
in estimating the post-mortem interval (PMI) based on carrion insects is one of the tasks of the forensic entomologist. The
purpose of this study is to provide baseline data in order to improve PMI estimates using carrion insects. The lingering armed
conflict in Nigeria creates a situation where unidentified human remains overwhelm law enforcement agencies. A common
challenge is the lack of affordable, easy-to-use, and locally derived methods. This study aims to describe the succession
patterns of arthropods, including insects, in pig carcasses in the wet and dry seasons in southern Nigeria as a baseline to aid
in PMI estimation. Arthropods were observed and collected (all life cycle stages) in a total of 20 freshly-killed pigs (10 pigs
for each season) which were deployed to study sites within 3 h of humane killing and at various times during the two seasons
over 14 months. The time of appearance, activity, and disappearance of the arthropods were noted and related to the stages of
decomposition to create succession patterns. Three classes, six orders, and 16 families of arthropods were collected. Musca
domestica was the first to arrive, followed by Chrysomya marginalis, visiting within 10 min after placement. An ant species
(Family Formicidae) had the widest presence through decomposition stages. There was an increase in the absolute number
and species richness of arthropods in the wet season. Some arthropods, like the black soldier fly (Hermetia illucens), were
exclusively present in the wet season. The observed succession patterns can be used as a reference for forensic scientists to
aid in PMI assessment in Nigeria. Arthropods found exclusively in a season could be used to establish the season of death.
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Introduction identification [1]. This creates an extensive list of missing

persons who may have been buried without the knowledge of

The identification of human remains is of great concern in
Nigeria due to an increase in violent crimes and armed conflict
in the past decade. A dearth of forensic experts in Nigeria; and
the consequent absence of affordable methods of investigation
adapted to the local setting leads to a situation where law
enforcement agents perform mass burials without victim
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their families. The magnitude of this problem was confirmed
in a 2022 report by the International Committee of the Red
Cross (ICRC), stating that 25,000 (39%) of the 64,000 reported
missing persons across Africa are Nigerians and about 56%
(14,000) of the missing persons in Nigeria are children [2].

The initial step in victim identification is assessing the
time between the death and discovery of the decedent, or
the post-mortem interval (PMI). When the PMI is accu-
rate, it allows for investigation into the cause and manner
of death, verification of witness testimony and reduces the
number of possible victims [3]. Therefore, a need exists to
find affordable and easy-to-use methods for PMI estimation
in a resource-limited country like Nigeria.

Insects are ubiquitous and the earliest visitors to decom-
posing remains. Their community composition and suc-
cession patterns allow for PMI estimation due to the
definite pattern of appearance and disappearance of the
various insects that visit the carcass as they interact with
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the changing food source and with one another [4]. This suc-
cession pattern coincides with the stages of decomposition
[5-7]. This is valuable when the PMI is suspected to run into
months or years [8, 9]. Since insect community composition
varies between ecological environments, studies on succes-
sion patterns from different countries and regions are impor-
tant to establish local standards for PMI estimations [10-22].

Unfortunately, research in forensic entomology is scarce
in Nigeria [23, 24], particularly in the southeastern part of
the country. There is thus a need for local entomological data
that may be applied to PMI estimation. Although some stud-
ies have been done [12, 20, 24-27], they covered a short por-
tion of a season [20, 24, 27], used other animals that are not
comparable to humans in terms of decomposition [20, 25,
26], or were mostly conducted in other regions of the coun-
try [26, 27]. This is the first large scale study in southern
Nigeria that considers arthropod succession patterns in pig
carcasses at different times during the wet and dry seasons,
including the periods of transition between seasons. The
aim of this study was thus to delineate the insect succession
patterns as related to the various phases of decomposition
in both the wet and dry seasons in southern Nigeria. This
provides baseline data pertaining to the insect succession
patterns in carrion in southern Nigeria and gives guidelines
on the indigenous entomofauna of forensic importance as
well as their time of appearance and duration of activity
for the estimation of PMI in southern Nigeria. This data
will enable an affordable method for PMI estimation in a
resource-limited environment.

Materials and methods

This study was conducted at a fallow private property in
Nibo (6°10'0" N, 7°4'0" E), a small town in Anambra state,
in the south of Nigeria (Fig. 1). This property is at an alti-
tude of 123 m (403.54 ft) above sea level.

The tropical climate of Nigeria has wet and dry seasons,
as opposed to winter and summer seasons in many other
parts of the world. Commonly the wet season lasts longer
(April to October) than the dry season (November to March).
Most of southern Nigeria has a hot, humid climate due to
persistently high temperatures and its proximity to water
bodies, unlike the mostly hot and arid north that is closer
to the Sahara Desert. Southern Nigeria has temperature
and relative humidity ranges of 20 °C—37 °C (68°F—98.6
°F) and 70 — 100%, respectively [28]. Nibo has an aver-
age temperature of 26.9 °C (80.4°F), average wind speed of
7.5 km/h (4.7 mph), and minimum and maximum humid-
ity that ranges between 35 and 90%. The average rainfall is
1862 mm per year. The change in daily mean temperatures
throughout the year is about 3.6 °C (38.1°F). The aver-
age temperature and rainfall in the wet season are 26.3 °C

Fig.1 The location of Anambra State where the research site is
located (Map of Nigeria, 28 February 2023 from https://en.wikipedia.
org/wiki/Anambra_State)

(79.3°F) and 199 mm, while in the dry season it is 27.5 °C
(81.5°F) and 37.8 mm, respectively (World Weather Online
and Climate-Data).

Ethical clearance for this research was obtained from
the Animal Research Ethics Committee, University of the
Witwatersrand (2019/08/46/A) and the Research and Ethics
Committee (REC) of the Veterinary Services Department
of the Ministry of Agriculture and Rural Development in
Nigeria (MOA/ANV/441/Vol. 1/40).

Twenty freshly killed domestic pigs (Sus scrofa) of the
large white breed were used for this study. The pigs were
killed by butchers with a knife-stab wound to the heart and
were purchased after inspection to ensure that there were no
other external wounds. To minimize the effect of body size
on decomposition rate, the weights were kept between 30
and 66 kg [29, 30]. The slaughter wound on the chest area
was reconstituted with nylon suture size 2 (Agary Pharma-
ceuticals), cleaned, and sealed with a fabric medical plaster.
This was done to reduce the effect of a more rapid insect
colonization on the wound and a resultant overall expedited
decomposition [31-34]. The pigs were put in plastic bags
for transportation (maximum duration of + 1 h) and taken to
the study site for deposition within three hours after death.

Each pig was numbered and placed in a chicken mesh
metal cage (120 cm x 80 cm x 60 cm) in direct sun. The
cages were anchored to the ground to protect them from
scavenger disturbance and allowed the pig carcasses to be
in contact with the ground due to the open base.

A minimum distance of 10 m was maintained between
cages to prevent arthropod cross-colonization [35]. Ten pigs
were deposited at different times during the dry and wet
seasons respectively (n=20). The pigs were deployed in
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different seasons to observe the differences in insect activity
occasioned by season. Once skeletonization was reached, the
remains were removed from the cage, the cage was moved to
a new site and a new pig carcass was deposited.

During a pilot study it was observed that decomposition
progressed very rapidly with insect activity peaking in the
first four to six days. Data collection thus proceeded as fol-
lows: daily during the first week after deploying the pig,
once every three days in the second week, then every sec-
ond week until the late stages of advanced decomposition
or skeletonization were reached. During each visit, insects
were collected and the Total Body Score (TBS) of each pig
was recorded, in order to be able to associate the stage of
decomposition with the insects observed. The TBS is the
sum of the points (based on the five stages of decompo-
sition) assigned to the three body regions, viz. head and
neck, trunk and limbs, by visual assessment of the extent
of decomposition [2]. The TBS scoring was done by using
the amendments for pigs to Megyesi et al.’s method [3] by
Keough et al. [36].

Adult flies were collected by aerial sweeps using a
hand net. As decomposition progressed, larvae and beetles
were collected using forceps. Caution was exercised to
collect only two or three of a particular arthropod for
identification in order not to alter the course or duration
of the decomposition process. The collected insects and
beetles were killed using an ethyl acetate killing jar and
pinned for identification [37]. The larvae were divided
into two groups: one group was reared to adult stage on
ground chicken liver in an improvised insect cage for
identification, while the other was immersed in hot water for
five minutes and fixed in 70% ethyl alcohol for preservation
and subsequent identification. Photographs of the collected
arthropods and larvae were sent to, and identified by, the
senior author LH, an entomologist at the Department of
Forensic Medicine of the University of the Witwatersrand
as no such specialist could be found in Nigeria. Insects of
forensic importance were identified to the genus and species
level whereas incidental insects were identified to the lowest
morphological taxonomic level.

Fig.2 The various flies present
during the fresh decomposition
stage; a Musca domestica, Fam-
ily Muscidae and b Chrysomya
marginalis, Family Calliphori-
dae
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The arthropods collected were grouped into classes,
orders and families to determine the number of these groups
that were represented in the study. Furthermore, the insect
succession patterns obtained from this identification were
compared between the wet and the dry seasons. It was also
compared to other studies on the continent, mostly from
South Africa as this is where the majority of comparable
studies on the continent were conducted. This study was
mostly descriptive (qualitative) in nature.

Results

The fresh stage of decomposition during both the wet and
dry seasons lasted for only one day. The necrophagous
housefly, Musca domestica (De Geer, 1776), was mostly
the first to arrive during this stage followed closely by the
blow fly Chrysomya marginalis (Wiedemann, 1830). These
arthropods visited within 5 min and 10 min after placement,
respectively (Fig. 2).

The bloat stage lasted between days two and three after
placement (TBS ranging from five to 14). The necropha-
gous insects associated with this stage were limited and
included Chrysomya chloropyga (Wiedemann, 1818),
observed on the second and third days, and Sarcophaga sp.
(Meigen, 1826) (Family: Sacrophagidae) appearing from
day three (Fig. 3a and b, respectively). Other predacious
and omnivorous insects that visited the pig carcassess
during the bloat stage included an ant species (Family
Formicidae) on day two, beetles of the Family Gyrinidae,
the black soldier fly (Hermetia illucens (Linnaeus, 1758))
and flies of the necrophagous Family Phoridae. These all
appeared on day three (Fig. 3c to f). The beetles of the
family Gyrinidae and the black soldier flies were exclu-
sively present in the wet season and were observed until
day 11. The flies of the Phoridae family were found in both
seasons and were present until about day 22. Overall, Cal-
liphoridae was the most dominant necrophagous family,
reaching a peak appearance by the third to fourth day, or
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Fig.3 The various insects
present during the bloat stage
including a Chrysomya chloro-
pyga, Family Calliphoridae, b
Flesh fly, Family Sarcophagi-
dae, ¢ ant, Family Formicidae,
d beetle, Family Gyrinidae, e
Black soldier fly/Hermetia illu-
cens, Family Stratiomyidae, and
f the fly, Family Phoridae

the time of maximum bloat. They gradually thinned out
and eventually disappeared between the fourth and seventh
days.

The beginning of the active decay stage was generally
marked by newly hatched maggots from eggs deposited in
body orifices during the fresh stage. As desiccation set in
and progressed, the developed larvae began to move away
from the pig carcasses to pupate due to the changing food
resource. This migration coincided with the end of the active
decay stage. We found the active decay stage to last between
days four and six after placement (TBS of 20 to 24). The
maggots were observed to favour the area immediately sur-
rounding the carcass, in order to burrow into the soil and
pupate in the dry season. They moved further away from the
remains in the wet season. Consequently, far more new flies
and pupal casings were observed within or around the cage
during the dry season than in the wet season.

The active decay stage arthropods were mainly beetles.
Necrophagous Dermestid beetles, Dermestes maculatus
(DeGeer, 1774) (Fig. 4a), appeared between the fourth and
the sixth day and lasted for a variable time depending on
the season; up to the 16th day in the dry season and 30th
day in the wet season. Adventive Scarab beetles (Family
Scarabaeidae) and bees (Family Apidae) appeared only
briefly between the fourth and fifth days (Fig. 4 b and c,
respectively). However, whereas the scarab beetles were
exclusively observed in the wet season, bees were common
in both seasons. Another adventive beetle species, Plat-
ycorynus dejeani (Chevrolat, 1836) (Family Chrysomeli-
dae), appeared on day four while the predacious rove beetle
(Family Staphylinidae) was observed in only one wet season
pig between days six and 16 (Fig. 4 d and e, respectively).

All the stages of decomposition described above (i.e., the
earlier stages) were found not to differ in duration between
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Fig.4 The various insects
present during the active decay
stage: a Dermestes maculatus
beetle, Family Dermestidae, b
scarab beetle, Family Scara-
baeidae, ¢ bee, Family Apidae,
d Platycorynus dejeani beetle,
Family Chrysomelidae and

e rove beetle, Family Staphyli-
nidae

o

the seasons. Although starting around day seven after place-
ment, the advanced decay stage was found to be consider-
ably shorter in the wet season than the dry season. Starting
around day 7 for both seasons, it ended between days 51
and 107 in the wet season (Table 1) with a TBS range of 20
to 35, while it was observed to end between days 118 and
190 after placement in the dry season (Table 1) with a TBS
range of 18 to 33. Materializing later in the decomposition
process, were predacious jumping spiders (Family Saltici-
dae), predacious centipedes, adventive crickets and grass-
hoppers (Fig. 5), appearing after two weeks of placement.
These arthropods used the carcasses as shelter. These arthro-
pods, along with the bees which appeared early, are inciden-
tals and are therefore not forensically important. However,
very few of the forensically important arthropods, such as
Musca domestica and the flesh flies, which were observed
during the earlier stages, were also found in these late stages
(Figs. 2a and 3b).

For the group of pig carcasses placed during the first dry
season (December 21, 2019 — March 16, 2020), there was a

@ Springer

noticeable interlude in insect activity which coincided with
late advanced decomposition. During this time the remains
were completely desiccated. However, with the rehydration
of the remains in the wet season, there was a return of some
insects to continue decomposition which eventually led to
skeletonization. These insects were much fewer in number
than during early decomposition and included necrophagous
M. domestica, Sarcophagids and a few calliphorids. There
were also some larvae and a few larvae predators such as
the ants.

Ants (Family Formicidae) and beetles, especially P.
dejeani (Family Chrysomelidae), were found to scavenge
on the maggots and the newly emerged flies which emerged
around day 13. The time of appearance of these arthropods
and their duration of stay on the carcasses coincided with the
presence of these insect food sources. Both families (Formi-
cidae and Chrysomelidae) typically stayed on or visited the
carcass until either complete desiccation in the dry season,
or rapid skeletonization in the wet season which made the
food resource unsuitable for maggots. It is important to point
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Table 1 Summary of the adult

arthropods associated with Wet season Stages of decomposition
the stages of decomposition in Family Fresh Bloat Active Advanced Dry
the wet and dry seasons (‘+’ (Day 0-1) (Day 2-3) (Day 4-6) (Day 7-107) (>Day 51)
denotes present; ‘- ¢ denotes (TBS 0-3) (TBS 4-14) (TBS 12-25) (TBS 20-31) (TBS>24)
absent Muscidae + + + + -
Calliphoridae + + + - -
Formicidae - + + + +
Chrysomelidae - - + + +
Gyrinidae - + + + -
Stratiomyidae - + + + -
Phoridae - + + + -
Dermestidae - - + + -
Scarabaeidae - + + - -
Staphylinidae - - + + -
Apidae - + + - -
Salticidae - - - + -
Dry season Stages of decomposition
Family Fresh Bloat Active Advanced Dry
(Day 0-1) (Day 2-3) (Day 4-6) (Day 7-190) (>Day 118)
(TBS 0-3) (TBS 5-11) (TBS 12-22) (TBS 18-33) (TBS>24)
Muscidae + + + + +
Calliphoridae + + + + -
Formicidae - + + + -
Chrysomelidae - - + + -
Phoridae - + + + -
Dermestidae - - + + -
Apidae - + + - -

Fig.5 The various incidental
insects present during advanced
decay and dry stages of decom-
position: a Jumping spider,
Family Salticidae; b centipede,
Family Scolopendridae; ¢
cricket (Gryllus sp. (Linnaeus,
1758)), Family Grylloidea;

and d variegated grasshopper
(Zonocerus variegatus (Lin-
naeus, 1758)), Family Pyrgo-
morphidae
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out the role of arthropods in facilitating skeletonization by
removing chunks of desiccated tissues hydrated during the
wet season.

The dry season witnessed fewer families of arthropods
than the wet season—there were seven families during the
dry season and twelve during the wet season (Table 1). Apart
from this obvious difference in the number of arthropod fam-
ilies present for each season, there was an observed increase
in the absolute number of insects noted in the wet season
when compared to those in the dry season. The arthropods
collected from the decomposing pig carcasses included three
classes, six orders, and 16 families (Table 2). The arthro-
pods’ duration on the carcasses was longer in the wet season.

Discussion

Insects are the first animals to arrive at decomposing
remains, and exert their effect by spreading bacteria, and
larval feeding which accounts for the greatest amount of soft
tissue loss during decomposition [32, 38, 39]. Due to differ-
ences in species and behaviours of these arthropods among
regions and between seasons, and paucity of data in Nige-
ria, it was important to observe, collect and identify these
arthropods to produce a comprehensive data set of insects
of forensic importance. Their succession patterns over the

two seasons of the year were also observed. In this study, the
succession patterns were compared between the wet and dry
seasons, and with other studies.

Diptera succession

During the fresh stage of decomposition, Musca domestica
was often the first fly to arrive at the scene in both seasons
followed closely by Chrysomya marginalis. This contra-
dicts observations in other studies in southern Nigeria and
elsewhere, in which Calliphorids arrived before Muscids
[22, 27, 40]. Ekanem and Dike [27], following an earlier
study using domestic pigs at the end of the dry season in
south eastern Nigeria, reported late arrival of Muscidae in
the bloat stage. This difference could be due to microenvi-
ronmental or habitat differences [41] as the location of the
earlier study was near a ravine which saw different fauna that
included crustaceans. A study in the north-central part of
Nigeria has shown that a marked difference exists in succes-
sion patterns between dry land and regions proximal to water
bodies [42]. A previous study in south-eastern Nigeria [27]
was carried out between March and April, a period which
could be described as a transition period between the dry and
the wet seasons and therefore may not represent typical con-
ditions in either the dry or wet seasons. Decomposition has
been demonstrated to be more rapid during this transition

Table 2 Arthropods observed

. ! o Class Order Family Stage of decomposition:
during pig decomposition Fresh—F, Bloat—B, Active—Ac,
according to classes, orders, and Advanced—Ad, Dry—D
families
Wet season Dry season
Insecta Diptera Muscidae F, B, Ac, Ad F, B, Ac, Ad, D
Musca domestica F, B, Ac F, B, Ac, Ad
Calliphoridae B B
Chrysomya marginalis B, Ac, Ad -
Chrysomya chloropyga B, Ac, Ad -
Stratiomyidae B B
Hermetia illucens
Phoridae
Sarcophagidae
Coleoptera Chrysomelidae Ac, Ad, D Ac, Ad
Hymenoptera Platycorynus dejeani B, Ac, Ad -
Hemiptera Gyrinidae Ac, Ad Ac, Ad
Orthoptera Dermestidae B, Ac -
Dermestes maculatus Ac, Ad -
Scarabaeidae B, Ac, Ad, D B, Ac, Ad
Staphylinidae B, Ac B, Ac
Formicidae Incidental Incidental
Apidae Incidental Incidental
Meliponula sp Incidental Incidental
Grylloidea
Acrididae
Pyrgomorphidae
Arachnida Araneae Salticidae Incidental Incidental
Chilopoda Incidental Incidental
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period by Etoniru et al., (submitted). Also, the short period
over which succession was captured in this earlier study [27]
may not reflect the entire succession dynamics. The arrival
of the first flies within minutes of deposition in the current
study could be exploited for more precise timing of succes-
sion intervals. A study in Jos, the central region of Nigeria,
which utilised rabbit carcasses, found other species of the
Calliphoridae like Lucilia cuprina, Chrysomya albiceps,
Chrysomya megacephala and Phormia regina to be the first
colonizers, closely followed by the common housefly Musca
domestica in the fresh stage [42]. Carcass size and species
difference, as well as differences in environment and sea-
sons, may play a part in the observed differences in insect
activity with the present study. Jos has a lower average daily
temperature of 23 — 25 °C even in the dry season when the
study was performed [42]. Another study in the Kirimiro
region of Burundi [43] which utilized mouse carcasses,
observed Monomorium pharaonis and Leptothorax acervo-
rum, both of the Family Formicidae, to be the first insects to
visit the carcasses and by far the most dominant. This could
perhaps be explained by differences in carcass species and
size [44-46].

Like the present study, Kelly et al. [47] found that
the first arthropod to visit the remains in Bloemfontein,
central South Africa, during winter were the Muscids
(Musca domestica) followed by Calliphorids. Unlike the
present study, however, which recorded both types of flies
in the fresh stage, Kelly et al. [47] found the Calliphorids
appearing for the first time in the bloated stage. This could
be because the carcasses in the Kelly et al. study were
wrapped in medium-weight cotton sheeting. Another
study in KwaZulu-Natal, South Africa [48], found that
Calliphorids like Chrysomya marginalis, Chrysomya
chloropyga, and Chrysomya putoria were the first visitors
and that they appeared before the Muscids (Musca
domestica). However, they all appeared within a few hours
during the fresh stage. Similar to previous studies, the bloat
stage was associated with the highest number of Dipterans
[48-50]. This has been reported to be due to the strong
odour and their preference for soft tissue degradation caused
by both autolysis and putrefaction [51, 52]. In the current
study, the period of activity of the Chrysomya species up to
the advanced stage during the dry season are similar to the
finding in KwaZulu-Natal [48].

The blow fly was the most significant forensic fly in
both the present study and that in Ghana [22], although
it was Chrysomya marginalis in Nigeria and Chrysomya
rufificacies in Ghana. The difference could be due to
factors such as competition, food quality, the prevailing
insect species and predation which are important factors
that affect carrion insect availability and succession
[41, 53-55]. The finding of more insect families and
species in the dry season of Ghana [22] underlines the

positive influence of humidity on insect abundance and
decomposition rate as humidity was unusually marginally
higher during the dry season when compared with the
wet season.

The newly emerged flies from reared larva collected
during this study in the active decomposition stage were
identified as Lucilia sericata, the common blow fly. Inter-
estingly, the adult stage of this insect was not observed at
the research site throughout the period of study unlike other
members of Calliphoridae like Chrysomya marginalis and
the rare Chrysomya chloropyga. This may be due to the noc-
turnal activity and oviposition of Lucilia sericata which was
reported by an earlier study in the United States [56] and in
north-western India [57]. Considering that arthropod sam-
pling for this study was performed during the day, the adult
fly may not have been sampled. This needs further research
as earlier studies indicate that Lucilia sericata is widely dis-
tributed in Nigeria [20, 58, 59].

Coleopteran succession

Chrysomelidae (Platycorynus dejeani) were the most
dominant beetles in the present study, appearing in active
decomposition and staying until skeletonization was
reached during the wet season, or advanced decomposition
during the dry season. This was followed by Dermestidae
(Dermestes maculatus) which were present between the
active decomposition and early advanced decomposition
of both seasons. Platycorynus dejeani did not appear in
South African studies [47, 48, 60], but the presence of
Dermestes maculatus in the active stage agrees with the
findings of Kelly et al. [47] in central South Africa but not
in KwaZulu-Natal [48] where they appeared earlier in the
bloat stage. Unlike the present study in which the activity
of Dermestes maculatus ended in advanced decomposition,
it persisted until the dry remains stage in both KwaZulu-
Natal and central South Africa [47, 48]. This could be due
to the prolonged advanced decomposition with desiccation
during which time the carcasses usually consisted of bones
covered with desiccated hide which may be too tough for
the beetles. Studies in South Africa [47, 48, 60] agree
that Dermestes maculatus is a dominant beetle species in
carrion decomposition. Scarabaeidae appeared in the bloat
stage in the present study and in KwaZulu-Natal [48].

Insect activity and season

The arthropod succession patterns of the wet and dry sea-
sons were similar. However, there were obvious differences
in the absolute number and species composition which were
both increased in the wet season. Those exclusively present
in the wet season included the families Gyrinidae, Stra-
tiomyidae (Hermetia illucens) and Scarabaeidae (Table 1).
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This difference in arthropod population composition and
absolute number according to season or time of the year
is documented in the literature [41, 48, 54, 61, 62] and
has been attributed to climatic factors such as temperature
and humidity [48, 53, 61-63]. This seasonal difference is
important as the insects found on the remains may indicate
the season of death which also affects decomposition rate
[9, 18, 64].

Arthropod larvae also acted for longer during the wet sea-
son as the remains remained moist for a longer period than
during the dry season. This ensured that insects like the For-
micids which scavenged on larva, also acted longer in the wet
season.

For the pig remains placed during the first dry season, there
was a break in insect activity in late advanced decomposi-
tion at which time the tissues of the remains were completely
desiccated. With the rehydration of the remains during the
wet season, there was return of some insects, including those
of forensic importance like Musca domestica and Chrysomya
marginalis. This insect activity was of a much smaller scale.
This resumption of decomposition following rehydration of
initially desiccated remains was also found in Pretoria, South
Africa [65].

Rainfall and insect activity

With respect to the effect of rainfall on insect activity, both
the present study and the study in Pretoria, South Africa,
[65] found that active rainfall episodes reduced insect
numbers. However, the insects returned to continue their
activity when the remains were no longer waterlogged.
Overall, there was more insect activity during the wet
season of Nigeria and the summer in the Highveld
(Pretoria) of South Africa. The summer season of the
Highveld region is, therefore, similar to the wet season in
Nigeria in that there was rainfall, increased humidity, and
increased insect activity.

The species of insects that are common to both Nigeria
and South Africa appear to be those that are found in the
warmer summers in South Africa [41, 66, 67]. This is probably
because Nigeria has no winter-like season which reiterates the
effect of various climatic factors in the species composition
and abundance of carrion arthropods.

One of the limitations of this study was the inability
to identify all the insects to the species level due to
significant challenges in finding, and willingness of,
local entomologists. The insects were thus identified by
an entomologist at the Department of Forensic Medicine
of the University of the Witwatersrand (LH), using
photographs of the insects. Hopefully, this research will
stimulate interest in the potential contributions of insects
in forensic contexts in Nigeria.

@ Springer

Conclusion

This study provides the first data on long term decomposition
and associated insect succession patterns in southern Nigeria
including various times through the wet and dry seasons. The
common housefly Musca domestica was the first to visit the
remains, within 5 min after deposition, followed about five
minutes later by Chrysomya marginalis, a blow fly, in both
seasons. This short period of colonization could be exploited
for more precise timing of succession intervals when these
flies are found in remains. Some arthropods, like beetles of the
Family Gyrinidae and the black soldier fly (Hermetia illucens),
visited the pig carcasses exclusively in the wet season. When
these insects or their pupal casings are recovered from remains,
it could indicate that early decomposition occurred in the wet
season. Finally, a list of the arthropods of forensic importance
and the arthropod succession patterns in southern Nigeria was
described which could serve as a reference and a starting point
for forensic entomological research in Nigeria. Considering
the regularity of the appearance and disappearance of these
arthropods, their period of activity and the predilection of some
of them for a specific decomposition stage or season, a fairly
accurate estimation of the PMI can be attempted by comparing
these variables with similar entomological data obtained from
recovered remains in the same locality. The current poor
application between research outcomes and application to
casework can be improved through collaboration between
researchers and the criminal justice system who are directly
responsible for death investigations.

Key points

1. The fresh, bloat and active decay stages of decomposi-
tion lasted for the same duration for both seasons: fresh
— one day, bloat — two days, active decay — three days.

2. The necrophagous species Musca domestica and Chrys-
omya marginalis were the first to arrive (within 10 min)
in both seasons. This early arrival could be exploited for
more precise timing of succession intervals when these
flies are found in remains.

3. In addition to a general increase in the total number and
species richness of arthropods in the wet season, some
arthropods were observed exclusively in the wet season.
Their presence in remains could be used to establish the
season of death due to the indication that early decom-
position occurred in the wet season.

4. There was a noticeable interlude in insect activity in
the dry season during which time the remains were
completely desiccated. This coincided with late
advanced decomposition [Total Body Score (TBS) >24].
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5. The entomological data could be utilized as a reference
for forensic scientists to aid in attempting a PMI
assessment in Nigeria.

Acknowledgements This work was partially supported through
funding received from the National Institute of Justice and the
Forensic Technology Centre of Excellence, American Academy
of Forensic Sciences (AAFS) Humanitarian and Human Rights
Resource Centre (HHRRC) and the JJJ Smieszek Bursary, School of
Anatomical Sciences, University of the Witwatersrand. The funders of
this research had no role in the study design, data collection, analysis,
interpretation, and the decision to submit this article for publication.
The research site was provided by Professor Emma Okoye (Professor
of Accounting at Nnamdi Azikiwe University, Awka, Nigeria), for
which we are grateful.

Author contribution Izuchukwu Etoniru: Investigation, Methodol-
ogy, Data curation, Formal analysis, Writing - original draft, Writing
- review and editing, Visualization.

Jolandie Myburgh: Conceptualization, Methodology, Valida-
tion, Formal analysis, Writing - review and editing, Visualization,
Supervision.

Maryna Steyn: Conceptualization, Methodology, Writing - review
and editing, Visualization, Supervision.

Desiré Brits: Conceptualization, Methodology, Resources, Data
curation, Writing - review and editing, Visualization, Supervision,
Project administration, Funding acquisition.

Lawrence Hill: Conceptualization, Methodology, Data curation,
Writing - review and editing, Visualization.

Funding Open access funding provided by University of the Witwa-
tersrand. This work was partially supported through funding received
from the National Institute of Justice and the Forensic Technology Cen-
tre of Excellence, American Academy of Forensic Sciences (AAFS)
Humanitarian and Human Rights Resource Centre (HHRRC) and the
JJJ Smieszek Bursary, School of Anatomical Sciences, University of
the Witwatersrand. The funders of this research had no role in the study
design, data collection, analysis, interpretation, and the decision to
submit this article for publication.

Data availability Data can be made available upon request, following
the necessary institutional permisisons and agreements.

Declarations

Ethics approval Ethical clearance for this research was granted by the
Animal Research Ethics Committee, University of the Witwatersrand,
South Africa (2019/08/46/A). Ethical clearance was also obtained from
the Research and Ethics Committee (REC) of the Veterinary Services
Department of the Ministry of Agriculture and Rural Development in
Nigeria (MOA/ANV/441/Vol. 1/40).

Conflict of interests The authors declare that they have no conflict of
interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in

the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Obafunwa J, Faduyile F, Soyemi S, Eze U, Nwana E, Odesanmi
W. Forensic Investigation of mass disasters in Nigeria: a review.
Niger Med J. 2015;56(1):1-5.

2. International Committee of the Red Cross. Nigeria: voices from
families of the missing. 2023. https://www.icrc.org/en/docum
ent/nigeria-voices-families-missing. Accessed 4 May 2023.

3. Megyesi MS, Nawrocki SP, Haskell NH. Using accumulated
degree-days to estimate the postmortem interval from decom-
posed human remains. J Forensic Sci. 2005;50(3):1-9.

4. Greenberg B. Flies as forensic indicators. ] Med Entomol.
1991;28(5):565-77. https://doi.org/10.1093/jmedent/28.5.565.

5. Catts EP, Goff ML. Forensic entomology in criminal investiga-
tions. Annu Rev Entomol. 1992;37(1):253-272

6. Carvalho LML, Thyssen PJ, Linhares AX, Palhares F. A
checklist of arthropods associated with pig carrion and human
corpses in Southeastern Brazil. Mem Inst Oswaldo Cruz.
2000;95(1-2):135-8.

7. Wolff M, Uribe A, Ortiz A, Duque P. A preliminary study of
forensic entomology in Medellin, Colombia. Forensic Sci Int.
2001;120(1-2):53-9. https://doi.org/10.1016/S0379-0738(01)
00422-4.

8. Amendt J, Richards CS, Campobasso CP, Zehner R, Hall MJR.
Forensic entomology: applications and limitations. Foren-
sic Sci Med Pathol. 2011;7:379-92. https://doi.org/10.1007/
$12024-010-9209-2.

9. Madra A, Fratczak K, Grzywacz A, Matuszewski S. Long-term
study of pig carrion entomofauna. Forensic Sci Int. 2015;252:1—
10. https://doi.org/10.1016/j.forsciint.2015.04.013.

10. Early M, Goff ML. Arthropod succession patterns in exposed
carrion on the island of O’ahu, Hawaiian Islands, USA. J Med
Entomol. 1986;23(5):520-31.

11. van der Louw SM, van der Linde TC. Insects frequenting
decomposing corpses in central South Africa. African Entomol.
1993;1(2);265-269.

12. Alafia A, Anikwe J, Makanjuola W. Succession pattern of
insects of forensic importance on pig (Sus scrofa Linnaeus)
Carrion in Lagos and Kaduna States of Nigeria. Nig J Entomol.
2017;33:23-36.

13. Magni PA, North JD, Zwerver M, Dadour IR. Insect succession
pattern on decomposing pig carcasses in Tasmania: a summer
study. Pap Proc R Soc Tasmania. 2019;153:31-8.

14. Martin-Vega D, Baz A, Cifrian B, Gomez-G6émez A, Diaz-Aranda
LM. Long-term insect successional patterns on pig carcasses in
central Spain. Int J Legal Med [Internet]. 2019;133:1581-92.
https://doi.org/10.1007/s00414-019-02088-z.

15. Tantawi TI, El-Kady EM, Greenberg B, El-Ghaffar HA. Arthro-
pod succession on exposed rabbit carrion in Alexandria. Egypt J
Med Entomol. 1996;33(4):566—-80. https://doi.org/10.1093/jmede
nt/33.4.566.

16. Bharti M, Singh D. Insect faunal succession on decaying rabbit
carcasses in Punjab India. J Forensic Sci. 2003;48(5):1-11. https://
doi.org/10.1520/JFS2001358.

17. Battan Horenstein M, Xavier Linhares A, Rosso De Ferradas B,
Garcia D. Decomposition and dipteran succession in pig carrion
in central Argentina: ecological aspects and their importance in
forensic science. Med Vet Entomol. 2010;24(1):16-25.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://www.icrc.org/en/document/nigeria-voices-families-missing
https://www.icrc.org/en/document/nigeria-voices-families-missing
https://doi.org/10.1093/jmedent/28.5.565
https://doi.org/10.1016/S0379-0738(01)00422-4
https://doi.org/10.1016/S0379-0738(01)00422-4
https://doi.org/10.1007/s12024-010-9209-2
https://doi.org/10.1007/s12024-010-9209-2
https://doi.org/10.1016/j.forsciint.2015.04.013
https://doi.org/10.1007/s00414-019-02088-z
https://doi.org/10.1093/jmedent/33.4.566
https://doi.org/10.1093/jmedent/33.4.566
https://doi.org/10.1520/JFS2001358
https://doi.org/10.1520/JFS2001358

700

Forensic Science, Medicine and Pathology (2025) 21:690-701

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Matuszewski S, Bajerlein D, Konwerski S, Szpila K. Insect suc-
cession and carrion decomposition in selected forests of Central
Europe. Part 3: Succession of carrion fauna. Forensic Sci Int.
2011;207(1-3):150-63.

Kyerematen R, Boateng B. Insect diversity and succession pattern
on different carrion types. J Res Biol. 2012;2(7):1-8.

Ndueze OU, Okiwelu SN, Umeozor OC, Noutcha MAE. Arthro-
pod succession on wildlife carcasses in lowland rainforest, Rivers
State. Nigeria Eur J Exp Biol. 2013;3(5):106-10.

Bygarski K, Leblanc HN. Decomposition and arthropod suc-
cession in Whitehorse, Yukon territory, Canada. J Forensic Sci.
2013;58(2):413-8.

Kyerematen RAK, Boateng B, Haruna M, Vincent EY.
Decomposition and insect succession pattern of exposed
domestic pig (Sus scrofa L.) carrion. ARPN J Agric Biol Sci.
2013;8(11):756-765.

Usua EJ. Forensic entomology and humanity. Nig J Ent.
2007;24:1-16.

Abajue MC, Akunne E. Insects associated with decomposing
pig carrions in Okija, Anambra State, Nigeria. Biosci [Internet].
2013;1(1):54-9.

Okiwelu SN, Ikpamii T, Umeozor OC. Arthropods associated
with mammalian carcasses in Rivers State. Nigeria African J
Biomed Res. 2008;11(3):339-42.

Ahmed A-B, Joseph S. Estimation of postmortem interval
using the blowfly Phaenicia (Lucilia) sericata (Diptera: Cal-
liphoridae) in Kaduna, Northern Nigeria. Int J Res Med Sci.
2016;4(8):3417-20.

Ekanem MS, Dike MC. Arthropod succession on pig carcasses in
Southeastern Nigeria. Pap Avulsos Zool. 2010;50(35):561-70.
Mobolade TD, Pourvahidi P. Bioclimatic approach for climate
classification of Nigeria. Sustain. 2020;12(10):4192.
Matuszewski S, Konwerski S, Fratczak K, Szafatowicz M. Effect
of body mass and clothing on decomposition of pig carcasses. Int
J Legal Med. 2014;128(6):1039—48.

Sutherland A, Myburgh J, Steyn M, Becker PJ. The effect of body
size on the rate of decomposition in a temperate region of South
Africa. Forensic Sci Int [Internet]. 2013;231(1-3):257-62. https://
doi.org/10.1016/j.forsciint.2013.05.035.

Galloway A, Birkby WH, Jones AM, Henry TE, Parks BO. Decay
rates of human remains in an arid environment. J Forensic Sci.
1989;34(3):607-16.

Mann R, Bass W, Meadows L. Time since death and decomposi-
tion of the human body: variables and observations in case and
experimental field studies. J Forensic Sci. 1990;35(1):103-11.
Rodriguez WC. Decomposition of buried and submerged bodies.
In: Haglund W, Sorg M, editors. Forensic Taphonomy: The post-
mortem fate of human remains. Boca Raton: CRC Press; 1997. p.
459-67.

Kyerematen RAK, Boateng B, Haruna M, Vincent EY. Decompo-
sition and insect succession pattern of exposed domestic pig (Sus
scrofa L.) carrion. ARPN J Agric Biol Sci. 2013;8(11):756-65.
Shahid SA, Schoenly K, Haskell NH, Hall RD, Zhang W. Carcass
enrichment does not alter decay rates or arthropod community
structure: A test of the arthropod saturation hypothesis at the
anthropology research facility in Knoxville, Tennessee. J] Med
Entomol. 2003;40(4):559-69.

Keough N, Myburgh J, Steyn M. Scoring of decomposition: a
proposed amendment to the method when using a pig model for
human studies. J Forensic Sci. 2017;62(4):986-93.

Amendt J, Campobasso CP, Gaudry E, Reiter C, LeBlanc HN,
Hall MJR. Best practice in forensic entomology - Standards and
guidelines. Int J Legal Med. 2007;121(2):90-104.

Payne JA. A summer carrion study of the baby pig Sus scrofa
linnaeus. Ecology. 1965;46(5):592-602.

Springer

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Bachmann J, Simmons T. The influence of preburial insect access
on the decomposition rate. J Forensic Sci. 2010;55(4):893-900.
Byrd JH, Castner JL, editors. Forensic entomology: The utility of
athropods in legal investigations. 2nd ed. Boca Raton: CRC Press;
2010. p. 1-681.

Villet MH. African carrion ecosystems and their insect com-
munities in relation to forensic entomology. Pest Technol.
2011;5(1):1-15.

Oladejo AO, Musa I, Sikiru GK, John WC, Olori-Oke OO, Olo-
rundare OO, et al. Succession pattern of insect of forensic impor-
tance on rabbit carrion at three locations in federal college of for-
estry of Jos, Plateau State, Nigeria. Russ J Agric Socio-Economic
Sci. 2021;117(9):150-8.

Dushimirimana S, Emmanuel B, Anastasie G. Necrophagous
insects’ succession on corpse in African Great Lakes Region. East
African SchJ Agric Life Sci. 2021;4(4):96-100.

Kneidel KA. Influence of carcass taxon and size on spe-
cies composition of carrion-breeding Diptera. Am Midl Nat.
1984;111(1):57-63.

Hewadikaram KA, Goff ML. Effect of carcass size on rate of
decomposition and arthropod succession patterns. Am J Forensic
Med Pathol. 1991;12(3):235-40.

Simmons T, Adlam RE, Moffatt C. Debugging decomposition
data - Comparative taphonomic studies and the influence of
insects and carcass size on decomposition rate. J Forensic Sci.
2010;55(1):8-13.

Kelly JA, Van Der Linde TC, Anderson GS. The influence of
clothing and wrapping on carcass decomposition and arthropod
succession during the warmer seasons in Central South Africa. J
Forensic Sci. 2009;54(5):1105-12.

Tembe D, Mukaratirwa S. Insect succession and decomposi-
tion pattern on pig carrion during warm and cold seasons in
Kwazulu-Natal Province of South Africa. J] Med Entomol.
2021;58(6):2047-57.

Shi YW, Liu XS, Wang HY, Zhang RJ. Seasonality of insect suc-
cession on exposed rabbit carrion in Guangzhou, China. Insect
Sci. 2009;16(5):425-39.

Keshavarzi D, Zaimy MA, Ahmed Yusuf M, Shahriarinamadi
M, Parkhideh S. Insect succession on carrion in Fars Province,
Southwestern Iran. Egypt J Forensic Sci. 2019;9(18):1-6. https://
doi.org/10.1186/s41935-019-0124-8.

Goff ML. Estimation of postmortem interval using arthro-
pod development and successional patterns. Forensic Sci Rev.
1993;5(2):81-94.

Verheggen F, Perrault KA, Megido RC, Dubois LM, Francis F,
Haubruge E, et al. The odor of death: an overview of current
knowledge on characterization and applications. Bioscience.
2017;67(7):600-13.

Matuszewski S, Szafatowicz M, Jarmusz M. Insects colonis-
ing carcasses in open and forest habitats of Central Europe:
search for indicators of corpse relocation. Forensic Sci Int.
2013;231(1-3):234-9.

Richards C, Williams K, Villet M. Predicting geographic distribu-
tion of seven forensically significant blowfly species (diptera: Cal-
liphoridae) in South Africa. African Entomol. 2009;17(2):170-82.
Williams K. Spatial and temporal occurrence of forensically
important South African Blowflies (Diptera: Calliphoridae) [The-
sis]. SA.: Rhodes University, Grahamstown; 2003.

Greenberg B. Nocturnal oviposition behavior of blow flies (Dip-
tera: Calliphoridae). ] Med Entomol. 1990;27(5):807-10.

Singh D, Bharti M. Further observations on the nocturnal oviposi-
tion behaviour of blow flies (Diptera: Calliphoridae). Forensic Sci
Int. 2001;120(1-2):124-6.

Ekrakene T, Iloba BN. One death, many insects’ species yet one
insect’s generation. J Entomol. 2011;8(1):27-39.


https://doi.org/10.1016/j.forsciint.2013.05.035
https://doi.org/10.1016/j.forsciint.2013.05.035
https://doi.org/10.1186/s41935-019-0124-8
https://doi.org/10.1186/s41935-019-0124-8

Forensic Science, Medicine and Pathology (2025) 21:690-701

701

59.

60.

61.

62.

63.

64.

Aigbodion F, Egbon IN, Obuseli AJ. Pathogens of medi-
cal importance isolated from Phaenicia (Lucilia) sericata
(Diptera:Calliphoridae) in Benin City, Nigeria. Pakistan J Biol
Sci. 2013;16(23):1791-5.

Kelly JA, van der Linde TC, Anderson GS. The influence of
wounds, severe trauma, and clothing, on carcass decomposition
and arthropod succession in South Africa. J Can Soc Forensic Sci.
2011;44(4):144-57.

Richards CS, Price BW, Villet MH. Thermal ecophysiology of
seven carrion-feeding blowflies in Southern Africa. Entomol Exp
Appl. 2009;131(1):11-9.

Parry NJ, Mansell MW, Weldon CW. Seasonal, locality, and habi-
tat variation in assemblages of carrion-Associated diptera in Gaut-
eng Province, South Africa. J] Med Entomol. 2016;53(6):1322-9.
Michaud JP, Moreau G. Predicting the visitation of carcasses by
carrion-related insects under different rates of degree-day accu-
mulation. Forensic Sci Int. 2009;185(1-3):78-83.

Diaz-Aranda LM, Martin-Vega D, Gémez-Gémez A, Cifrian B,
Baz A. Annual variation in decomposition and insect succession

65.

66.

67.

at a periurban area of central Iberian Peninsula. J Forensic Leg
Med. 2018;56:21-31.

Myburgh J, L’Abbé EN, Steyn M, Becker PJ. Estimating the post-
mortem interval (PMI) using accumulated degree-days (ADD) in
a temperate region of South Africa. Forensic Sci Int. 2013;229(1-
3):165.e1-165.¢6.

Williams K, Villet M. Spatial and seasonal distribution of forensi-
cally important blow flies (Diptera: Calliphoridae) in Makhanda,
Eastern Cape, South Africa. ] Med Entomol. 2019;56(5):1231-8.
Braack L. Arthropods associated with carcasses in the northern
Kruger National Park. South African J Wildl Res. 1986;16:91-8.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Insect succession patterns on pig carrion in southern Nigeria
	Abstract
	Purpose 

	Introduction
	Materials and methods
	Results
	Discussion
	Diptera succession
	Coleopteran succession
	Insect activity and season
	Rainfall and insect activity

	Conclusion
	Key points
	Acknowledgements 
	References


