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casses were sprayed with deionized water (about 100 mL), whereas the two other
treated groups were individually sprayed with two concentrations of EM.1® at 1:500
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Introduction

Applying entomology in death investigations
involves interpreting the insects’ developmental
data, particularly for providing an accurate estima-
tion of minimum post-mortem interval (mPMI)
[1]. In a forensic investigation, having an accurate
estimation of mPMI would aid the investigators in
setting the time of a homicide, validating state-
ments from witnesses, and narrowing down the
number of potential suspects [2]. Forensic ento-
mological evidence becomes crucial when the
time since death is more than 72 hours, rendering
pathological changes (e.g., rigor mortis, algor
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mortis, and livor mortis) less reliable for estimat-
ing mPMI [3]. This can be done by examining the
necrophagous insects infesting the corpse, observ-
ing their current life cycle stage, estimating the age
of the immatures (e.g., larval instar), and subse-
quently estimate the mPMI [4]. In this context, the
accuracy of mPMI estimate relies largely on accu-
rately identifying the oldest necrophagous insect
species, prior to utilizing the appropriate growth
data. In Malaysia, Chrysomya megacephala (Fab-
ricius) (Diptera: Calliphoridae) has been identified
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as the first and dominant necrophagous species in-
festing corpses and carcasses, followed by
Chrysomya rufifacies (Macquart) (Diptera: Calli-
phoridae) [5].

Many factors can affect initial oviposition, de-
velopment pattern, and succession of species that,
include the bio geo-climatic factors (e.g., rain) [6],
presence of therapeutic drugs and toxic substances
[1], as well as physical barriers such as covering
or wrapping [7]. A review of the literature reveals
that while insecticides such as malathion may de-
lay initial oviposition and prolong the develop-
ment of blowfly species [6], faster development of
necrophagous insects has been associated with co-
caine [8] and diazepam [9]. Besides, there are also
chemicals (e.g., bleach and paraquat) that do not
affect the development of necrophagous insects
[10, 11]. The use of chemicals and corrosive sub-
stances can be observed in some planned and pre-
determined homicide cases. In general, planned
murder can be characterized as instrumental mur-
ders in which the murders are planned and com-
mitted for certain benefits such as financial gain,
power, and wealth status [12]. Such murderers
may tend to undertake precautionary behaviors
that are consciously intended to confuse, hamper,
or defeat investigative or forensic efforts to con-
ceal their identity, connection to the crime, or the
crime itself [13]. The precautionary behaviors in-
clude various crime scene concealment and other
deliberate alteration methods (e.g., pouring chem-
icals over the victim’s body) to mislead the author-
ities or redirect an investigation [13, 14]. In this
context, it is pertinent to indicate here that any fac-
tors that alter the oviposition and development pat-
tern of necrophagous insects would subsequently
result in the erroneous estimation of PMI. Hence,
investigating the different chemicals and/or for-
mulations that are commonly available in the mar-
ket for their potential influences on the oviposition
and duration for completing the life cycle among
necrophagous insects merits forensic considera-
tion.

The use of microbial inoculants that contain
effective microorganisms (EM) to reduce offen-
sive odor, especially from waste and manure at
livestock farms, has been suggested [15]. The se-
lected species of microorganisms included in mi-
crobial inoculants are lactic acid (Lactobacillus
casei) and photosynthetic bacteria (Rhodopseudo-
monas palustris), as well as yeast [16]. The indi-
vidual functions of the effective microorganisms

include inhibiting the propagation of harmful mi-
crobes and accelerating decomposition (i.e., lactic
acid bacteria), producing amino acids that feed
other microbes (i.e., yeast) as well as playing an
important role in the nitrogen and carbon cycle
(i.e., photosynthetic bacteria) [17]. Because scien-
tific information has already become the public
domain, and since criminals nowadays are getting
better informed, it is possible that these cunning
criminals may resort to the use of commercial for-
mulations like microbial inoculants for delaying
necrophagous insect activity. The application of
microbial inoculants in the surrounding area can
lead to alteration in the successional patterns of
necrophagous flies infesting a corpse. This issue
may appear pertinent to forensic entomologists
since alteration in insect activity (especially the in-
itial oviposition) may lead to inaccurate estimation
of mPMI, and subsequently, result in the miscar-
riage of justice. The fact that such microbial inoc-
ulants are readily accessible in the market and
since the review of the literature does not reveal
any specific study focusing on its influence on ovi-
position and development pattern of C. megaceph-
ala and C. rufifacies, this specific research that
was designed to elucidate such an aspect appears
forensically relevant.

Material and Methods
Experimental design

Nine freshly slaughtered male domestic rab-
bits (Oryctolagous cuniculus (L.)) were purchased
as carcasses (weighing 1.5-2.0 kg) from a local
meat seller, and they were equally divided into
three different groups designated as control (C),
treated 1 (T1) and treated 2 (T2). For one replicate
experiment, C was sprayed with deionized water
(about 100 mL) while T1 and T2 were sprayed
with 1:500 and 1:100 (ratios to deionized water)
of the same microbial inoculant (EM.1%), respec-
tively. The chosen two concentrations of microbial
inoculant were that of suggested by the manufac-
turer and distributor for cleaning yards of livestock
rearing facilities [18].

Upon completion, each carcass was left to de-
compose in a shaded habitat that was fully pro-
tected from rain. To minimize interruptions from
the adjacent colonies, each carcass was separated
by at least 20 meters apart. The carcass was cov-
ered with a slotted plastic basket with 3—4 bricks
placed on top of the basket to protect it from being
scavenged, yet enabling free ingress and egress of
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adult flies. Replicating such a procedure, three
replicate experiments performed during 4—14 Sep-
tember 2017, 25 September—5 October 2017 and
16-26 October 2017 were included in this present
research.

Decomposition site and entomological observa-
tion.

The decomposition site was a cemented area
under a reinforced concrete roof (i.e., fully pro-
tected from rain) with all sides remaining open.
The area located within the lower ground floor of
a six-story building within Universiti Teknologi
Malaysia Johor Bahru Campus (103.635°E,
1.563°N, ~34 m above sea level). Such a habitat
was chosen to exclude rain from being a factor that
would wash away or further dilute the concentra-
tions of the sprayed microbial inoculant.

Following the method prescribed by previous
researchers [6, 10] with a minor modification, en-
tomological observations along with data on daily
ambient temperature and outside daily total rain-
fall were recorded using a data logger and a rain
gauge until the first emergence of tenerals for C.
megacephala and C. rufifacies. Entomological ob-
servation was made at every 2-hour interval during
daytime (between 8.00 a.m. to 6.00 p.m.) until the
observation of the second instar larvae of C. ru-
fifacies. Then, the observation was made at every
4-hour interval until C. rufifacies started to pupate.
Considering the limitation indicated by Mahat et
al. [6], two periods of observations (10 a.m. and 4
p.m.) were performed during the pupation period
until the emergence of tenerals, as opposed to once
daily around noon reported by the authors [6]. In
every visit, entomological observations such as
presence of eggs, the different instars of larvae,
prepupae, pupae, empty pupal cases and tenerals
were documented [10].

Sample collection and preservation

Whenever applicable representative speci-
mens of larvae demonstrating differences in ap-
pearances and sizes were collected randomly from
each carcass. Apart from the larvae, pre-pupae,
pupae and tenerals were also collected. To ascer-
tain the instars of the larvae, the number of spirac-
ular slits in their posterior spiracles was observed
[3]. The completion of a particular development
stage was decided if at least 10% of the specimens
sampled had reached that stage [19]. All larvae
sampled from each carcass were killed using hot

water (~80°C) and then transferred into specimen
containers containing 80% ethanol for preserva-
tion until further taxonomic identification. Fol-
lowing the method described by previous re-
searchers [6], samples of the wandering third in-
star larvae, prepupae as well as pupae were col-
lected and reared in rearing cups until the emer-
gence of tenerals for taxonomic identification. The
remaining pupae were observed in situ each day
until the emergence of tenerals. The rearing cups
containing the larvae/pupae were placed at the
same decomposition site as the carcasses to ensure
similarity in ambient conditions during their de-
velopment. The tenerals of C. megacephala and C.
rufifacies were identified using the taxonomic
keys provided by Kurashi et al. [20] and Nazni et
al. [21], while their larvae were identified using
the keys provided by Omar [22].

Statistical analysis

Data gathered in this study was analyzed using
the IBM SPSS version 20.0 software. The data an-
alyzed included the mean daily ambient tempera-
ture, outside daily total rainfall and onset of initial
oviposition as well as duration taken for comple-
tion of life cycles for the two species in all groups
of rabbit carcasses. The normality of the data was
determined using Shapiro-Wilk test, prior to con-
ducting the hypothesis testing. Normally distrib-
uted data were analyzed using ANOVA with
Tukey-Kramer post-hoc test, while the data that
violated the assumption of normality were ana-
lyzed using Kruskal-Walls H test with pairwise
comparison using Mann-Whitney U test. To deter-
mine the significance of the findings, the level of
significance (o) was set at 0.05.

Results and Discussion
Temperature and rainfall at the decomposition
site

Necrophagous insects (e.g., C. megacephala
and C. rufifacies) are unable to regulate their body
temperature, and therefore, they rely largely on
heat from the ambient to support their physiologi-
cal and biochemical processes [3]. Specifically,
extrinsic abiotic factors such as ambient tempera-
ture and rainfall play pivotal roles at affecting their
developmental patterns, a significant aspect for
consideration when estimating mPMI [23]. Hence,
the data on daily ambient temperature at the cho-
sen rain-protected decomposition site (but ex-
posed at all sides to the fluctuation of temperature)
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Table 1. Daily ambient temperature during the three-replicate experiments

Daily ambient temperature (°C)

Day Replicate experiment 1 Replicate experiment 2 Replicate experiment 3
(4" - 14" Sept 2017) (25" Sept — 5% Oct 2017) (16™ — 26 Oct 2017)
Mean £ SD Range Mean + SD Range Mean £ SD Range
1. 27.98 + 0.82 26.8-29.4 26.81 £ 1.44 25.1-29.7 28.18 £ 1.69 26.0-31.1
2. 27.64 £1.23 26.2-29.9 25.80 + 1.71 24.1-29.7 28.31£2.23 25.5-31.9
3. 27.42 +£1.14 26.1-29.7 26.98 + 1.25 24.9-29.0 28.89 +2.08 26.1-32.2
4. 26.93 £ 1.45 25.3-29.7 26.86 + 0.96 25.5-28.7 28.37 £ 1.94 25.8-31.2
5. 26.67 £ 1.03 25.7-29.3 26.10 £ 0.88 25.0-28.0 28.85 +1.70 26.6-31.5
6. 26.67 £ 0.90 25.8-28.8 27.08 £ 1.38 24.9-29.2 28.71 £ 1.79 26.3-31.9
7. 26.89 + 0.94 25.5-28.6 26.44 +1.12 24.7-28.8 28.49 + 1.63 26.4-30.9
8. 26.35 £ 0.77 24.9-27.9 26.73 £ 1.49 25.0-29.7 27.64 +1.52 25.7-30.3
9. 27.32 £1.53 25.5-30.0 26.28 £ 1.09 25.0-28.8 26.92 £ 1.45 25.0-29.7
10. 27.86 £ 1.28 25.9-30.1 25.15+0.91 23.9-26.6 27.39 £ 1.52 25.8-30.7
11. 27.78 £ 0.84 26.3-29.5 27.01 £ 1.36 24.9-28.6 27.33 £ 1.51 25.2-30.2
Notes: The ambient temperature was recorded in situ at every 2-hours interval throughout the experiments
using a data logger (TEN1720, KK Instruments Malaysia).
Table 2. Overall ambient temperature and rainfall for the three replicate experiments.
Repl?cate Repl?cate Replicate R1Vs. R1Vs. R2 Vs.
experiment  experiment  experiment R2 R3 R3
1 (R1) 2 (R2) 3 (R3)

Ambient tempera-  27.23+0.54  26.48 +0.58  28.10 + 0.65
ture (°C) (249-30.1)  (23.9-29.7)  (25.0-322) <005 P<005 P<005
Rainfall (mm) o NP 00300)  oa2 P<005 P<005 P<00s

were recorded during the 11 days observation pe-
riod for each replicate experiment (Table 1). Tak-
ing into account the importance of rainfall at influ-
encing blowflies’ activity [3], data on the daily to-
tal rainfall (Table 2 and Figure 1) outside of the
decomposition site were recorded too. The data on
daily mean ambient temperature recorded during
the three replicate experiments along with their
statistical inference are provided in Table 1 and
Table 2, respectively. While Figure 1 depicts the
daily total rainfall, its median value as well as the
appropriate statistical inference are presented in
Table 2.

The means and ranges of ambient temperature
for replicate experiments 1, 2 and 3 were 27.23 £
0.54°C (24.9-30.1), 26.48 + 0.58°C (23.9-29.7)
and 28.10 + 0.65°C (25.0-32.2), respectively (Ta-
ble 2). The daily total rainfall recorded during rep-
licate experiments 1, 2 and 3 ranged between 0.0—
102.0 mm (median: 11.0 mm), 0.0-25.0 mm (me-
dian: 3.30 mm), and 0.0-1.2 mm (median: 0.0
mm), correspondingly (Table 2). It is pertinent to
indicate here that although the one-way ANOVA
paired with Tukey-Kramer post-hoc test revealed

statistically significant differences (P < 0.05) in
the ambient temperature among the three replicate
experiments, the mean values actually differed
marginally by 0.75-1.62°C only. Such a small var-
iation, despite being statistically significant, may
probably small enough to cause any observed var-
iations in the growth pattern of C. megacephala
and C. rufifacies investigated in this present re-
search. It is interesting to note that [24] reported
his laboratory controlled experimental data in Ma-
laysia that C. megacephala and C. rufifacies con-
sistently completed their life cycles at 7.15 and 9
days respectively, despite the 2°C variations in the
rearing temperature (30 + 2°C). Moreover, find-
ings reported by a study in Malaysia [25] revealed
that C. megacephala completed its life cycle in
9.92 days when reared at constant temperature of
27°C when compared with that of 9.13 days at
30°C, a marginal difference of 0.79 day even with
a constant 3°C variation in the rearing tempera-
ture. In addition, a study conducted in Western
Australia [26] revealed no significant difference in
the rate of larval development for Calliphora du-
bia reared at the mean constant temperature of
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Daily total rainfall (mm)

Day of decomposition

—o—Replicate experiment 1 —e=Replicate experiment 2 —e=Replicate experiment 3

Figure 1. Data on daily total rainfall (mm) recorded outside of the decomposition site during the three replicate

experiments.

24°C when compared with that of fluctuating tem-
perature between 19°C and 30°C. The authors at-
tributed the similarity in larval growth of the said
species with the fact that “fluctuating regime lie
within the threshold and optimum temperature for
the larval development of C. dubia” [26]. There-
fore, considering all these facts, the proposition
that such a small variation in the ambient temper-
ature as 0.75-1.62°C may not likely to cause con-
siderable/ significant differences in the growth
patterns of C. megacephala and C. rufifacies, ap-
pears supported.

In addition, Kruskal-Wallis H with pairwise
comparison using Mann-Whitney U test revealed
a statistically significant difference (P < 0.05) in
daily total rainfall among three replicate experi-
ments. This may be due to the scarcity in the daily
total rainfall observed during replicate experiment
3, as well as the heavy rainfall recorded on one
particular day (day-4) during replicate experiment
1 (Figure 1 and Table 2). The fact that the decom-
position site was fully protected from rain and be-
cause initial oviposition by C. megacephala and C.
rufifacies invariably occurred on day-1 and day-2,
respectively, such influence of rain on the flying
activity for both necrophagous species infesting
carcasses in such habitat may prove as irrelevant.

Influences of microbial inoculant on initial ovi-
position and completion of life cycles of C. meg-
acephala and C. rufifacies

The durations taken for initial oviposition as
well as the onset of other stages of life cycle for C.
megacephala and C. rufifacies among the three
groups of carcasses, as well as the suitable statis-
tical comparisons are presented in Tables 3, 4 and
5, respectively. It was observed that C. megaceph-
ala being the first necrophagous fly species that
oviposited in all the control, T1 and T2 carcasses
during the three replicates, followed by C. ru-
fifacies. While the one-way ANOVA with Tukey-
Kramer post hoc test was used for comparing the
ambient temperature data among the three repli-
cate experiments, Kruskal-Wallis H with pairwise
comparison using Mann-Whitney U test was used
for comparing the rainfall data. The ambient tem-
perature data are presented as mean + standard de-
viation (range). On the other hand, the rainfall data
are presented as median (range). Significant dif-
ferences (P < 0.05) in the rainfall data among the
three replicates experiment were observed.

For both the control and T1 carcasses, the ovi-
position by C. megacephala occurred consistently
within 8 hours on the first day of decomposition;
the same was within 6-10 hours for T2 carcasses
(Table 3). Despite such a small variation for ovi-
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position of C. megacephala observed in T2 (me-
dian: 10 hours) than that of control (median: 8
hours) and T1 (median: 8 hours) carcasses, Krus-
kall-Wallis H test did not reveal any statistical sig-
nificance (P > 0.05) among the groups (Table 5).
As for C. rufifacies, oviposition for all the groups
of carcasses was invariably observed between 24—
26 hours of decomposition (Tables 5, Kruskall-
Wallis H test: P > 0.05). The durations of ovipo-
sition for C. megacephala and C. rufifacies ob-
served here appear consistent with that reported
for the same species in Malaysia [5, 27].

Studies reported that odors emanating from
the decaying tissues attracted gravid blow flies to
oviposit [28], due to the production of volatile am-
monia-rich compounds (i.e., strong attraction sig-
nals) associated with tissue breakdown by proteo-
lytic bacteria [29]. Although EM may reduce mal-
odor by suppressing the growth and activity of pu-
trefactive microorganisms [30] its effectiveness
depends largely on the consistent application of
the product for building the suitable environment
for the EM to self-propagate [18]. In this present
research, the dilutions of microbial inoculant uti-
lized for the T1 (1:500) and T2 (1:100) carcasses

Table 3. Day and time for the first observation of the different stages of life cycle for C. megacephala in
control, treated 1 and treated 2 carcasses for all three replicate experiments.

o Day and time for the first observation of
<
< st nd s d s
% Group  Eggs I Prepupae Pupae Tenerals Total du-
I~ star star star ration
C Day-1/  Day-2/ Day-2/ Day-3/ Day-4/ Day-5/ Day-9/ 192
(4pm) (8am) (4pm) (2pm) (4pm) (4pm) (4pm) hours/
[8h] [16h] [8h] [22h] [26h] [24h] [96h] 8.00 days
Day-1/ Day-2/ Day-2/ Day-3/ Day-4/ Day-5/ Day-9/ 192
1 T1 (4pm) (8am) (2pm)  (12pm) (4pm) (4pm) (4pm) hours/
[8h] [16h] [6h] [22h] [28h] [24h] [96h] 8.00 days
Day-1/  Day-2/ Day-2/ Day-3/ Day-4/ Day-5/ Day-9/ 190
T2 (6pm) (10am) (4pm) (2pm) (4pm) (6pm) (4pm) hours/
[10h] [16h] [6h] [22h] [26h] [26h] [94h] 7.92 days
Day-1/  Day-2/ Day-2/ Day-3/ Day-4/ Day-5/ Day-9/ 192
C (4pm) (10am) (6pm) (4pm) (4pm) (4pm) (4pm) hours/
[8h] [18h] [8h] [22h] [24h] [24h] [96h] 8.00 days
Day-1/  Day-2/ Day-2/ Day-3/ Day-4/ Day-5/ Day-9/ 192
2 T1 (4pm) (10am) (4pm) (4pm) (4pm) (4pm) (4pm) hours/
[8h] [18h] [6h] [24h] [24h] [24h] [96h] 8.00 days
™ Day-1/  Day-2/ Day-2/ Day-3/ Day-4/ Day-5/ Day-9/ 190
(6pm) (10am) (4pm) (2pm) (2pm) (2pm) (4pm) hours/
[10h] [16h] [6h] [22h] [24h] [24h] [98h] 7.92 days
Day-1/  Day-2/ Day-2/ Day-3/ Day-4/ Day-5/ Day-9/ 192
C (4pm) (10am) (6pm) (6pm) (4pm) (4pm) (4pm) hours/
[8h] [18h] [8h] [24h] [22h] [24h] [96h] 8.00 days
T1 Day-1/  Day-2/ Day-2/ Day-3/ Day-4/ Day-5/ Day-9/ 186
3 (4pm) (8am) (4pm) (4pm) (4pm) (4pm) (10am) hours/
[8h] [16h] [8h] [24h] [24h] [24h] [90h] 7.75 days
Day-1/  Day-2/ Day-2/ Day-3/ Day-4/ Day-5/ Day-9/ 194
T2 (2pm) (8am) (2pm) (2pm) (12pm) (12pm) (4pm) hours/
[6h] [18h] [6h] [24h] [22h] [24h] [100h] 8.08 days

Values in brackets ( ) and square parentheses [ ] indicate the time and duration in hours for the first observation of a
particular stage of development from the previous ones, respectively. Kruskal-Wallis H test does not reveal any statistical
significance (P > 0.05) in the initial oviposition and duration for completing life cycle for C. megacephala among the three

groups of carcasses.
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were of that suggested for cleaning animal enclo-
sures [18]. Since the abundance of putrefactive
bacteria on the vigorously decomposing rabbit
carcasses may be larger than that of animal enclo-
sures, the single application of low concentrations
of microbial inoculant performed here may not be
adequate to alter the dynamics of necrobiomes for
delaying the infestation by C. megacephala and C.
rufifacies. Considering that murderers may avoid
multiple entries to the crime scenes to minimize
the possible transfer of trace evidence, the propo-
sition of multiple applications of microbial inocu-
lant to confuse forensic entomologist may appear
unlikely. Therefore, the findings reported here in-
dicating similarity in oviposition by C. megaceph-
ala and C. rufifacies in all the control, T1 and T2
carcasses, despite the presence of two different

concentrations of microbial inoculant, prove as fo-
rensically relevant.

Results revealed that the earliest batch of 1st
instar larvae for C. megacephala was observed
during the first two visits on the second day of de-
composition (8-10 am) in all the control, T1 and
T2 carcasses, about 16—18 hours following the ob-
servations of eggs. Observation of the first batch
of 2nd instar larvae for C. megacephala in all the
groups of carcasses was recorded around 2—6 pm
later that day. While the first batch of 3rd instar
larvae for C. megacephala in all the groups of car-
casses was invariably observed on day-3 of de-
composition (by about 12—6 pm, i.e. 22—-24 hours
from the observation of 2nd instar larvae), the
same for prepupae was observed on day-4 (12-4
pm). The pupation period for C. megacephala in

Table 4. Day and time for the first observation of the different stages of life cycle for C. rufifacies in control,
treated 1 and treated 2 carcasses for all three replicate experiments.

g Day and time for the first observation of
S " . . Total du-
E‘ Group  Eggs ls t:: ZS te::_ 3s t;::_ Prepupae  Pupae Tenerals  ration
Day-2/ Day-2/ Day-3/  Day-4/ Day-5/ Day-6/ Day-10/ 198
Cc (10am) (6pm) (12pm) (10am) (6pm) (6pm) (4pm) hours/8.2
[26h] [8h] [18h] [22h] [32h] [24h] [94h] 5 days
Day-2/ Day-2/ Day-3/  Day-4/ Day-5/ Day-6/ Day-10/ 200
1 T1 (8am) (6pm) (12pm) (8am) (4pm) (4pm) (4pm) hours/
[24h] [10h] [18h] [20h] [32h] [24h] [96h] 8.33 days
Day-2/  Day-2/  Day-3/  Day-4/ Day-5/ Day-6/ Day-10/ 200
T2 (8am) (6pm) (2pm) (8am) (4pm) (4pm) (4pm) hours/
[24h] [10h] [20h] [18h] [32h] [24h] [96h] 8.33 days
Day-2/  Day-2/  Day-3/  Day-4/ Day-5/ Day-6/ Day-10/ 200
C (8am) (6pm) (4pm) (8am) (12pm) (4pm) (4pm) hours/
[24h] [10h] [22h] [16h] [28h] [28h] [96h] 8.33 days
Day-2/ Day-2/ Day-3/  Day-4/ Day-5/ Day-6/ Day-10/ 194
2 T1 (8am) (6pm) (4pm) (8am) (12pm) (12pm) (10am) hours/
[24h] [10h] [22h] [16h] [28h] [24h] [94h] 8.08 days
T Day-2/ Day-2/ Day-3/  Day-4/ Day-5/ Day-6/ Day-10/ 198
(10am) (6pm) (4pm) (8am) (12pm) (4pm) (4pm) hours/
[26h] [8h] [22h] [16h] [28h] [28h] [96h] 8.25 days
Day-2/  Day-2/  Day-3/  Day-4/ Day-5/ Day-6/ Day-10/ 200
C (8am) (6pm) (12pm) (8am) (12pm) (4pm) (4pm) hours/
[24h] [10h] [18h] [20h] [28h] [28h] [96h] 8.33 days
T1 Day-2/  Day-2/  Day-3/  Day-4/ Day-5/ Day-6/ Day-10/ 200
3 (8am) (6pm) (12pm) (8am) (4pm) (4pm) (4pm) hours/
[24h] [10h] [18h] [20h] [32h] [24h] [96h] 8.33 days
Day-2/  Day-2/  Day-3/  Day-4/ Day-5/ Day-6/ Day-10/ 198
T2 (10am) (6pm) (4pm) (12pm) (4pm) (4pm) (4pm) hours/
[26h] [8h] [22h] [20h] [28h] [24h] [96h] 8.25 days

Values in brackets ( ) and square parentheses [ ] indicate the time and duration in hours for the first observation of a
particular stage of development from the previous ones, respectively. Kruskal-Wallis H test does not reveal any statistical
significance (P > 0.05) in the initial oviposition and duration for completing life cycle for C. rufifacies among the three
groups of carcasses.

JTLS | Journal of Tropical Life Science 77 Volume 13 | Number 1 | January | 2023



NW Muda, et al., 2023 / Effect of microbial inoculant on Chrysomya megacephala (Fabricius) and Chrysomya rufifacies (Macquart)

Table 5. Comparison of the durations for initial oviposition and the onset of other stages of life cycle for C.
megacephala and C. rufifacies among the three groups of carcasses.

Groups / C. megacephala C. rufifacies
Stages C T1 T2 C T1 T2
Eggs 8 8 10 24 24 26
(8-8) (8-8) (6-10) (24-26) (24-24) (24-26)
1% instar 18 16 16 10 10 8
(16-18) (16-18) (16-18) (8-10) (10-10) (8-10)
ond instar 8 6 6 18 18 22
(8-8) (6-8) (6-6) (18-22) (18-22) (20-22)
3 instar 22 24 22 20 20 18
(22-24) (22-24) (22-24) (16-22) (16-20) (16-20)
Prepupae 24 24 24 28 32 28
(22-26) (24-28) (22-26) (28-32) (28-32) (28-32)
Pupae 24 24 24 28 24 24
(24-24) (24-24) (24-26) (24-28) (24-24) (24-28)
Tenerals 96 96 98 96 96 96
(96-96) (90-96) (94-100) (94-96) (94-96) (96-96)
Completion 192 192 190 200 200 198
(192-192) (186-192) (190-194) (198-200) (194-200) (198-200)

Data for the duration (hours) of the first observation of a particular stage of development are presented as median (range).
Kruskal-Wallis H test does not reveal any statistical significance (P > 0.05) in the initial oviposition and duration for complet-
ing the other stages of life cycle for C. megacephala and C. rufifacies among the three groups of carcasses

all the carcasses started on day-5 of decomposition
(12-6 pm), with the first emergence of tenerals ob-
served on the 9th day (10 am—4 pm), bringing the
total durations for completing the life cycles rang-
ing between 7.75-8.08 days (186—194 hours) (Ta-
ble 3). As for C. rufifacies, the earliest 1st, 2nd and
3rd instar larvae, as well as prepupae, pupae and
tenerals for the control carcasses, were observed
on day-2 (6 pm), day-3 (12—4 pm), day-4 (8-10
am), day-5 (12—6 pm), day-6 (4—-6 pm) and day-10
(4 pm), respectively. The same stages of develop
ment for C. rufifacies for the T1 and T2 carcasses
were observably occurring at similar time with
that of the control carcasses; the differences in du
rations of 2—4 hours were statistically insignificant
(Tables 4 and 5, Kruskall-Wallis H test: P > 0.05).
The total durations for completing the life cycle
for C. rufifacies in control, T1 and T2 carcasses
ranged between 8.25-8.33 days (198-200 hours),
8.08-8.33 days (194-200 hours) and 8.25-8.33
days (198-200 hours), respectively (Table 4).
While small variations in the durations taken
for completing the individual stages of the life cy-
cle for C. megacephala and C. rufifacies among
the control, T1 and T2 carcasses were observed,
such variations remained statistically insignificant
(Table 5, Kruskall-Wallis H test: P > 0.05). Not-
withstanding, the durations observed here were
consistent with the prevailing life cycle data for C.

megacephala and C. rufifacies reported in Malay-
sia [5, 6, 10, 24, 31]. Therefore, it appears that the
single application of diluted microbial inoculant
(EM.1) at 1:500 (T1) and 1:100 (T2) onto rabbit
carcasses may not significantly alter the duration
for completing the life cycle for C. megaceph-
ala and C. rufifacies. One possible explanation for
this phenomenon can be attributable to the acute
and limited amount of EM that may not be suffi-
cient to alter the abundance and dynamic structure
of necrobiomes on the decomposing carcasses. In
this context, previous studies [32, 33, 34, 35] on
the influence of bacterial isolates on larval devel-
opment reported that different species of fly larvae
reacted differently towards the different types of
bacteria. The fact that previous studies pertaining
to the contributions of microbes to larval nutrition
and development were limited to Drosophila sp.
and other non-necrophagous insects alone [29],
suitable comparisons with that of necrophagous
dipterans like C. megacephala and C. rufifacies
evaluated here could not be made. Therefore, in
vitro examination of the possible interactions be-
tween the individual species of bacteria with ovi-
position behavior and the life cycle of C. mega-
cephala and C. rufifacies should form an interest-
ing future study.
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Conclusion

The C. megacephala was the first necro-
phagous fly to oviposit in all carcasses, followed
by C. rufifacies. However, a single application of
microbial inoculant on T1 (1:500) and T2 (1:100)
carcasses did not statistically impede oviposition
by either species or their subsequent developmen-
tal patterns (P > 0.05). The duration of initial ovi-
position and life cycle completion for these two
species were concurrent with that reported by pre-
vious studies in Malaysia. The fact that this is the
first research that evaluated oviposition behavior
and completion of life cycle for C. megacephala
and C. rufifacies in the presence of microbial in-
oculant, the findings reported here provided em-
pirical evidence for estimating mPMI in Malaysia
when a single direct application of microbial inoc-
ulant was suspected.
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