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Progressin research on the estimating time of
death based on insect evidence
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Abstract Estimating of time of death is the first problem to be solved in forensic entomology. The development and faunal
succession of insects on cadavers has certain rules, which can be used to estimate the time of death. This paper reviews the
collection and identification of insects commonly used to estimate the time of death, progress in research on insect
development and succession, factors affecting the estimation of time of death and challenges in forensic entomology. In
addition, future prospects for progressing the application of forensic entomology in China are presented.

Key words forensic entomology; postmortem interval; sarcosaphagous insects; insect faunal succession; developmental model
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interval, PMI ), JEJLEEAWFST %0 R 82 — Hiﬁj% ( Goff, 2000; HH#E, 2000 ). [ HiFHE
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RIE e SRR SAR A, AT 2RI 7 ik e ot
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W, FIHHA KO S MU A T LT 1]
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R Wk 48545 (Mona et al., 2019), 2020 4F 5 A
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JEHERE W7 1 L RS e B UK R IR
FEXF I [k 2 B A e 9 555 0 I ) 9k
AT T T o

1 BRIEENRSESLE

1.1 EBHRIFERKE

FEFRE , FET- I 1) B AT 38 5 A L
K TRI ot A B Bl B A TR AE TR IR R L2
TAEE FEAER SN th A FAH A5 T AR
R EES S5 AT 70 B U
K2 H 7, IF HAEIR ERAR B AuE s bR
PE ke R R B N H (Bf a5, 2016 ),
ALl A G AE WA B X LA TR 4 1T, DA T ™
2 B R E A R . 7 E MR — i 2 4]
A1, Matuszewski Al Anna (2019 ) Ho#8 T $ L5
T B A N SRR R B R AR UE R R
UEHE AR 22 57, DL 9T R HUIE SR s 1)
HERRPEXT PMI HEBTHERAPE RS20 . 45 R Bos,
FHPE BRI G S A 1) B AR AR Y I s = 224

P, FET AR X 5 R AR T B[] B Ak 2= /A A
AYHES ] ( Minimum postmortem interval, PMImin )
AR AF DG T T o TS s o3 Ay B R R AR T B
HUEHEBR T ReHEWT S AR T ], I REHET
B A E 2R L KL T8 A ( Maximum
PMI ). HMEAT UL, SRR AR Y B dik 4 e 5
ITERARAE BN, S5 (2016 ) 2FE XTI
AT TERVY, DAL B B A 2 7 1 bR v
KFETF o

K1 RIELN T R R e R, F5
TR TF AT W o B i AR R I g 2R
DL RAEAERRAE o S8 AR L B R S e
%, HFM R RS T AR A E B, (HFEI
LA — /N5 1Y B ORI 2 A5 I o TR R R
M2 G B R TR VR R Y B R Ak
TR R B B AR T, RME7E SR =0
& G0 T 358 F ) P Fh o i A 3 A, (BAE IR
AT ST B X L o A BT R 2 Ay 00 1 B IR
P, LR T REZ i R HUEYE , FRAA
T AL ( Bajerlein etal., 2018 ),

*1 RTAGERIEEWRERES
Tablel Guidelinesfor collecting insect evidence at the scene of death

JHARES

B B 3iFYE Insect evidence

State of a cadaver

PGS Type of evidence

JEHEV B Position of evidence

FHXS B i WA BRI S
Relatively fresh Eggs and larvae of flies
AR (MHKSE ) WS4y BRI

Signs of putrefaction (bloating, etc.)
FRB B WO (gl e, 7R3 )

Signs of active decay (massive
insect larvae, stench of decay, etc.)

Larvae and pupae of flies

larvae of beetles

R (kR R
BE)

Signs of advanced decay (exposed
bones, skin blackening, etc.)

larvae of beetles

RIUEIE W AT JAR B B e AT i sy
Massive putrefaction or All types of insect evidence
mummification

WA RIS, PP OIS  HURIA) H

Larvae and pupae of flies, adult and

BISA) ORI, P R R A4S

Larvae and pupae of flies, adult and

AL (JEHIERER ), i
Natural orifices (particularly of the head), wounds

HOAALET, B, S sy Ak

Natural orifices, wounds, interface cadaver/ground

W, ARA AR, AL ER)E T+
SR

Larval masses, clothes and cadaver surface, the
soil or the floor in the vicinity of a cadaver

A RE, FARSRI, AR AR E AR
KRB A FIFE IR

Larval masses, cadaver surface, the soil or the
floor in the vicinity of a cadaver, pockets and
creases of clothes

LT, i, AMRF MR, AR T
HIR)Z T bR

Natural orifices, wounds, clothes and cadaver
surface, the soil or the floor in the vicinity of a
cadaver
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12 BHIEENYMEE

FEWCAR B HUIE R )5 7 22X B R Rl otk T
YooE, RS B IR IR S, A BEAR R L R
Bk B AW FE TR, =i B HUEdE 19
55— W E R ) —2 (Harvey et al.,
2008 ), JLT4FER, B ARG FRIE i &
HEAT T W MRS (FEF6, 1952; Juik
. 1957a, 1957b; Hiz %, 1958; BEJI Ry, 1976;
KA, 1982; kAT AIXIAKF-, 1985; % ik
F1 Halstead, 1989; FRfftl:, 2004; W =0E5%,
2006; Xue et al., 2011), TijERaRt (2013)
TECEERN B X BRI AT TR, 03 T
SO U SEATE S RRAE | A3 B A R B L
KR, SAEESE (2009 ) %4 DL H g P v
HHUEAT T, AT T ok S Y e AR - 9 3
BREr, MR R RMIEEEEST T —&
LR

FESEAT B B AP S e B, 1 B R R S
R I R IR A 2R RIS A T 2 B iR
Ay, PR R REAS TR T RENH, —
BRI R PR SR 0 SR ( 54k,
2011 ), (HiZEEER I N 28 T RER
B A 28R, IF HAE S P A — SRS
PITETE , Ay Se i 25 () 4y iU 2255 2 s R P AL s
A ReE A SRS TR (RS, 2021 ),
ST B v R ) HE AR P DL R A v A Y
Sperling %% (1994 ) 54T EW2EHARGIA
FE P ERRSE A E S E T, GRS T DNA JF4
SIRTITIE AR . LR L E, DNA
WP EAZ W A 13248 T b, FRE ML R &
2ER O HA w2 E R R R T T —
FOWESE, HrpaiGuaeRl . FRbaEL . KRk
Fl—Su i 5 R e B ) 2 (A R 20 JfL A%
DNA FRic %5 225581 Z 50 (BRERSE, 2009;
Guoetal., 2010, 2011a, 2012, 2014; Liuetal.,
2011; Suetal., 2013; Mengetal., 2017; il
4%, 2017; Chenetal., 2018; Ren, 2018; &
HEAF, 2020 ), WIHEAZEE (2020 ) XFFRE MR EA
B UL IE UM 2 SR Y S0 R IR ARAR CO T Je
16STDNA X 2 FJk[H F Bt )7 51 ¥ RE i S A [

e )5 Ry RS 1 i S o FEIEA T T2 B
TEE, A DNA HBOIEAS RE VR K B
HEYIRN, 2 Beg Gt A e s LT S T S Y
G5 BR TR B S N B AT A Ah, —
5 A\ bi( Shang et al.,2019; Zhang et al.,2019¢ )
2P =N AR ES R T N S A B A X N
Zhang % (2019¢ ) X} Chrysomya nigripes ( X#
Hunmg Bl ) #4177 g R IER My, 4585
TNIZ R RS SR AL TINAT B0 A5 Bk S i
Tl 5 A R0 Y X 9
bR T Bk, R AN R IR R

= ALE&%) ( Cuticular hydrocarbons, CHCs )
REAS T T B U 7 250 . 7R 20 HH4g 70 4E4X
Ve A MR HRIE (Jackson and Baker, 1970;
Tartivita and Jackson, 1970), WiJ5 Carlson %
(1978 ) J Carlson F Service (1979 ) %} CHCs
(Y2 B B ) 22 S 04T TR AT, HOE R S -
g TR RS 222 Je i . FEL R R R
SR, Byrne 4§ (1995) it sy K ik & Ak
W, KokA 3 AHPEFEE AR EE Phormia
regina (Meigen)[X 43k, HtiE CHCs 764
U AR 1 B A A% T EA W AE R AL Ye
2% (2007 ) XFE EFTAN#E Aldrichina grahami .
Kk4: Chrysomya megacephala M 22 (&3
Lucilia sericata % 6 Ffiig 7' 1 9 6 5¢ oh i 26
B EALE AT T 00T, TR X 6 Fh s i
X4rFFK . Moore 55 (2014 ) R AR AT
BT BTk v 22 62 . 213k i Calliphora
vicina 1 R #E Calliphora vomitoria %) 1 #44))
W R R EACE AT T 500, 458 BoRAN
YFhZ MAAAE B 22 5 HEB FH FIX 70, S TR
Bk E AL G Wi B Ak 2R o3 22 U B Uy
K —NEZEHB T, Ak R Rk &
PRI N (FRERE S, 2019 ),

2 BHMIMERE

X AR K R E R B 5T RE A T 4R T
JURBIFET-BTE], A3 ERX IS4 T 20 i
40 90 4FAC (L E 4, 1998 ), HhlE R g R A
Wi U IR AR TR A K R B IR D e [E]
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X —Hsf (8] 5 ELSE AU T A (B AH L2 E— 26 W]
Ve BET-0F1E] (Jens et al., 2007 ). HiFHELA
Bl 5 BB IR TR (R AR, B AR B B
2ER TN Gl O PR E B4 L ( Amendt
et al., 2011 ), {EHEWrZh RARRRE;, TR H
CL T4l R AR T T KA ST (%2 ).
HZ485 (2007 ) 5, Wagh AR S %2
NAHEERZW, I HE R e 3 s e sk 2
AARFREWGER, 559 5 EEERKR LR MY R
AHIRE . PRI 17 SCBLEE N vEmf iY B HL 4
Wt , 25485 (2007 ) X 226k B4l OB SRR ( 4n
2y a0 Sk WA BB R R S ST AE ) AR HE T T A
5%, KIR H S MR T A B A5 K B B 4 LR
AR (10 235 K R0 €5, 55 B ) ) 1 AR AR A —
AR [RIRERY, X TSR (2009) P58 R BLZ2E
SRR A RS SRR B W B R A
BPOGEEIX 3 WHshr 2 HEWr 4 H 8RR )
febr, E¥E (2008 ) W K HAL Z I R i
Parasarcophaga crassipalpis ‘& Y F X5 6%
Ko ALTRI AR 2 4 B H 8 i BRAR 0 W R A o LY
U, AT HERHERT R B Ry, REREE T
XF B U KB A RRIE 55 i A8 A0 SR R 5%
PIRA T fi 25 Tl B U & B A

TEER, TEARR AR EE op B Ak
KRB WOAFAEZES, FILEEE R i B T A
[F) dth DX B L ) B IR LA TR SY , FEHEWTSE T A
(i) B0, 75 MM e 345 1 B R B B A T 4
Wi (Jens etal., 2007; Richards, 2008; Owings,
2014 ), T RI(EAE [ — 41X, FEAR R 1 SC 50 414
FHERAE 775 TS8R & B Bt A R, X2
R B U kB 252 B 2R R W RE I, AR SCHY
555 FRAXFILIEAT T RGNS o 15X BEF I S 1
o, RIS R R B E B OCE LR,
R AR, HAK KT FE 2R

(Guo et al., 2010), HILAEMFFE 2L F R
A, o s B ML A XU B R A T A 1
S,

Matuszewski (2021 ) Xt 5y Bl Py g )~ 4
RH kTN R T TIA9, $5 R
22 GER AN LT L I A WA A 2R E
e, (A —Lew AR IRRy 2R
AFFREFE (GnSCit2xi Lucilia caesar I i
/% H Necrobia violacea ) sifff o570 ( Unfig &
I Searibia nigriceps. #ff/'ZEH Necrodes
littoralis, %8 ff1#% 2 ! Omosita colon FIk & ZBA
H Necrobia rufipes), 3 2 940 73R EELER R

®2 REEFEERRNSHRATRE

Table2 Distribution and development temperature of sarcophagousinsectsin China

H A HIX BE (°C) SR
Order Species Regions Temperatures (°C) References
BHH R R WiVLAL M Hangzhou, Zhejiang 16, 20, 24, 28, 32 TIT I, 1999
Diptera ﬁ;ﬁ;‘;?ﬁgm "% M Guangzhou, Guangdong 15, 20, 25, 30, 35 TEMFTESE, 2010
VLI Suzhou, Jiangsu 16, 19, 22, 25, 28, 31, 34 Wang et al., 2017c
HIFg K ¥> Changsha, Hunan 15, 25, 35 Shang et al., 2020
SELRIR 1L FR I Suzhou, Jiangsu 15, 20, 25, 30, 35 Wang et al., 2016
Luciliaillustris 373835 1| Suzhou, Jiangsu 20, 25, 30 Wang et al., 2018
e FG T WiVTA M Hangzhou, Zhejiang 12, 15, 18, 21, 24, 27, 30 H R, 1998
gCra;Hg:]?ra WHT KM Hangzhou, Zhejiang 12, 16, 20, 24, 28 TITIE, 1999

W4t K JE Shijiazhuang, Hebei 16, 20, 24, 28, 32

YL IR Suzhou, Jiangsu
W RGP Changsha, Hunan
RGP Changsha, Hunan

BAAE, 2010
16, 19, 22, 25, Wang et al., 2018¢

15, 22, 27

28, 31, 34
Liuetal., 2021

{EYE Constant temperature (8, 12, Chenetal., 2019
16 ), ZF{E Fluctuating temperature
(6-12, 10-16, 14-20)
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4% 2 ( Table 2 continued )

H i HIX B (°C) ZFCHR
Order Species Regions Temperatures (°C) References
YEE  Rkam WiVTA M Hangzhou, Zhejiang 18, 21, 24, 27, 30, 33 LEB%, 1998
Diptera  Chrysomya ST b . .
megacephala WL Hangzhou, Zhejiang 16, 20, 24, 28, 32 FyTIE, 1999
WL % JE Shijiazhuang, Hebei 16, 20, 24, 28, 32 BESE, 2010
i JX Chongqing 16, 19, 22, 25, 28, 31, 34 Yang et al., 2016
TLIR757 M Suzhou, Jiangsu 16, 19, 22, 25, 28, 31, 34 Zhang et al., 2018
Y R HIFE K ¥ Changsha, Hunan 16, 19, 22, 25, 28, 31, 34 Zhang et al., 2020
Sarcophaga dux
88 I 2 H X Chongqing 16, 19, 22, 25, 28, 31, 34 Yang et al., 2015
Hemipyrellia
ligurriens
7V JRR i VLI Suzhou, Jiangsu 16, 19, 22, 25, 28, 31, 34 Yang et al., 2017
Parasarcophaga
similis
AEAK 4 s VL7753 Suzhou, Jiangsu 16, 19, 22, 25, 28, 31, 34 Zhang et al., 2019b
Chrysomya
pinguis
kR 4t J#J N Guangzhou, Guangdong 20, 24, 28, 32 Maetal., 2015
ﬁj}[fyj;fga VL35I Suzhou, Jiangsu 16, 19, 22, 25, 28, 31, 34  Huetal., 2019
A R 2 0 iLTFILFH Shenyang, Liaoning 15, 18, 21, 24, 27, 30, 33, 36 Fengetal., 2021
Dohrniphora
cornuta
Stk oK TZR) M Guangzhou, Guangdong 20, 24, 28, 32 Lietal., 2016a
Hermetia
illucens
JEIA R YL 75 Suzhou, Jiangsu 16, 19, 22, 25, 28, 31, 34 Wang et al., 2021
Hydrotaea
spinigera
Hi 2R i JAL A % F Shijiazhuang, Hebei 16, 20, 24, 28, 32 FERAFE, 2008
Lucilia cuprina
2255 WM Hangzhou, Zhejiang 18, 21, 24, 27, 30, 33 HEALE, 1998
Lucilia sericata  weo ol Hangzhou, Zhejiang 16, 20, 24, 28, 32 Wang, 1999
WAt KFE Shijiazhuang, Hebei 16, 20, 24, 28, 32 246, 2007
VL7 Suzhou, Jiangsu 16, 19, 22, 25, 28, 31, 34 Wang et al., 2020a
Chrysomya J"Z)7 M Guangzhou, Guangdong 20, 24, 28, 32 Lietal., 2016b
nigripes
W AE S 2 iL P FH Shenyang, Liaoning 18, 21, 24, 27, 30, 33, 36 Feng and Liu, 2014
Megaselia
scalaris
IR 5 2 0 iLFILFH Shenyang, Liaoning 21, 24, 27, 30, 33, 36 Feng and Liu, 2013
Megaselia ST .
spiracularis VL5753 Suzhou, Jiangsu 16, 19, 22, 25, 28, 31, 34 Wang et al., 2020d
E WiILHT M Hangzhou, Zhejiang 16, 20, 24, 28 Wang, 1999
Musca domestica s Suzhou, Jiangsu 16, 19, 22, 25, 28, 31, 34  Wangetal., 2018b
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4%k 2 ( Table 2 continued )

H i X H\EE (°C) S350k
Order Species Regions Temperatures (°C) References
IR I i YL 75 Suzhou, Jiangsu 16, 19, 22, 25, 28, 31, 34 Wang et al., 2019b
Muscina
stabulans
RE S5V JoR B WiVTA M Hangzhou, Zhejiang 18, 21, 24, 27, 30, 33 HEBAE, 1998
Parasarcophaga ... .
crassipalpis MJbA1 2 Shijiazhuang, Hebei 16, 20, 24, 28, 32 Wang et al., 2008
W@E  RESEm VL7 Suzhou, Jiangsu 20, 25, 30 Wang et al., 2017d
Coleoptera Creophilus
maxillosus
TRJEFRA VLI Suzhou, Jiangsu 22, 25, 28, 31, 34, 36 Huetal., 2020b
Necrobia rufipes
HAgREY L5 M Suzhou, Jiangsu 16, 19, 22, 25, 28, 31 Wang et al., 2020c¢

Omosita colon

JEHME  INMREHSE A /Mg Y1595 Suzhou, Jiangsu
Hymenop Nasonia
tera vitripennis

16, 19, 22, 25, 28, 31, 34 Zhang et al., 2019a

FRAARIZTURAIPTFE IR o 2 2 BRI SCRikA]
L, TR YRR R, R RTEAR
o DX LA KA [ Il BE 2% T T 1 S, 4531
Wl Z A 22 52

3 ERMERRE

NG 20 28 1 0T 2 DR T8 e 240 o 1 4 P i
R, X RO AR AT [
JE WL o B ) A 7 A B AR 2R AR B R — 2 1Y
225, PR R P AR 0 B SR AR 25 Bl o 1)
[ HERS e A= AB A ( Bdi R SLAE, 2016 ), XA
B AU Sk o B UV 80 ( Faunal succession
of insects ), Mg/ PRI AIHEVR BB MAE 2R
foe . BB ARSI AN () 55 2 HIR R 5
me (- RRAE, 2010), (H2Y 3SR IREE AR AR X
FaE I, 78 ] — A5 25 M B PS5 P 2 o 0 A 2 A
e Hoal o iy (20He5s, 2017 ), Heinfedk
IR T 2R IXC, 25 7 A4 T i ST s T e sy
L N R T Gk R U L QR .
Bl HRZE R RN IT 0 B, BB I
I PR T 11 AT FBOE R S R L, T 24 P AR v
JE WP Ak ) R LT B A, Bz LA 2 R R
HHE IR0 (MBS a5, 2021 ),

DO R =N e 20 ) NI A TN 0 W N

i W ash A8 DA K B A AR 9 R R A DL LA
JRH . B, XSRS A iR AR
()4 B HL, BRAUAS[RI Y o 1 B R A A2 A
BRI EE 370, X Ry ik B B B2 0 i — 20 0 5
STTHERE L AR (2017 ) FESRMIIT R EIRTSE
KISk 40 | 226 ak b A AR B 4 I B SE 35k
AR, 453 Ophyra leucostoma 222141 ]
DR B — 2 | Bt S P L R R,
7R B 0 K B AR DR AR . TS
(2008 ) BFFE R BAE) AR ILibIX, Kk 4
HERR S R AE R 1 JEE R B B, BB I
Hh 0 U] 320 7 SR A SR T LA g R R R e
T b BT B R B A X 22 5, e HOHE R
HOUEHE 7 AR R 24 %) S B 15 D0 A T
FLyk, i B O AR A W5 R SE T [ 1)
HEWTHR AL T AH CEE , JUH AR TR A K
JA MBETE A A — A DL i, TGk i b e
A R DR AE T s ], {H s ] £ BY
g 7P B R S TR AR A T ( B A,
2015), QXFFARTIGHEI A, BRI C 4580
TR R A & T, R LS e A
SRAHEWTFE T E], 10 e A AT R AR (MR A
Dermestes maculatus Degeer ) 254 W A25i A1)
B AT I AR T A TR R, DU B Sy MR A
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HEWT R FET-ASE] ( Wang et al., 2019a ), 7EHEAT
R GER), 75 B I 10 5 B L) S BT
] ( Pre-appearance interval, PAI) EIMFET- &4
) E R BAE AR L T 4 0ok 1 N ) A AE I ]
PN N SR Y R NI = B B2 VS Y S Sl 2B u N o]0
[d] ( Presence interval, PI ). E:HLAYH RTINS
ZF) ZFh R R s, o fe 325050 R 3R 2
PR I B A5, PR bt ok N 3 > i AR A
RS LB THEWT . 40 Matuszewski 1 Madra-
Bielewicz (2016 ) #:37. T — A4 B AR A 4
Wit 7 FEH . KBad# . Creophilus maxillosus
FR LB HUAE R I IR R, 25 R Ws iz 07 4t
FATEIR PAL HLSGHT S S 2 H Y PAT
MR . AH BRI 5 B R RS AT o2k
R, JfFHXFF—SeHm AR R (iR )

7 FH Ui 50408 Mk LAHEISE PAT ( Archer, 2014

Matuszewski et al., 2014 ), ZFEXFIEN T, Bk
B 2 GRS AR (et AR S
) B ORI R T R E IS, LU AERR
IS8 . BT R BWALERT] P, JoHZ
B PT, H PAT A A 2RI A 15 5%, X PI

A TR0 T I 3 B 22 AN MERF I o B R AESERT R
() A TE B[] B A 8 2 25 AH G 5% v A 21 i 2504
( Matuszewski, 2021 ), [EHNFME#E CaE s L5
135 T LR LR PAT AN PI & , (HaxX Se 844
G, FEAIE = NI 5 AR B 2 a0 e .
wJa, M (—BOR RS ) JF
Je 1) B R % R S 00 BE 8 AR B R Y AH O
B, AT RAE PMI W 7 B 00 o o 1
( Vanlaerhoven, 2008 ), 7EX§ B HUP 64740
ARG UERIFFERT , (o S AR R S B R i A
( Matuszewski et al., 2020 ), HIREZ ) LLGEE
EYEESPNS-SI g N o EN =i 1P0 )7 REP & 7 Ry % NI W 22
v A R A 0 B T R R 2R AR S
RN Z— HECF )& B H g a5
B CE 2 E ST, SC s s
FMEIEEN . MV, Matuszewski 25
(2020 ) XA T T IA40 o TR E O HE A G
WA 20 X5, ok A 13 81 17 ANkiT( £
3 )o B RN [A] b DX (1) A 5 A= WA O S AP e —
FEMIZE S, A B TR 1 AN [R] 1 DX ST AH LY Y
B ORI T R R

®3 REXTFAERMERFEEENHARER

Table3 Research progresson body decomposition and insect succession in China

HbIX. SLHFLRE /A5 EARLES 275 3CHik
Regions Experimental materials ~ Season/Month Insect species References
Jent NEF K 3-8 A March to #§# [ . 38 fl JRILT7E5E 1997
Beijing Human corpse August Coleoptera: 38 species
At NN E 3-11 A March to XGHH: 14 Fh W EBEE, 1998
Beijing Human viscera November Diptera: 14 species
i IRAR IR A Pork meat IEESy] XCEMH . 1250, ¥#E. 16 F; #ZE, 1997

Hangzhou, Zhejiang

All seasons

JBE#ME . 2 Fh
Diptera: 12 species; Coleoptera: 16
species; Hymenoptera: 2 species

IR VLIE R %A Pork meat H.2. XOHH: 8Fh; B H: 195 ZF¥4E, 2002
Heilongjaing, Harbin Spring, summer, Diptera: 8 species; Coleoptera: 19

autumn species
LAYPREAH i f Rabbit 5-11 7. 394  XGHH: 5F FEMESE, 2003
Chengdu, Sichuan May to November, Diptera: 5 species

March to September
JAR I ¥ Pig Fk % Autumn and 38 FltEL i WRoiIE, 2006
Zhongshan, Guangdong winter Total: 38 species
PR ST I A A O EN ] 7-10 H MEEH: 10 Fh W RIEE 2006

Hohhot, Inner Mongolia Rabbit, dog

July to October

Diptera: 10 species
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4% 3 ( Table 3 continued )

11X SCHR R BN IOEE Ly EALER U EZPUN
Regions Experimental materials Season/Month Insect species References
] ZR¥k =8 Pearl River ¥4 Pig R cEa PE#H: 175, ¥#E. 16F; Wang e al.,
Delta, Guangdong All seasons Hift: 9 A 2008

Diptera: 17 species; Coleoptera: 16
species; Other: 9 species

Il 4 Rabbit 4. H Springand XGHH: 10F0; $#E: 78  REMSE, 2008
Guangzhou, Guangdong summer Diptera: 10 species; Coleoptera: 7

species
TTRG =1 ]k 4.7 Rabbit 7-10 A July to 13 FhEH #2009
Sanmenxia, Henan October Total: 13 species
S 5 PN SIRE TN CEERT] XEHAH: 117 PrrfL4E, 2009
Guiyang, Guizhou Human corpse All seasons Diptera: 11 species
% P VG 2 4 F Rabbit % Spring BEEE: 10 B B 4 F; FHER%, 2010
Xi'an, Shanxi Hifth . 2 Ff

Diptera: 10 species; Coleoptera: 4
species; Other: 2 species

I % Rabbit 5 Summer 49 filt B L Shietal., 2009
Guangzhou, Guangdong Total: 49 species

W i A % T Rabbit 7-9 A July to 26 FE S FEA24F, 2011
Yongzhou, Hunan September Total: 26 species

ISl ¥ Pig X Summer 19 FhEL FHIRE)SE, 2014
Shenzhen, Guangdong Total: 19 species

INEHS % Pig A 2= XCHH . 23 Fh FAEEAE, 2014
Qingdao, Shandong All seasons Diptera: 23 species

HK 1 Pig e 94 i Fd, 2015
Chongging All seasons Total: 94 species

TLIR M ¥ Pig 5 . Bk Summer XGHH: 16 Fp; ##MH. 12F; #HAZE, 2017
Suzhou, Jiangsu and autumn HAth. 5580

Diptera: 16 species; Coleoptera: 12
species; Other: 5 species

MEEH & "F. R 7-8 H XYEHE: 7H K5, 2017
Xinxiang, Henan Rabbit, rat July to August Diptera: 7 species

I ¥ Pig B Summer XEMH: 16 f; ¥ H. 8 F; Wang et al.,
Guangzhou, Guangdong JEHH : 6 Fl 2017b

Diptera: 16 species; Coleoptera: 8
species; Hymenoptera: 6 species

T REI AR, ¥, F 812 A August to 42 FPE L Wang et al.,
Shenzhen, Guangdong Human corpse, pig, December Total: 42 species 2017a
rabbit
4 Eﬂﬁﬁgﬁﬁm%’ﬂﬂ % Matuszewski and Szafatowicz, 2013 ), K ILIEM
JH 8 T AR 4 BT 98 1 ) e S iR 2
4.1 BREFH H PMI W i R PEAEAR ORE R b IO il

B 53 R R S T e R TFEERHER T BTN B — Rl B R AT
%YM % ( Michaud and Moreau, 2009; B G b B A R R BRI , TRt 25
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P B A7 00 12 1) SE PR IR 1 TR K (Archer, 2004
Hofer etal., 2017, 2020; Johnsonetal., 2012;
Lutz and Amend, 2020), #4835 XF 33 R 2 Z 4
M) 22 P4 8] 13 73 87 ( Charabidze and Hedouin,
2019 ), HBIRIXFTT % H AT H# > (Lutz and
Amend, 2020), {HA AJ5ERSEE KRR, 4
HOE R BT AF A SE T B i BN
( Archer, 2004 ; Hofer et al., 2020 ; Johnson et al .,
2012; Lutz and Amend, 2020). 53 A B E1E
Z ISR B0 BE SR R34 T T WF5E, Dadour
5 (2011) BFXMERE G T I & T —1
fAI PR “HRE” BAL, Moreau %% (2021) 5T
T BRIECAEA TARAR | S RO RS A P R R
JERE , AL TS R A A, Michalski I
Nadolski (2018 ) WgdE 7 HLE | [RIE 540 4 5
PA] 25 [] A 1 3 B2 8 O 5 22 b A 4 ol ) A
PR AT T R X S5 s T AR
JARBT AL FREE 1) LR B A5, BAA EEAE
AFFEEE, PR LR S A S R 2y
A, —J7H, AFEBIESTR R Anf & A
JiANTE . BT RE A TE S IR R . B T
J5 AR Bl e - rh SRR [R] A7 1 X267 5 1Y)
T EE 5 I 2 SO Z A — e 1 22 57 (B
=4, 2016), Ji—Jrii, RMKE AT
TRLRE I8 2532 B B e 7 PR I sl - P4 1 1A
RN 2B RGO IL, XK
A5 50 4 HUR B I ] o i 4l R AR AR R Y
FERI A E A9 8] 2 5% ( Turner and Howard,
1992; Slone and Gruner, 2007 ; Charabidze et al.,
2011; Riversetal., 2011; Heatonetal., 2014;
Johnson and Wallman, 2014; Kotzé etal., 2016;
Aubernon et al., 2016, 2019; Gruner et al., 2017;
Podhorna et al., 2018 ), HxiT Matuszewski #l
Madra-Bielewicz (2021 ) iti 1 # M) ZEH (3E
AR B HAg S, I H A IR 5T Y st P
TEJ R R A 43140 . Johnson 45 (2014 ) X AN
Wi 4y 2T Jr 1 52 6 K L AT AR A TR AR A
Hh R f e TR o B IE B MG, BFSE
TEAEWTZE T I ] i AR AT BB 23 (s AR OC S 56 vh A%

BN A B R R A N R] SR 4 A
FEAEEE R RN, SRR A B
BUAFAE—E 225 . Heaton 55 (2018 ) AUBFSY
Bl R, 4 TR SR AR R B SR NS 2 [R) AN T
¥gl, HAESMNEETTRIN 16%3] 68% (-1
43% ) AN, I, RERT s R EIRES)
R E I D ) HSSRE , 2h Uk & R A A
5 5 HAMEE R E & (Johnson et al., 2014;
Aubernon et al., 2016; Gruszka et al., 2020 ).
Bl 1 87" T Gruszka 55 (2020 ) 765250 R BN
B ZE F R [R) i S0 40 S AR ke I Ak L
PIBERENG O A T SR M T R HL A U,
it — 25 BB 57 75 B Aol FH R A B AR ok W i 2R AR 1A
O] &)y HOERAS A A 25 T R B IS, LIRS
RS R B R LA AR B R B O

4
Q HL1
g 3 mi2
iR OoL3
£
Hy 2
-§(.D
g 1
Z,
0

21 22 23 24 25 26 27 28 29 30 31 32 33
JB#E (°C) Temperatures (°C)

1 HFPPHRLHBRAE 2040 CREHE LN
7% ( Gruszkaetal., 2020)
Fig. 1 Distribution of individual Necrodes littoralis
larvae in a thermal gradient of 20-40 °C

( Gruszkaet al., 2020)
L1: 1#%hd; L2 28 4hd; L3 3#4hh,

L1: 1st instar larvae; L2: 2nd instar larvae;
L3: 3rd instar larvae.

ST Z, FEHEWT AR BE T B (] B 55 2245
AR Bk BT 28 D3 ) SE Bl B 2 A, X 4552 %)
ZERUBRTE TS AW IS A= R U STk e A Uil S b
FyILRISZ MR, AT AT e HbekE i 26 [ 22 R % kit
%, I HAESEA T B0 it A s A A 8 L B AS Rl 4oz
WS, A ek R H S A%
Wk . B A Y R IT T A e S,
Charabidze 1 Hedouin (2019 ) 3 i X 52 e 15
1) R R R AT e HE T A AL AT, R T
— PR R TR A o RS X AR ME T
R G 0 O VR A e e BRI G A
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% 52 24k T RURR A TR AT, ELIX O DL SE IR AR F
FEHAL T —E B LR

42 5 (8) WHRIE

FEFRE , P E R i B A B oE BT
B (25) Y EHEREF RN, KEifrk
B, ANgish ) R gt S 1R (25) 9
SIEN EYEE R R R R, U KRR
B2 BI5Z 0, WIS BB TR (] B 4 B H 0
f2z ( Hik, 2004; #%, 2005; FRELH, 20065
XL, 2008; Liu et al., 2009; Shi et al.,
2010; B H 4 ,2012; Zou et al., 2013 ; Wang et al .,
2020b; FE5E, 2020),

B R R R IR AT (25) YRR R
KAE B W, KB —e b2 5 REAS T
HET . HE (2004 ) X SCESE (2008 ) &
PRADMERE S N R Sk W 22O BIR I A R, &
g AR R 3G, AEEFT PMI HEWTAT
i 2 Fe s AT A 84 ho HRAZ (2005) 5T K ILLE
F ) o Y e 2R AN U & B DTSR 55 h
AL S hr Bl BPORS 76 P 1) — k2= 2=
T B A AR, AN IS 2 BRSO T
Fk G g4 HURR AR K, (R & DI E K
36 h, KK 1.1 mm (Liuetal., 2009),
BEAN, XPASFIAFSE N DL ) SE B 45 R IEF T 45 6 3 b
ATDLR I, —Sefb 1y or (A e A 2289
JHi 5 ) X A [R) 4 i B S 1) B e 45 SR TR T
( Bhardwaj et al., 2020 ), 4l Mahmood F1 Kareem
(2019 )i 4R JHFF JR 1y S 30 e 0L R R R D e 25
Jinb sk #4x i Chrysomya albiceps B & &, 1M
FAHEE (2020 ) D) & B0 A 7 A A A0 B DR e
SEIE R A E . BH% (2012)
(A BIF 5 2 BH S0 T B 910 o) A Sk 4 g 4y U AR K
BN AE K Z B DI, Zou 55 (2013 ) W
K PRGN ERAR 30 T 22 ekl iU & B D1 . W)
PR (245) YRR RN AR AR K& 7 A s i ]
RESSAEAE 35 W 25 5, ML 5 2245 2 — 20
5E. SRkUL, # (25) UXTREAERKE™
A Z i, XA TR R B 2 Mk LA
W R B W e AT IS LA, AFSR AN
0T LR TT— R I 52 560 42 1T 2R 55 Hh S48 31X

Fps2m

YERIE R B R —A 3, R R i
A 20 40K E 21 Hp) AR 2 T,
SR IX — SR 1 I 5 I A R i s > . KT
(25) Y R AR R B R Ry, B NS
5T N D O 285l i K S Sl 7 e Mo, (1
X3P i R AT 9 s A A BT TSR B S B, fbF
iR S R IR FHE R KARE SN Ef
175 L 22 [E] AR 6 R O RATI AN E R ( da Silva et al.,
2017 ). EIRBLA BRI, B RAHHE AR
FEiE— 2 ST o BLAh, Bl 4R ALEE i RUBT
K eGP SR B B, e E &k AR
HEESET - R I AR, XA IRk R
BEH2E PSP R R

43 Hit&#%

brT LidgmAEE, RRNEE SEELRS
FET- I 106 B W B4R S5 45 56 ( Mona
et al., 2019 ). Bttt (2004 ) 765 A9 AN ] M
DX FUAS [ g 4 o B R I ABOA THR EE T 12 2R
FES, AR, BRI R
B AR — R B IR, g S i R
PR, 25 0 s WSS AE R il 1 53 A AR AN RT3
mEMAE BT AAEZES . oM, Kirstin %6
(2017 ) AR HRTAE A RN IR E TRIE, £
& (2017 ) FESLH0 b & B A Bl 8 i 2] 25 5%
AR 3 O A R S PR DX R 8 B ], HLIX AN 52 )
AV FE % 8 TR B R T A IR T T )
| (EHEE, 2021), Bz, BRNERAREFS
TR O S A R T o, AU AR B
Y AW e T (B A, S AT B 22 MR ax 26 R 2
B LSl

5 ZERBRFEIGAIHE

VEMIR R 2 00 32 R, iR R R A a5
WHFET- A HEW P E 252 T (£
&, 2021 ), iz HTAHICFI TR BEAS 4 A THEAff L E
FETZIF ], AR E— 20 B SR ATS i 1 15 22 PR A
B, RER BRSO AL T AR BB,
WM RMFEEA R ITE , X BARR BT L
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Fo B, BUA J7 X E LR D45 e F R e
W o X TR AR, ST H a2 B R
w RG22 EE R RN K FRED
5321158 ( Ramos-Pastrana et al., 2017; Flissak
and Moura, 2018; Salazar-Souza et al., 2018;
Wang et al., 2018a; da Silva and Moura, 2019 ),
{EUXT U U A HE TR AN MER . 25—, TR R R
P RYR RIS ANE 5835 . 7 (25) MR R iR
AR B I RE A S 2% 224 ( LI RIFh Ak 2 ) JBok)
AN ) B UK R R 1 52 ] REBUOR AR S ), B
T3 B AE LN 3 s i AT v A S A 204, PRt
B (245) Wyt B AR i 2 e AL ] 5 275 2]
HE— DA SE o 55 =, X R HURE TR O LA A
FERBN AL o 24 T SR b A DBy Bt i o 2
RGP RIAEAEIT ], S5 2 g - Pk B duiR g A
MIBLBEOTST , 58075 IR PR EE 25 AF A R 3 B
R, 5500, HE—2 0k iy ZE s < F}
A (ESHS, 2021), ek AT e K EEF 4
AR HORAE R BE B e h i 0 o ek o) B H
A SRORLAA K PR 20 00 7 B A% SE o vy b 48 7 B
HOARRE , XA FR 28 10 24 SR B SR A g T
A BT R AU & 0 M R B R R

T R B HUs e S B N O T A AE — R )
AR, 55—, PR ER R E SHEK TR YA
RBIRIEA R A PR, AH I S50 A T I g — /NS
SIS R TR 2 RS X R A Y X
255, ST N B TR ZEXTAN (R b X ELAAC15G 100 4
E9E. S, EPRg—niE B R de e AE
R B ARIE Ao AR B IR A T AL BRI 25 2 K
B L O IS 5 IR, AR YRR 7 k) B HafA
AT 1 S BT AN TR] , X 2 B UK B AL
PR i ( Richards and Villet, 2008, 2009;
Midgley and Villet, 2009 ; Fratczak-tLagiewska and
Matuszewski, 2019 ), FFE75 A [F] 5 4 ECHE X
PAHEAT LU AAIE— 20 00 #r o B =, FRER AL
K ORER I O B A7 N DLk = vk R B L Y
BEAR, RIS O R S5 I S8 4L
AR T e Jr LA AR R T N DX R R B LA Y
g KA I REAR , 3k SERRA I T 2 B e i) R e
AR

6 BREE5RE

2 i 30 SRR R, REMDER R
T ) % S B AT 1 2 R B R B A T, (O
FEFET G4 r () 41 o FH A e A S BE . 3. [ 2L 4R
T8 AL R B 2R R R B 20 Avi (K%
MEIC K, 1999; FAFA, 2003; FEkgt:, 2007;
AALEESE, 2008; FEEIASE, 2009; Guoetal.,
2011b; BIBHPESE, 2012; EIVLIE%, 2012; 2=
FHSE ) 2013; Ying et al., 2013; ZRE AR
2E, 2016; Wang et al., 2018b, 2019a; Hu
etal., 2019, 2020a ), Hriy =500 H &
B HOE W U TR (B] o 7R 4B R HUGIE S s, g
KA B DI ( Developmental duration ) F14f H
IR SRS w I RIS A 8 bR, L FF 10 AR
HAF B T A — R fiiE TR S RRE
(AR A RS W FE TR 8], T B R e e A
B H B ETACA 1% (Wang et al., 2019a ),

T X R BSR4 45 OB 2% I R H AR (1 Bk
W, kB R ML TN SR AR AT ) FERE A 5T
T A A S R ALy | JE R 22 R SRR L T
REAEHTHE AR, STEUTE Il (9 AL TR [ 4T (2
VKA, 2014; TIRHESE, 2015), R T LML E
EAE SN A S I € 1 I
G AR B RS , 76 24T B HUIE R el A
H BRI R85 25 1 55 R 2 25 SR AR N 5 etk
7 B HR Bl S 5 % T R ) 9 S A 5 o
Teis; FFR MR A RIIEIT LA T i B R T V5 35
BHLE KA (25) Prxt B B AL A R
A A S A b B R &R S A ) 22
S5 IR A A B R I R A SRR R Y

Bl
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