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1. Introduction

Carrion blowflies are the first fauna to reach the deceased
bodies of animals or humans [1,2]. While the first generation of fly
larvae is still on or around the corpse, the precise time that their
eggs were laid can be estimated, according to the specific species
[3]. If the earliest egg-laying time can be determined, then the
minimum postmortem interval (PMImin) may be inferred, and
therefore this is forensically important. To evaluate the PMImin,
forensic entomologists often collect samples from multiple species
of blowflies to generate a better estimate. The local distribution,
reproductive behavior, and development of each blowfly species
differs. Therefore, for each a previously compiled reference is

required, consisting of a careful characterization of the factors that
influence the time of egg laying and subsequent development.
Such references usually contain graphs of developmental curves
according to temperature and time.

Many species of blowflies can potentially be involved in the
decomposition of a corpse [4]. The blowfly Hemipyrellia ligurriens

(Wiedemann) (Diptera: Calliphoridae) accounted for 3.4% of 58
insect samples from 50 cases of crime scene investigation in
Malaysia [5], and 1.3% of 2115 blowflies collected from northern
Thailand [6]. H. ligurriens is distributed mainly in Asia, Australia,
and the Palaearctic [7]. It is quite fecund, with a relatively short
adult lifespan [8]. The morphological features of H. ligurriens at all
stages and the developmental time of each stage under natural
ambient conditions (26.7 � 0.6 8C) are well established [7,9,10].
H. ligurriens has also been identified in Southern China [11].

Estimates of the postmortem interval, based on the known
characteristics of the infesting fauna at constant temperatures, are
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A B S T R A C T

Blowflies (Calliphoridae) are recognized as a powerful tool for estimating the minimum postmortem

interval (PMImin). The times for blowflies to develop from oviposition to eclosion is mainly controlled by

temperature, which can differ between even closely related species. Hemipyrellia ligurriens (Wiedemann)

(Diptera: Calliphoridae) is a blowfly distributed throughout Asia and Australia. However, a systematic

determination of the developmental times of H. ligurriens under constant temperature, necessary for

estimating the PMImin, is lacking. Such an examination would broaden the forensic importance of the

species. Thus, this study explored the growth curves of larval H. ligurriens at 7 constant temperatures (16,

19, 22, 25, 28, 31, and 34 8C). Isomegalen and isomorphen diagrams were successfully constructed,

depicting the time of larval length or developmental event, respectively, at different temperatures. A

thermal summation model was also constructed via regression analysis, by estimating the

developmental threshold temperature t and thermal summation constant K. The thermal summation

model indicated that t at 8.3 8C and K at 5747.5 degree-hours (8C h) are required for complete

development from oviposition to eclosion, and suggested an optimum temperature range of 16–28 8C for

the development of H. ligurriens. These data establish for the first time the temperature-dependent

developmental time of H. ligurriens for forensic entomology application. The 3 developmental models are

provided.
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complicated by the fluctuating temperatures of natural conditions.
Thus, an average temperature for the individual case is helpful.
However, a more precise estimate is possible by accessing
isomegalen or isomorphen diagrams, constructed for the specific
species, which incorporate the interacting influences of tempera-
ture and time [12]. Yet, the construction of both diagrams requires
basic data obtained under controlled conditions, by monitoring the
insects’ development at constant temperatures. Insect samples
(i.e., length of larvae and pre-adult life cycle stage) subsequently
collected from a corpse for forensic purposes can be compared to
these diagrams to estimate the PMImin.

Developmental data collected at constant temperatures can
also be applied toward a linearized formula, based on the law of
total effective temperature [13]. The formula can be used to
estimate more precisely the developmental threshold temperature
and thermal summation constant for each developmental stage of,
for example in this study, H. ligurriens. To forensically characterize
local H. ligurriens and provide a model for precise estimation of the
PMImin based on H. ligurriens infestation, we monitored its
developmental rate under laboratory-controlled conditions at 7
constant temperatures (16 to 34 8C) that are typical of the range of
local ambient temperatures.

2. Materials and methods

2.1. H. ligurriens colony

The colony of H. ligurriens used in this experiment was obtained
originally from a live area in Chongqing, China (288950N, 1068930E).
Adults were identified using the morphological characters previ-
ously described [9]. About 500 flies were maintained in a rearing
cage (100 cm � 100 cm � 100 cm) in the laboratory at 25 � 3 8C
with a 12-h light/12-h dark photoperiod. Flies were supplied with food
consisting of water, sugar, and milk powder. Fresh pork blood was
added to the food at day 3 after eclosion, to promote the development of
the ovaries of female adults. Flies were cultured for 4 generations to
obtain a purebred colony for the subsequent experiments.

2.2. Egg period under 7 constant temperatures

Flies were allowed to oviposit on pork liver in the rearing cages.
Eggs were collected within 30 min from the first observation of
oviposition. Thirty eggs were collected and placed in a single layer
on �100 g lean pork in a culture plate. Ten culture plates were
prepared for each temperature regime. The plates were then placed
in an artificial climate chamber (RXZ-430C, Jiangnan Instrument,
Ningbo, China) with temperatures of 16, 19, 22, 25, 28, 31, or 34 8C,
and relative humidity of 70%. The temperature regimes were
designed to cover the range that is likely experienced by larvae in
their distribution area. A 12-h light/12-h dark photoperiod was
provided during the incubation. The culture plates were checked at
intervals of 30 min to score the hatching of eggs. The hatching time
(duration of the egg stage) of H. ligurriens at different temperatures
was recorded.

2.3. Developmental times of different life cycle indices under 7

constant temperatures

Flies were allowed to oviposit on pork liver. Eggs were collected
within 30 min of the first observed oviposition. Clumps of
approximately 100 eggs were separated and placed onto 100 g of
lean pork in a 500-mL beaker. The clump size was determined in the
pilot study. One hundred larvae on 100 g of lean pork did not
significantly raise the maggot mass temperature above ambient,
whereas more than 200 larvae produced an apparent increase in
maggot mass temperature of >1 8C above the ambient temperature,

especially the third instar larvae. The increased maggot mass
temperature can facilitate the growth of larvae [14–16]. Ten
replicates of egg clumps per temperature regime were prepared.
The beakers were placed respectively in rearing boxes
(40 cm � 20 cm � 15 cm). The bottom of the rearing boxes was
covered with a 2-cm layer of sand to provide larvae a favorable
environment for pupation. Adequate ventilation was insured
through the mesh window in the transparent lid. All the rearing
boxes were kept in an artificial climate chamber (RXZ-430C,
Jiangnan Instrument, Ningbo, China) with temperature regimes at
16, 19, 22, 25, 28, 31, or 34 8C and relative humidity 70% under a 12-h
light/12-h dark photoperiod.

The larvae were sampled in accordance with the recommended
temporal sampling interval, with a relative error of about 10%
[17,18]. This was about every 2 to 6 h until first ecdysis, every 4 to 8 h
until second ecdysis, every 8 to 12 h until wandering, and every 12 to
24 h until pupation. At least 20 larvae were sampled at each
sampling occasion for every temperature regime. To avoid distur-
bance, the sampling time in each group was limited to 15 min. The
samples of larvae were washed in distilled water quickly and
immersed in boiled water for 30 s in accordance with a previous
protocol [19]. The larval length was measured using a light
microscope equipped with a digital camera (Leica M165C, LAS
Version 3.8.0, Leica Microsystems, Switzerland). Developmental
events were identified and the duration of each event was recorded.
The rest of the larvae in the rearing boxes were allowed pupation and
eclosion, and the time for pupation and eclosion were recorded. The
time from egg hatching to the moment of measuring larval length
was recorded. The egg-hatching time was excluded from the
measurement, to avoid the uncertainty of precocious eggs in
mothers’ oviducts [20,21]. The time to the developmental event
under consideration (first ecdysis, second ecdysis, wandering,
pupation, or eclosion) is the time interval from egg hatching to
the onset of the event.

2.4. Estimation of developmental threshold temperature and thermal

summation constant

The common method to calculate PMImin is the thermal
summation model. This model assumes a linear correlation
between developmental rate and temperature [4,22]. A more
reliable estimation of parameters has been proposed [13],
expressed as the linear regression line:

DT ¼ tD þ K;

Fig. 1. The egg-hatching time of H. ligurriens at different temperatures. The egg-

hatching time (x-axis) versus temperatures (y-axis) were plotted. Error bar

represents standard deviation.
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