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Preliminary assessment of
cephalopharyngeal skeleton length and
body length of Hemipyrellia ligurriens
(Wiedemann) (Diptera: Calliphoridae) larvae
as potential parameters to estimate
minimum post mortem interval
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Abstract

Entomological evidence can be utilized in forensic investigation to estimate the elapsed time after death or minimum
post mortem interval estimation (PMl;). This estimation is based on the age of dipterous specimens feeding on
decomposing human tissues, which commonly refers to their larval body length. The objective of this research was to
look for alternatives to larval body length which could be impaired by specimen handling and subsequently causing
inaccuracy in PMl,i, estimation. In this research, development of forensic blow fly, Hemipyrellia ligurriens (Wiedemann)
(Diptera: Calliphoridae), based on larval cephalopharyngeal skeleton length, was described for the first time.
Development of H. ligurriens was represented by body length and cephalopharyngeal skeleton consisting anterodorsal
process to dorsal cornu (ADP-DC), anterodorsal process to ventral cornu (ADP-VC) and dorsal cornu to ventral cornu
(DC-VQ). The cephalopharyngeal skeletons proportionally developed with larval body development, but periods of
plateau existed between 0 and 10 h and 24-30 h, suggesting ecdysis periods of larvae. Data measurements were more
consistent in cephalopharyngeal skeleton length than in larval body length, and there were strong positive significant
correlations, r>0.85 (p < 0.05). These findings warranted further investigations to examine cephalopharyngeal skeleton

as an alternative growth parameter to larval body length.
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Background

In forensic entomology, estimation of minimum post
mortem interval (PMI;,) in death investigations is de-
rived from the assessment of insects or arthropods that
can be found feeding on decomposing human tissues.
The evaluation of PMI;, commonly refers to the age of
the oldest dipterous larvae collected in forensic case
based on their growth parameters such as body length,
width (Day and Wallman 2006), weight (Wells and
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LaMotte 1995) and larval stage development (Amendt et
al. 2007). Since there is a gradual increase of larval
length with time, it has been widely employed as a refer-
ence value to estimate its age and PMI;, (Byrd and
Castner 2010).

However, there are various factors that can affect lar-
val length in PMI,,;, determination (Amendt et al.
2011). In forensic practice, it includes the method of kill-
ing and preserving the larvae that could cause a signifi-
cant underestimation in the age values of the larvae
(Tantawi and Greenberg 1993; Adams and Hall 2003),
and thus, resulting inaccuracies in PMI,;, calculations.
Moreover, handling of preservatives could also alter the
conditions of larval specimens, such as colour changes
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and degradation of specimens’ quality (Day and
Wallman 2008; Rosilawati et al. 2014). This also includes
storage periods in preservatives that affected larval body
length and weight (Midgley and Villet 2009; Richards et
al. 2013).

To obtain a more reliable growth parameter than lar-
val body length, cephalopharyngeal skeleton length was
proposed as an alternative growth parameter for PMI;,
estimation (Rabbani and Zuha 2017). By using trad-
itional morphometric analysis, measurements were ob-
tained from landmarks distances of cephalopharyngeal
skeletons. This technique is the basis to geometric mor-
phometrics which provides ideal tools in shape analysis
to discriminate insect species or sexual dimorphism
(Zelditch et al. 2012; Nuiiez-Rodriguez and Liria 2017).
Although there are various applications that can be
found in morphometric analysis regarding shapes and
growth of biological organisms (Bookstein 1982; Strauss
and Bookstein 1982; Marcus 1988; James Rohlf and
Marcus 1993), the methodology being used in this
present research was only limited to measuring distances
between landmarks (Daly 1985). Furthermore, informa-
tion regarding development of calliphorid larvae based
on cephalopharyngeal skeleton especially in forensic ap-
plication is scarce.

In the present study, growth data of Hemipyrellia
ligurriens (Wiedemann) (Diptera: Calliphoridae) were
explained based on its cephalopharyngeal skeleton
length by using a streamline morphometric analysis. It is
a forensically important blowfly species that predomin-
antly colonising corpses in Malaysia and Thailand (Lee
et al. 2004; Bunchu et al. 2012; Kumara et al. 2012).
Other than charting the cephalopharyngeal skeleton
growth, its correlation with the development of larval
body length was also determined to show its potential
alternative as growth parameter in PMI,;, estimation.

Materials and methods

Sample preparation

This research was conducted in two study replications
throughout period from 14 February 2017 to 22 March
2017. Approximately 300 g decomposed yellowstripe
scads (Selaroides leptolepis Cuvier) was used as baits and
oviposition medium for adult blow flies. They were
placed in a plastic container on the ground and left ex-
posed in outdoor environment adjacent to Forensic
Entomology Laboratory, Universiti Kebangsaan Malaysia,
Bangi (2.92°N, 101.78°E). Baits were left exposed for 3 h to
allow oviposition of blow flies and they were frequently
checked for any oviposition activity from a single female
blow fly. The number of larvae used in this experiment
was based on the total number of eggs obtained from a
single female blow fly which consists of 87 (study replica-
tion 1) and 71 eggs (study replication 2), respectively.
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The first blow fly egg batch was transferred into a
rearing container by using feather forceps. Rearing con-
tainer consists of 250 ml plastic container with 50 g
fresh cow’s liver as food source for the larvae. Liver was
placed on 3 cm layer sawdust and separated by a piece
of tissue paper. Eggs were reared at room temperature
(23-27 °C, 69-94%RH) overnight. Next day, at 0830 h,
newly emerged first instar larvae were transferred evenly
into five freshly prepared rearing containers. Larval sam-
pling was conducted twice a day at 0900 h and 1500 h.
During each sampling occasion, three larvae were se-
lected randomly from each container and killed using
near-boiling water (=80 °C) (Adams and Hall 2003).

Measurement

Larval body length was measured in lateral position
from the tip of the mouth hook to the posterior spiracle
by using Nikon SMZ745T stereomicroscope fitted with
Dino-Lite® camera and Dino Capture 2.0° Software.

We obtained cephalopharyngeal skeletons based on
guidelines by Rabbani and Zuha (2017). Segment 1-5 of
the larvae were cut and soaked in 10% potassium hy-
droxide (KOH) for 5 min. Dissected segments were care-
fully washed in 10% KOH to avoid damaging the
cephalopharyngeal skeleton structures, and later
immersed in 10% acetic acid for 30 s, followed by
immersion in 70% ethanol for 3 min. Then, cephalophar-
yngeal skeleton was mounted on a glass slide in lateral
position by using Euparal, and covered with 7 mm
rounded cover slip. Cephalopharyngeal skeleton was
subsequently measured by using streamline measure-
ment landmarks, i.e., anterodorsal process (clipeal arc)
(ADP) to dorsal cornu (DC), ADP to ventral cornu (VC)
and DC to VC (Fig. 1) (Nateeworanart et al. 2010;
Nunez and Liria 2016; Rabbani and Zuha 2017).

Fig. 1 Developmental landmarks of H. ligurriens based on
cephalopharyngeal skeleton length (ADP-DC Anterodorsal
process-dorsal cornua, ADP-VC: Anterodorsal process-ventral
cornua, DC-VC Dorsal cornua-ventral cornua) (Bar=0.5 mm)
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Sampling and measurement protocols were repeated
in the next sampling and stopped when the larvae
reached post feeding stage. Descriptive analysis was car-
ried out to obtain the mean value of the length and
within-group sample variance while Spearman’s rho cor-
relation test was used to determine correlation between
body length and cephalopharyngeal skeleton (ADP-DC,
ADP-VC, DC-VCQC). The statistical tests were performed
by using SPSS Ver. 22.0.

Species identification

Species identifications were conducted on the third in-
star larvae of the sample and adults that emerged from
the remaining larvae colony based on local Calliphoridae
identification keys (Kurahashi et al. 1997; Greenberg and
Kunich 2002). It was found that all specimens used in
this study were H. ligurriens.

Results and discussion

The development from first instar until peak feeding third
instar larvae of H. ligurriens took approximately 54 h in
both replications (Fig. 2). Growth patterns based on mean
lengths were observed more gradually increased in body
lengths compared to mean cephalopharyngeal skeleton
lengths. Development of cephalopharyngeal skeletons also
exhibited periods of plateau between 0 and 10 h and
24-30 h (ADP-DC & ADP-VC) in study replication 1. In
study replication 2, similar patterns were observed in both
body lengths and cephalopharyngeal skeleton lengths dur-
ing the first 10 h, but cephalopharyngeal skeleton lengths
reached their plateau stage at 30 h of development.
Opverall, the growth pattern of cephalopharnygeal skeleton
was coherent with body larval body length in study repli-
cation 1, contrasting the pattern in study replication 2
where the growth of cephalopharyngeal skeleton drastic-
ally increased from 24 to 30 h.

The periods of plateau documented in cephalopharyn-
geal skeletons were possibly existed because of transi-
tional phase during ecdysis, i.e., from first to second
instar and from second to third instar. In morphometric
studies of larval development, deviations from linear
growth suggested instar periods for many species includ-
ing dipterous larvae (Lawrence 1979; Daly 1985). When
compared with data from Bunchu et al. (2012), the plea-
teau periods of cephalopharyngeal skeleton in study rep-
lication 1 could be roughly superimposed on the growth
curve of H. ligurriens larval stage. This evaluation, how-
ever, could be affected by variations of techniques
employed in both studies such as rearing temperatures,
sample volumes and larval food types. To overcome this
issue in future research, it is important to conduct a
proper documentation during larval ecdysis by associat-
ing the cephalopharyngeal skeleton length with larval in-
stars based on qualitative assessment such as the
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number of slits in the posterior spiracles (de Carvalho
Queiroz et al. 1997; Thyssen and Linhares 2007).

In this present study, larval body length and cephalo-
pharyngeal skeleton length of H. ligurriens were further
explored by using traditional morphometrics and
descriptive analysis (Table 1). Consistencies of measure-
ment values based on body length and cephalopharny-
geal skeleton length were represented by within-group
sample variance (s?). In both study replications, vari-
ances of ADP-DC, ADP-VC and DC-VC were smaller
than variances of body length, indicating that measure-
ments of individual values in cephalopharyngeal skeleton
were more consistent than body length. This proved the
underlying issues when using larval body length as
growth parameter in PMI;, estimation, that the scler-
ites of cephalopharyngeal skeleton were more rigid than
larval soft bodies which vulnerable to physical distor-
tions. Therefore, in this study, ADP-DC, ADP-VC and
DC-VC were chosen as the suitable landmarks to repre-
sent the cephalopharyngeal skeleton. Previous study in-
cluded mouth hooks of the cephalopharyngeal skeleton
as landmark for measurements, but there were possible
drawbacks because they were easily affected by move-
ment during cleaning process, especially in the first and
second instar larvae (Rabbani and Zuha 2017). As ob-
served in other calliphorids such as Chrysomya albiceps
(Wiedemann) (de Carvalho Queiroz 1997) and Hypopy-
giopsis fumipennis (Walker) (Heo et al. 2015), different
position and shape of mouth hook during different larval
instars could also affect the length between landmarks.

In subsequent analysis, correlations between body
length and cephalopharyngeal skeleton length of larvae
were determined to establish their associations. Since
data were not normally distributed, Spearman’s rho cor-
relation tests were carried out on body length and
cephalopharyngeal skeleton. Results indicate strong sig-
nificant and positive correlations between body lengths
and cephalopharyngeal skeleton lengths which were rep-
resented by ADP-DC, ADP-VC and DC-VC for H. ligur-
riens with correlation coeffiecients, 7, ranged 0.85-0.97
(p <0.05) (Table 2). The findings suggested that cephalo-
pharyngeal skeleton allometry can be used as a growth
parameter to describe H. ligurriens development.
Allometric growth patterns in dipterous larvae have
been recorded in few developmental studies by
highlighting the measurements of cephalopharyngeal
skeleton segments, but they were not extended to foren-
sic application (Lawrence 1979; Petitt 1990). Other than
being useful in species identification and distinguishing
cryptic species (Canal et al. 2015), cephalopharyngeal
skeleton of dipterous larvae has been used to describe
the growth patterns (Rabbani and Zuha 2017; Simon et
al. 2011), but the information is still scarce. It is possible,
from the present findings, allometric growth of
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Fig. 2 Developmental rate of larval body length and cephalopharyngeal skeleton (ADP-DC Anterodorsal process-dorsal cornua, ADP-VC Anterodorsal

process-ventral cornua, DC-VC Dorsal cornua-ventral cornua) of H. ligurriens in the first and second study replication
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Table 2 Non-parametric correlation analysis using Spearman'’s
rho () correlation coefficient and p value of relationships
between cephalopharyngeal skeleton and body length of H.
ligurriens in the first and second replication

Replication Growth Parameters BL ADP-DC  ADP-VC DC-VC
Tst BL r=0921 r=0914 r=08%
p<005 p<005 p<005
ADP-DC r=0921 r=0961 r=0904
p <0.05 p<005 p<005
ADP-VC r=0914 r=0961 r=0.901
p<005 p<005 p <005
DC-VC r=0894 r=0904 r=0901
p<005 p<005 p<005
2nd BL r=0853 r=0852 r=0855
p<005 p<005 p<005
ADP-DC r=0.853 r=0.968 r=0.909
p <005 p<005 p<005
ADP-VC r=0852 r=0.968 r=0.898
p<005 p<005 p <0.05
DCVC r=0855 r=0909 r=0.898
p<005 p<005 p<005

forensically important larvae could be explored further
on its patterns and developmental model.

Conclusions

These findings demonstrated cephalopharyngeal skeleton
as a potential reference to calculate PMI,,;, because it pro-
portionally developed with body length. Furthermore, in-
formation gathered from this analysis could provide
baseline for allometric study or multivariate measurement
of size of forensic blow fly larvae as explained in Dyar’s
rule on the growth of immature arthropods (Klingenberg
and Zimmermann 1992; Hutchinson et al. 1997). In foren-
sic practice, cephalopharyngeal skeleton growth data
could be so useful if the larval body length could not be
obtained due to improper handling of specimens intended
for PMl,,;, analysis. Therefore, developmental relation-
ships between cephalopharyngeal skeleton and body
length certainly merit further investigation.

Abbreviations
ADP: Anterodorsal process; DC: Dorsal cornu; KOH: Potassium hydroxide;
PMlmin: Minimum post mortem interval; VC: Ventral cornu
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