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Abstract
Calliphoridae • ies (blow • ies) are the most useful insects for the investigation of victims' death date. In order to understand 

the distribution of active species of blow • ies in Taiwan, we collected forensically important blow • y samples from pig carrions 
during 2002 to 2006 in Northern and Southern Taiwan in different seasons. In this work, we proposed a simple key modi ed 
from that of Wallman and Chang used for identifying forensic blow • ies. Our results showed that the population of Chrysomya 
megacephala and Chrysomya rufifacies are the two most dominant flies in Taiwan. Among the two species, Chrysomya 
megacephala is more active than Chrysomya ru•facies in Northern Taiwan. However, Chrysomya ru•facies has dominance 
over Chrysomya megacephala in Southern area. During the cool seasons, Chrysomya pinguis is the prevailing species over the 
Chrysomya megacephala and Chrysomya ru•facies, suggesting that Chrysomya pinguis is an important blow • y for estimating 
PMI in the cool seasons. Lucilla and Hemipyrellia were much fewer than Chrysomya for a year round in Taiwan. And further, 
Lucilia porphyrina were only observed in Northern Taiwan in winter. These data would be bene cial for the PMI application in 
Taiwan.
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Introduction

By the analysis of the • ies found on a corpse and 
the record of the ambient temperature, investigators are 
able to estimate the date of death [1]. This estimation 
is based on the time taken for the insects developing on 
the corpse to reach the stage when the body is found. 
Calliphoridae flies are among the most useful insects 
for PMI investigation [2]. Although there were some 
entomological reports for forensic application in Taiwan 
[3,4], few basic data of PMI can be practically used, such 
as collecting succession pattern of the insects on corpses 
disposed in different seasons as well as in various ways 
of disposing. In order to understand the distribution of 
dominant species of blow • ies on corpses in Taiwan, we 
collected forensically important blow • y samples from 
Northern and Southern Taiwan in different seasons. 

The basic knowledge of active species and knowing 

how to identify the species are necessary for species 
distribution analysis. Therefore, it is important to 
establish a proper method to identify • y species. Several 
important keys for identifying blow • ies have ever been 
reported, for example, Wallman's key to the species of 
blow flies in Southern Australia [5], and Whitewoth's 
key for use in Northern American [6]. Nevertheless 
some species in Taiwan were not included in their keys. 
Although Chang reported a key for • y identi cation in 
Northern Taiwan, mostly were based on the morphology 
of male terminalia [7]. It's clear that a local identi cation 
key is needed for identifying the species of the blow 
• ies in Taiwan. In this work, a simple morphological key 
modi ed from that of Wallman and Chang was hereby 
proposed.

DNA sequencing of COI segment between 1784 and 
3014 bp [8] of the species were performed after species 
was identi ed by this key. The distribution data of blow 
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• ies were built after all the collected blow • y species had 
been clari ed. The population data of forensic blow • ies 
identi ed by this modi ed key were reported.

Materials and methods

Specimens

Forensic flies from pig carrions during 2002 to 

2006 in Northern and Southern Taiwan in different 

seasons were collected (Table 1). Totally eleven imitation 

experiments were performed by disposing pig corpses on 

different areas, four in Taipei county, six in Kaoshiang, 

and one in Cha-I. The adult flies were collected by an 

insect sweeping net and then were preserved in 75 % 

alcohol. The detail of collection area and seasons were 

listed as the Table 1. 

DNA extraction

Two samples from each species were selected for 

DNA sequencing analysis. Total genomic DNA was 

extracted from one leg of blow • ies. Each leg was ground 

into powder using disposable plastic pestles inside 1.5 ml 

microfuge tubes immersed in liquid nitrogen. DNA was 

extracted from leg powder by using QIAamp DNA kit 

(QIAGEN Inc, Valencia, CA, USA).

Ampli•cation and sequencing

The ex t rac ted DNA was used as templa te 
for PCR react ions. Region of f ly mi tochonr ia l 
c y t o c h r o m e o x i d a s e b s u b u n i t  I  g e n e(C O I) 
w a s a m p l i f i e d u s i n g p r i m e r s C1-J-1718  (5'-
GGAGGATTTGGAAATTGATTAGTTCC-3') and TL2-
N-3014 (5'-TCCAATGCACTAATCTGCCATATTA-3') 
[8]. Each 50 µl reaction consisted of 5 µl 10x PCR 
buffer (10 mM Tris-HCl, pH 8.3, 50 mM KCl, and 1.5 
mM MgCl2), 8 µl of 1.25 mM dNTP mix, 5 µl of 1.5  
µM forward and reverse primers, 2.5 U of Taq DNA 
polymerase, 10 ng of DNA and distilled water to a  nal 
volume of 50 µl. The PCR condition was as followed: 35 
cycles of 94ºC for 1 minute, 45ºC for 1 minute, and 72ºC 
for 1.5minutes.

Prior to the sequencing reaction, the PCR products 
were purified using a QIAquick® PCR Purification Kit 
(QIAGEN Inc, Valencia, CA, USA). Cycle sequencing 
was performed using 3.0 µl of ABI Prism Big Dye 
Terminator Cycle Sequencing Ready Reaction solution 
with AmpliTaq FS DNA polymerase (PE Applied 
Biosystems, Foster City CA, USA), 10 p mol of forward 
or reverse primer, 2.3 µl of purified PCR product and 
sterile distilled water to  nal volume of 10 µl for each 
sample. For cycle sequencing, a Perkin Elmer 9600 
thermal cycler was wsed under the following conditions: 

Table 1. Blow • ies collected from pig carrions during 2002 and 2006 in Taiwan.

C. ra•facies C. megacephala C. pinguis H. ligurriens L. cuprina L. porphyrina

Kaoshung 
(Feb, Mar)

182 94 0 18 0 0

Kaoshung 
(July)

30 23 0 0 0 0

Cha-Yi
(July)

59 126 0 0 0 0

Taipei
(March)

3 17 29 0 1 11

Taipei
(Sep, Oct)

52 197 0 1 0 0

Total 326 457 29 19 1 11
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25 cycles at 96 ºC for 30S, 50 ºC for 15S, and 60 ºC for 

4 minutes. After sequencing, each sample was added to a 

sephadex-G-50 column (spin 50-mini-column, BioMax 
Inc. Odenton, MD, USA) and centrifuged at 1500 G 
for 3 minutes. Each purified sample was recovered at 
the bottom of the collection tube and dried in a vacuum 
centrifuge. Automated DNA sequencing was performed 
on an ABI 3100 sequencer.

Results and discussion

A total of 843 samples were identi• ed to be blow 
flies (Table 1) according to the key described in �¨ A 
manual of forensic entomology�©[9]. The species 
identification of blow fly was according to our key 
mostly modified from Wallman's [5] and Chang's [7]. 
This key was further checked by the known species that 
were mostly provided by Shiao's (Lab of Entomology 
Department in National Taiwan University). In this 
modified key, three species, Chrysomya pinguis, 
Hemipyrellia ligurriens and Hemipyrellia pulchra 
were not described by the Wallman's. In addition, some 
specific morphology not reported by Wallman's was 
added to this key. The additional characteristics of 
morphology for identi• cation species that was different 
from Wallman's was marked by black bold letter. The 
key for the species identi• cation are as followed�j
1. -Base of stem-vein setulose dorsally (Chrysomya) 
 (Figure 1a) ..................................................................2
 -Base of stem-vein bare dorsally (Figure 1b) ............6
2. -Greater ampulla with hairs longer than height of 

ampulla�€ Figure 2a, 2b�•  .........................................3
 -Greater ampulla with only short dense pubsescence 

 .................................................... Chrysomya latifrons
3. -Anterior spiracles of thorax dark brown to blackish 

(Figure 3a) ..................................................................4
 -Anterior spiracles of thorax pale yellow, cream or 

white (Figure 3b) .......................................................5
4. -Supravibrissal and subvibrissal setulate mostly black; 

eye with ommatidia in upper two-thirds enlarged , 
and sharply demarcated from small ones in lower 
third (Figure 4a), Gena yellow with yellow hairs 
(Figure 5a); body shining green (Figure 6).................
............................................. Chrysomya megacephala

 -Supravibrissal and subvibrissal setulate mostly black; 
eye with ommatidia in upper two-thirds enlarged, and 
sharply demarcated from small ones in lower third 
(Figure 4b) -Gena gray to black with back hairs 

(• gure 5b) ; body shining purple to blue (Figure 6)..
.......................................................  Chrysomya pinguis

5. -Gena orange-brown to black with pale dusting and 
silvery hairs (Figure 7)  .............................................. ..
..................................... .............. Chrysomya ru•facies

6. -Lower calypter bare on upper surface (Figure 8) ..... .. 
 ....................................................................................7

7. -Katatergite with long, erect hairs (Hemipyrellia)  
(Figure 9a) ................................................................ 11

 -Katatergite pubscent (Lucilia) (Figure 9b) ...............8
8. -3 pairs of postsutural acrostichal setae (Figure 10a) ; 

basicosta yellow .........................................................9
 -2 pairs of postsutural acrostichal setae (Figure 10b); 

basicosta dark brown to black .................................. 10
9. -Frontoclypeal membrane dark brown to blackish; 

metasternal area bare (Figure 11a) ; outer surface of 
fore femora and proximal half of under surface of mid 
femora metallic green; central occipital area with 
single seta below inner vertical setae (Figure 11b) 
............................................................  Lucilia cuprina

 -Frontoclypeal membrane light brown; metasternal 
area hairy; outer surface of fore femora and proximal 
half of under surface of mid femora metallic blue to 
black; central occipital area with group of 2-5 setae 
below inner vertical seta�€ Withworth, 2006�• .........
...........................................................  Lucilia sericata

10. -Antennae and facial plate dark brown to blackish; 
anterior pair of poststural setae  inserted on or 
posterior to line joining second pair of postsutural 
dorsocentral setae ; tergites 3 and 4 with dark 
marginal bands posteriority (Figure 12a) .....................
........................................................  Lucilia papuensis

 -Antennae and facial plate orange to orange-brown; 
anterior pair of poststural setae inserted anterior to 
line joining second pair of postsutural dorsocentral 
setae ; tergites 3 and 4 no dark marginal bands 
posteriority (Figure 12b); body color purple to blue 

(Figure 13).....................................  Lucilia porphyrina

11. Antennae brown-gray, base of antenna orange.......
...............................................  Hemipyrellia ligurriens

 Antennae wholly orange.............................................
..................................................  Hemipyrellia pulchra

First step, we distinguished Chrysomya from Lucilia 

and Hemipyrellia by checking with or without setulose 
dorsally on the base of stem-vein (Figure 1a, 1b). In 
these collections three species of Chrysomya were found, 
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Fig.2a Greater ampulla with dark long hairs. Fig.2b Greater ampulla with light long hairs.

Fig.3a Anterior spiracles of thorax dark brown. Fig.3b Anterior spiracles of thorax pale yellow.

Fig.1a Base of stem-vein setulose dorsally; Fig.1b Base of stem-vein bare dorsally.
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Fig.4 Eye with ommatidia in upper two-thirds enlarged for Chrysomya megacephala (4a) and Chrysomya pinguis (4b)' 
but even distribution for that of Chrysomya ru•facies (4c).

(4a) (4b) (4c)

Fig.5a Gena yellow with yellow hairs for Chrysomya 
   megacephala.

Fig.5b Gena gray with black hairs for Chrysomya 
    pinguis.

Fig.6 Body color with green for Chrysomya megacephala 
(left) but blue-violet for Chrysomya pinguis (right).

Fig.7 Gena orange with silvery hair for Chrysomya 
ru•facies.
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Fig.8a Lower calypter black-brown, with hairs. Fig.8b Lower calypter light color, without hair.

Fig.9a Katatergite with long hair. Fig.9b Katatergite pubscent.

Fig.10a Three pairs of postsutural acrostichals. Fig.10b Two pairs of postsutural acrostichal setae.
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Fig.11a Metasternal area bare. Fig.11b Single seta below inner vertical setate.

Fig.12a Tergites 3 and 4 with dark marginal bands. Fig.12b Tergites 3 and 4 without marginal band.

Fig.13 Body color comparison, Hemipyrellia ligurriens 
(green, left) Lucila porphyrina (blue violet, right).

Fig.14 Body color comparison, Lucila porphyrina (blue 
violet, left), and L. cuprina (dark copper, right).
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Table 2. Similarity of COI sequences for six blow • y species in Taiwan.

Identi•ed species NCBI number (Source) sequence similarity

H. ligurriens AY842614 (AUS) 99% (635/641)

C.!ru facies AY092760 (Taiwan) 99% (1039/1042)

C. megacephala AF29551 (USA) 100% (788/788)

C. pinguis AY092759 (Taiwan) 99% (782/788)

L. porphyrina AY097336 (Taiwan) 99% (1104/1106)

L. cuprina DQ453495 (USA) 100% (1065/1065)

C. megacephala, C. pinguis, and C. ru•ffcies. However, 
Chrysomya megacephala and Chrysomya pinguis 

are difficult to distinguish due to their morphological 
similarity. Chang described the characteristics of male 
terminalia for differentiating one from another [7], 
but this method needs using strong base solution to 
clean male teriminalia before microscopy observation, 
manifesting a time-consuming process. We distinguished 
these two species mainly by its color of gena and hair. 
Chrysomya megacephala has yellow gena with yellow 
hair (Figure 5a) but Chrysomya pinguis has gray to 
black gena with black hairs (Figure 5b). They also can 
be differed by body color with green for Chrysomya 
megacephala but with blue-violet for Chrysomya 
pinguis (Figure 6). Chrysomya rufifacies is very 
different from two other Chrysomya flies. It could be 
differed from other two Chrysomya by its yellow, cream 
color of anterior spiracle of thorax (Figure 3a, 3b) and 
its gena orange-brown to black with pale dusting and 
silvery hairs (Figure 7) .The other difference is in the 
eye ommatidia of Chrysomya megacephala with upper 
two-thirds enlarged, and sharply demarcated from small 
ones in lower third (Figure 4a) but even distribution for 
that of Chrysomya ru•facies (Figure 4c). 

Two species of Lucilia fly were collected, with 
different obvious morphology. Lucilia cuprina was easy 
to be distinguished from Lucilia porphyrina by the body 
size, body color (Figure 14), number of postsutural 
acrostichal setae (Figure 10a, 10b), color of basicosta. 

Lucilia cuprina and Hemipyrellia ligurriens can be 
distinguished by the long hair present on the katatergite 
of Hemipyrellia ligurriens but pubscent present on 

the katatergite of Lucilia (Figure 9a, 9b). L. cuprina's 

antenna is longer than that of Hemipyrellia ligurriens. 

There are blue marginal bands on the tergite 3 and 4 of 

L. cuprina but not on that of Hemipyrellia ligurriens 

(Figure 12a, 12b). The body color is copper green for L. 
cuprina but is green for Hemipyrellia ligurriens. Base 

of stem-vein bare dorsally, lower calypter bare on upper 

surface, Katatergite pubscent, 2 pairs of postsutural 

acrostichal setae, tergite 3 and 4 without blue marginal 

bands, body color purple to blue are the characteristics 

of Lucilia porphyrina. To sure whether the additional 

characteristics of morphology are consistent between 

the collected samples with the same species, we 

have checked the characteristics not described in 

the Wallman's key. The results showed that these 

characteristics were concordant for all the collected 

samples of the same species. However, we noticed 

that pale dusting on gena of Chrysomya rufifacies 

was consistent only on fresh samples. The pale 

dusting sometimes lost from the alcohol-preservation 

processing for the gena of the Chrysomya rufifacies. 

On the other hand, silvery hairs can be observed on 

gena of Chrysomya ru•facies for both cases, revealing 

a consistent characteristic for identifying this species. 

The species of Lucilia sericata was not obtained in this 
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study, so the additional characteristics for identifying 

this species were cited from Withworth's key [6]. 

Mitochonrial COI DNA fragment of six species 
were amplified by PCR and then sequenced between 
1718 and 3014 bp. Two samples for each species were 
selected for DNA sequencing. The sequence similarity 
between these two samples for each species in our 
collected sample was 100 %. The COI sequence was also 
used to search for the known species in NCBI database 
to confirm species. The sequence similarity between 
collected samples with that of NCBI data base were more 
than 99%, as shown in Table 2. These results con rmed 
that our species identi cation results were same as that 
of DNA sequence analysis, so we concluded that our 
modified key can be used in the identification of blow 
• ies in Taiwan. The diversity of DNA sequence among 
the samples for the same • y species in Taiwan remains to 
be further studied.

The COI sequences of six blow fly populations 
found in Taiwan were aligned, and phylogenetic analysis 
was performed by using Neighbor-joining method. 
The result showed that phylogenetic relationships 
from molecular data highly agree with that from the 
morphological data. The intraspeci c variation is below 
1% and the interspecific variation is more than 3% 
[10]. The high similarity of the sequence between the 
Chrysomya megacephala and Chrysomya pinguis (97%) 
was also agreeing with the high morphology similarity. 
Furthermore, the lower similarity of DNA sequence 
between Chrysomya megacephala and C. rufifacies 
(92-93%) also showed the high difference in their 
morphology. Lucilia cuprina was easy to distinguish 
from Lucilla pophyrina by morphology, in agreement 
with the low DNA similarity (94%). 

The result showed that 457 samples were identi ed 
to be the Chrysomya megacephala, 326 to be the 
Chrysomya ru•facies, 29 to be the Chrysomya pinguis, 
19 to be the Heipyrellia ligurriens, 11 to be the Lucilia 
porphyrina, and 1 to be the Lucilicia cuprina (Table 
1). Apparently, the Chrysomya megacephala and the 
Chrysomya rufifacies are the most common species in 
Taiwan in different seasons. These two species were 
also the most common blow • ies found in Hawaii [11], 
Thailand [12], Malaysia [13] and Colombia [14]. The 
ratio of combining these two species to other blow • ies 
in Taiwan is close to that of Thailand but higher than 

that of Malaysia. Comparing the amount of these two 
blow • ies, the population of Chrysomya megacephala is 
lager than Chrysomya ru•facies in Northern Taiwan. On 
the contrary, the population of Chrysomya rufifacies is 
larger than that of Chrysomya megacephala in Southern 
area. On other hand, Chrysomya megacephala is more 
common than Chrysomya rufifacies in Hawaii [11], 
Thailand [12], and Malaysia [13]. The Chrysomya 
pinguis was only collected in Northern Taiwan in cool 
seasons. Although it is a common species observed 
around Asia, it is a rare species that observed on cadavers 
in Thailand, Malaysia and Colombia. Its population is 
larger than Chrysomya megacephala and Chrysomya 
ru•facies in the cool seasons. This result indicated that 
Chrysomya pinguis can become an important blow 
fly for estimating PMI in Taiwan in the cool seasons. 
Lucilia and Hemipyrellia were much fewer than that 
of Chrysomya. And Lucilia porphyrina were collected 
only in Northern part of Taiwan in winter. This result is 
similar in Thailand, Malaysia and Colombia [14]. 
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