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Abstract

Calliphoridaes ies (blowe ies) are the most useful insects for the investigation of victims' death date. In order to understand
the distribution of active species of blewes in Taiwan, we collected forensically important bloyvsamples from pig carrions
during 2002 to 2006 in Northern and Southern Taiwan in different seasons. In this work, we proposed a simple kely modi
from that of Wallman and Chang used for identifying forensic bl@s. Our results showed that the populatio€bfysomya
megacephalaand Chrysomya rufifaciegare the two most dominant flies in Taiwan. Among the two gseChrysomya
megacephalds more active thafhrysomya rusfaciesn Northern Taiwan. HoweveGhrysomya rusfacieshas dominance
over Chrysomya megacephaia Southern area. During the cool seas@igysomya pinguiss the prevailing species over the
Chrysomya megacephaémdChrysomya rusfaciessuggesting thathrysomya pinguigs an important blowy for estimating
PMI in the cool seasonkucilla andHemipyrelliawere much fewer tha@hrysomyafor a year round in Taiwan. And further,
Lucilia porphyrinawere only observed in Northern Taiwan in winter. These data would bedinfer the PMI application in
Taiwan.
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Introduction how to identify the species are necessary for species
distribution analysis. Therefore, it is importamt t
By the analysis of theies found on a corpse and  ggiapjish a proper method to identify species. Several
the record of the ambient temperature, investigators armportant keys for identifying blowies have ever been
able to estimate the date of death [1]. This estimationreported’ for example, Wallman's key to the species of
is based on the time taken for the insects developing ory|ow flies in Southern Australia [5], and Whitewoth's
the corpse to reach the stage when the body is foundyey for use in Northern American [6]. Nevertheless
Calliphoridae flies are among the most useful insectssome species in Taiwan were not included in their keys.
for PMI investigation [2]. Although there were some Although Chang reported a key fey identi cation in
entomological reports for forensic application in Taiwan Northern Taiwan, mostly were based on the morphology
[3.4], few basic data of PMI can be practically used, suchof male terminalia [7]. It's clear that a local idectition
as collecting succession pattern of the insects on corpsegey is needed for identifying the species of the blow
disposed in different seasons as well as in various ways jes in Taiwan. In this work, a simple morphological key
of disposing. In order to understand the distribution of modi ed from that of Wallman and Chang was hereby
dominant species of blowies on corpses in Taiwan, we proposed.
collected forensically important blowy samples from DNA sequencing of COl segment between 1784 and
Northern and Southern Taiwan in different seasons. 3014 bp [8] of the species were performed after species
The basic knowledge of active species and knowingwas identi ed by this key. The distribution data of blow
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« ies were built after all the collected blew species had ~ Ampliecation and sequencing

been claried. The population data of forensic bleves The extracted DNA was used as template
identi ed by this modied key were reported. for PCR reactions. Region of fly mitochonrial
cytochrome oxidase b subunit | gene(COl)

Materials and methods was amplified using primers C1-J-1718 (5'-

GGAGGATTTGGAAATTGATTAGTTCC-3') and TL2-
N-3014 (5-TCCAATGCACTAATCTGCCATATTA-3)

Forensic flies from pig carrions during 2002 to [8]. Each 50 pl reaction consisted of 5 pul 10x PCR
2006 in Northern and Southern Taiwan in different pyffer (10 mM Tris-HCI, pH 8.3, 50 mM KCI, and 1.5
seasons were collected (Table 1). Totally elevetation mM MgCly), 8 ul of 1.25 mM dNTP mix, 5 ul of 1.5
experiments were performed by disposing pig corpses oruM forward and reverse primers, 2.5 U Biq DNA
different areas, four in Taipei county, six in Kaoshiang, polymerase, 10 ng of DNA and distilled water toral
and one in Cha-l. The adult flies were collected by anVvolume of 50 pl. The PCR condition was as followed: 35
insect sweeping net and then were preserved in 75 ogycles of 94°C for 1 minute, 45°C for 1 minute, and 72°C
alcohol. The detail of collection area and seasons werd©r 1.5minutes.

Specimens

listed as the Table 1 Prior to the sequencing reaction, the PCR products
were purified using a QIAquiékPCR Purification Kit
DNA extraction (QIAGEN Inc, Valencia, CA, USA). Cycle sequencing

was performed using 3.0 pl of ABI Prism Big Dye

Two samples from each species were selected fo ) . . .
Terminator Cycle Sequencing Ready Reaction solution

DNA sequencing analysis. Total genomic DNA was

df I ¢ blovies. Eachil q with AmpliTaqg FS DNA polymerase (PE Applied
fextracte rom .one .eg orbigres- .ac €9 W.as 9“’”” Biosystems, Foster City CA, USA), 10 p mol of forward
into powder using disposable plastic pestles inside 1.5 ml

or reverse primer, 2.3 pl of purified PCR product and
sterile distilled water to nal volume of 10 pl for each
extracted from leg powder by using QIAamp DNA kit sample. For cycle sequencing, a Perkin Elmer 9600

(QIAGEN Inc, Valencia, CA, USA). thermal cycler was wsed under the following conditions:

microfuge tubes immersed in liquid nitrogen. DNA was

Table 1. Blow e ies collected from pig carrions during 2002 and@b0Taiwan.

C.rasfacies C. megacephala C. pinguis H. ligurriens L. cuprina L. porphyrina

(*;ae?)srugg 182 94 0 18 0 0
Kaoshung 30 23 0 0 0 0
(July)
%my\)(l 59 126 0 0 0 0
(I\Tﬁf;i) 3 17 29 0 1 11
(ng’gct) 52 197 0 1 0 0

Total 326 457 29 19 1 11
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25 cycles at 96 °C for 30S, 50 °C for 15S, and 60 °C for  (» gure 5b); body shining purple to blue(Figure 6)..
4 minutes. After sequencing, each sample was added t0 &  ...ooooeeeiieiiiiic Chrysomya pinguis
sephadex-G-50 column (spin 50-mini-column, BioMax 5. -Gena orange-brown to black with pale dustind an
Inc. Odenton, MD, USA) and centrifuged at 1500 G silvery hairs (FIgure 7) ......ocooeeviiiseeeenee s eeeessieee o

for 3 minutes. Each purified sample was recovered at  ...cccooeeveevieiiicicicin Chrysomya rusfacies
the bottom of the collection tube and dried in a vacuum 6. -Lower calypter bare on upper surface (Figure.8)
centrifuge. Automated DNA sequencing was performed oo 7
on an ABI 3100 sequencer. 7. -Katatergite with long, erect hairsl€mipyrellig
(FIQUIE 98) ....coiiiiieiiiiieeiic e et 11
Results and discussion -Katatergite pubscentcilia) (Figure 9by............... 8
8. -3 pairs of postsutural acrostichal setae (Eidwa) ;

A total of 843 samples were idengid to be blow

flies (Table 1) according to the key described il basin)sta ye”OW .................... ..................... ........ 9
manual of forensic entomolog®[9]. The species -2 pairs of postsutural acrostichal setae (Figire);
basicosta dark brown to blacK..............cceeeeenn.. 10

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 specie§hrysomya pinguis, single seta below inner vertical setaéFigure 11b)
Hemipyrellia ligurriens and Hemipyrellia pulchra e, Lucilia cuprina
were not described by the Wallman's. In addition, some -Frontoclypeal membrane light brown; metasternal
specific morphology not reported by Wallman's was area hairy; outer surface of fore femora and prakim
added to this key. The additional characteristics of  half of under surface of mid femora metallic bloe t
morphology for identication species that was different black;central occipital area with group of 2-5 setae
from Wallman's was marked by black bold letter. The below inner vertical seta€ Withworth, 2006 .........

key for the species idemtiation are as followed s s Lucilia sericata -
1. -Base of stem-vein setulose dorsafBhtysomy3 10. -Antennae and facial plate dark brown to blsieki

9. -Frontoclypeal membrane dark brown to blackish;
metasternal area bare (Figure 11a) ; outer sudhce
fore femora and proximal half of under surface @ m
femora metallic greemgentral occipital area with

(FIQUIE 18)..c.eieeiiieieieeieeie e 2 anterior pair of poststural setae inserted on or
-Base of stem-vein bare dorsally (Figure 1b).....6 posterior to line joining second pair of postsutura

2. -Greater ampulla with hairs longer than height o dorsocentral setae ; tergites 3 and 4 with dark
ampulla€ Figure 2a, 2B .....co.ooooveeeeeieeeeeeeeeeeean. 3 marginal bands posteriority (Figure 12a) ..............
-Greater ampulla with only Short densSe PUDSESCENCE  wwrwwrwrrrrmrmrsimsssmsinisissis e Lucilia papuensis
................................................ Chrysomya latifrons -Antennae and facial plate orange to orange-brown;

3. -Anterior spiracles of thorax dark brown to liab anterior pair of poststural setae inserted antddor
(FIQUIE BA) ..o 4 line joining second pair of postsutural dorsocentra
-Anterior spiracles of thorax pale yellow, cream o setae ; tergites 3 and 4 no dark marginal bands
White (Figure 3D) .....c.eeeeeeeeeeeeeeeeeeemeeeeeee e, 5 posteriority (Figure 12bjyody color purple to blue

4. -Supravibrissal and subvibrissal setulate mds#gk; (Figure 13).....ccceeeenineeieieeeenns l.ucilia porphyrina
eye with ommatidia in upper two-thirds enlarged , 11. Antennae brown-gray, base of antenna orange....
and sharply demarcated from small ONes in [OWEr e, Hemipyrellia ligurriens
third (Figure 4a)Gena yellow with yellow hairs Antennae wholly orange............ccocceeveveieeresieennennn,
(Figure 5a)pody shining green(Figure B).........cc.....  srerrmesm Hemipyrellia pulchra
. GHIFYSOMYya megacephala
-Supravibrissal and subvibrissal setulate mostgk First step, we distinguishéghrysomyarom Lucilia

eye with ommatidia in upper two-thirds en|argedj an and Hemipyrellia by Checking with or without setulose
sharply demarcated from small ones in lower third dorsally on the base of stem-vein (Figure 1a, 1b). In
(Figure 4b) Gena gray to black with back hairs these collections three speciesatirysomyawere found,
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Fig.3aAnterior spiracles of thorax dark brown. Fig.3b Anterior spiracles of thorax pale yellow.
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Fig.4 Eye with ommatidia in upper two-thirds enlarged @hrysomya megacephaf{da) andChrysomya pinguig4b)’
but even distribution for that &@hrysomya rusfacie¢4c).

Fig.5a Gena yellow with yellow hairs fo€hrysomya  Fig.5b Gena gray with black hairs fa€hrysomya
megacephala pinguis

Fig.6 Body color with green fo€hrysomya megacephala Fig.7 Gena orange with silvery hair f@hrysomya
(left) but blue-violet forcChrysomya pinguis (right). ruefacies.
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Fig.8aLower calypter black-brown, with hairs. Fig.8b Lower calypter light color, without hair.

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

Fig.10aThree pairs of postsutural acrostichals. Fig.10b Two pairs of postsutural acrostichal setae.















