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AncrpaxT: Y pamy je mpHuKkasaH 3Hayaj (popeH3Wyke eHTOMOJIOrHje Kao
Hayke KOja MO)Ke MOMOhM NPUIMKOM HCTpare KpUMMHAIHUX fesa Te KaKo ce
yTBphyje MOCTMOPTAJIHU UHTEPBaJL. Y paZly je ykazaHOo Ha MOCTYIKe U Ipouenype
NPWIKMKOM yBrbaja Ha MecTy forahaja, a Koju cy 3HauajHU 38 EHTOMOJIOLIKA HC-
TpakuBamwa. [lakmwa je mocseheHa eHTOMOTOKCUKOJIOTHjH, OZHOCHO KaKO €HTO-
MOTOKCHKOJIOTHja MOKe ToMohy yTBphHBamwy NpUCYCTBa TOKCUYHUX CYTICTAHLIU
y OpraHH3My y TPEHYTKY CMPTH Kaja TO HUje moryhe kiacHYHUM MeToJama.
YkasaHo je kKako MHCEKTH MOTY JOTIPUHETH OTKPHBalky MaCOBHUX I'PODHULIA, aln
Y IPY>XUTHU UHOpMaLFje U Tako MOMONH JJOKa3KBaky CAMUX PATHUX 3JI0UKHA.

Kipyune peun: ¢opeH3nuKa EHTOMOJIOTHja, IOCTMOPTaJIHY UHTEpBaJl, €H-
TOMOTOKCHUKOJIOTHja, UHCEKTH, PaTHH 3/I0UMHHU, MAaCOBHE IpOOHUIIE

VBOJI

dopeHsnuKa eHTOMOJIOIMja Ha3UB je 00u1a [0 TaTUHCKOM TEPMUHY forensis
IITO 3HAYM Ha TPIY, [1e je KOpeH Y peuu forum — Tpr, U IPUKUX pedu entoma —
MHCEKT ¥ logos — HayKa, Jakje HayKka 0 MHCeKTHMa Ha Tpry, IITo ce ofjallmkasa ia
ce y Crapom Pumy, NpuiMKOoM HEIIO3HATOr Y3pOKa CMPTH TeJI0 U3/1arajio Ha Tpry
U Ty Ce OJBUjaJlo ,8ewiliauere”, OTHOCHO, YTBPHHBAO y3pOK CMPTH, akie, pey je
0 yTBphUBamwy y3poKka CMPTH Ha OCHOBY I03HaBamwa HHcekarta (Jankovi¢-Rapan,
2009).

dopeH3uuKka eHTOMOJIOTH]ja je 3HauajHa Kako Y XyMaHOj MeIUIIMHH U [TpaBy
HCTO TaKko M y BETepUHAPCKOj MeOULIMHYU U npaBy. [IpoyyaBameM HHCEKATa KOjU
cy HaheHU Ha Jielly Wid OKO ’era MoXXemo A00UTH OJTrOBOpe Ha Heka MHUTama
3HayajHa 3a UCTpary, pe CBera, 0 UHTEPBaly Off MOMEHTa CMPTHU [0 MOMEHTA
y3uMaka MHCeKaTa M JIapBH ca Jiella (MOCTMOPTAAHU UHTepBai-PMI), anu u o
MECTY CMPTH, €BEHTYyaJHOM [IpEMELITay JIellla, KA0 U OATOBOPE Ha NMUTama O
Y3pOKy CMPTH (TpOBae, eKCIUI03Hja, 3aHeMapHuBame...) (Lindgren et al., 2015).

1 Ayrtop 3a kopecnionnenuyjy: Cphau b. Ceruth, MA, Buonouku daxynret, YHUBep3uTeT y beorpany.
Hmejn: segicsrdjan@gmail.com
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dopeH3UUKa eHTOMOJIOTH]ja je Tauka TZe ce MPaBOCyJHU CUCTeM U Duosioryja go-
THYY, jep cy OWO0/I03U, OMHOCHO, EHTOMOJIO3U, TH KOju 0de3dehyjy mokasze koju
he ce xacHUje KOPUCTUTH y TpaBOCyJHOM nocTynky. C TUM y Be3H, hopeH3uuKa
€HTOMOJIOTH]ja, Kao U cBe apyre ¢hopeH3nuKe HayKe, JOBOJE Y MUTamke CTapy Kia-
CUYHY NOJeJTy HayKa Ha MPUPOJHE U OPYIITBEeHO-XyMaHUCTHUKE, jep Tae IpHula-
najy opeH3nuKe Hayke — MPUPOIHUM WIH APYIITBEHUM HayKama.

3a ¢opeH3nYKy eHTOMOJIOTHjy Moske ce pehu Ja je rpaHa Hayke Koja je y
pa3Bojy. Mako cy Heke npumeHe dopeH3HUKe eHTOMOJOTHje (y JabeM TeKCTy
®E) nosHare jour U3 fajgeke MPOLUIOCTH, TUTepaTypa U3 oBe 00IacTH je OCKyIHa,
a dpoj crpyumwaka u3 obnactu OF je HezHaTaH. 3HAuaj AOKa3a KOjU MOTY JaTH
cTpyumaly u3 odbnactd OE je BeTWKH, TaUHO BpemMe WIH MECTO CMPTH, y3pOK
CMPTH H CJI. MOTY OUTH KJBYYHH OJITOBOPH KOju Tpeda 1a ycMepe U UCTpary U cam
CYIICKH MOCTYTIaK.

3HAYAJ ®OPEH3UYKE EHTOMOJIOT'UJE TOKOM
OOPEH3UYKE UCTPATE

Koo nHcexaTa dpoju npeko 1.000.000 BpcTa u Taj dpoj jou yBek HHUje KO-
HauaH. Tako BeTHKH Opoj BpcTa ykasyje Jia je KoJio HHCeKaTa IPHUIaro//buBo CBa-
KOM CTaHHUIITY ¥ CBakaKBUM YCJIOBUMA CpefliHe, 1la ce Moske pehu fa He moctoju
THII CTAaHHUILITA KOjU MHCEKTH He HacesbaBajy. [l03HaBame Tako BeIUKOTr dpoja Bp-
cTa je HeMoryhe ¥ HeCBPCHUCXOJHO, 1A Cy 3aTO EHTOMOJIO3H CIellHjaln30BaHu 3a
onpeheHu TUN WHCEKaTa.

3a ®E, Hajsehu 3HAYaj MMajy UHCEKTH canpodUTH U (paKyJITaTUBHU CAIPO-
(pUTH — OTHOCHO MHCEKTH KOjU CE€ XpaHE MPTBOM OPTaHCKOM MaTEPHjOM KOjH Ce
joul ¥ Ha3sMBajy MHCEKTH Hekpo@are. Beh HeK0IMKO MUHYTa HAKOH CMPTHU (HUCY
PETKH CJly4dajeBH Jia ce Hekpodare KoJI0HU3Upajy Ha ymupyhem nomahuny) Ha
JIELY YOBEKA WJIM )KUBOTHILE I10jaBibyjy Ce€ MHCEKTH Hekpodare. [Ipema HaBogu-
ma Buppa (Byrd, 1998), 6e3 063upa Kako e 61o ,3amTuher” — u3y3eB yyBamba
y MOTIyHO 3alITHhEeHOM MPOCTOpY Koje je Mmoryhe camo y crenujajin3oBaHuM
ycTaHOoBama — MHCeKTH he Hahu nmyT [0 Jiema. 3aKonaH Jell, IPEKPUBEH, 3alITH-
heH XeMHjCKUM CpPeLCTBHMA, CBE TO HUCY NIPENPEKE 3a UHCEKTE U Apyre DecKuy-
MemaKke Ja 0daBe CBOjy IPUPOAHY (DYHKIMjy — pasjarame Jiela JO MUHUpaIHe
marepuje koja he mociayXKUTH Kao IrpafuBHU €JIEMEHT Y HOBOM XXMBOTHOM LiU-
KJIyCy y npupopu. IlojaBbuBame HHCEKAaTa Ha MECTY CMPTH j€ U3BECHO KOJIMKO U
cama cMpT. la du ce uckopHCTHIIa TOTEHLKjanHa (OpEH3HNYKa BPEJHOCT UHCEKa-
Ta U ApYrux Deckuumemaxa, TakBY JOKasyd MOpajy OUTH CUCTEMATCKU IPUKYI/bE-
HU U obOpahenu. Jla du npukymbawme U 0dpaja nojaTaka ca MECTa €BEHTYaTHOr
37104MHa OMJI0 CHCTEMATCKO, CAMH UCTPa’KUBA4H KOjU pafie Ha TOME MOpajy DUTH
YIO3HATH ILITa TPake, MOPajy OUTH yNO3HAaTH ca HUOIOTHjOM U aHaTOMHUjOM MH-
cexara nmpema HaBoguma Kactraepa u bupaa (Castner & Byrd, 2000).

3a ®E cy 3HauajHa 4eTHpPU pefa HHCekaTa Hekpodara u To Diptera,
Coleoptera, Hymenoptera u Lepidoptera (1li¢, 2019).
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Pen Diptera obyxBarta pamumnuje:
— Calliphoridae
— Muscidae
— Phoridae
— Piophilidae
— Sarcophagidae
— Sepsidae
— Sphaeroceridae
— Stratiomyidae
— Psychodidae.
Pen Coleoptera odyxsata damunyje:
— Staphylinidae
— Histeridae
— Silphidae
— Dermestidae
— Cleridae
— Scarabaeidae
— Nitidulidae
— Trogidae.

Pen Hymenoptera obyxBaTa pamuinuje:
— Formicidae
— Chalcidae
— Diapriidae.

Pen Lepidoptera obyxsaTa pamuiuje:
— Tineidae
— Vespidae.

Kaxo Ha HalIMM MPOCTOPUMaA Ha CAaMOM MECTY forahaja peTko kajia mocroje
MOryhHOCTH [la MPUCYCTBYjy €HTOMOJIO03H, joul pehe opeH3uYKkH eHTOMOJI03U
jep xBanrngUKOBaHOT KaZipa U3 OBe 00aCTH UMa BeOMa MaJso, OUTHO je 1a camu
OTIEpaTHBHU (POpEH3WYapH Koju pase yBuhaje Oyny ymosHaty ca mpouegypama

MPUKYTUbakha EHTOMOJIOMKUX O0Ka3a MPUIMKOM yBUbhaja U UCTpare y Ciydajy
CMPTH.

3nauaj OF mpema [lo3zedy u capapuunuma (Joseph et al., 2011) ornena ce y:

— yTBphUBamwy neprona akTUBHOCTH HHceKata (Period activity of insects —

PAI) u yrBphuBamy BpemeHa HacebaBawa (Time of colonisation —TOC)

Ipy YeMy yjegHo yTBphyjeMo U MUHHMAJIHU [10CT MOPTa/IHU HHTEepBaj
— mPMI,
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— yTBphuBamy reorpadcke U MpOCTOPHE J0KalKje CMPTH;

— yTBphHUBam®Yy Ma 1M je Jem mpeMeliTaH M Jia JIM je MecTo IpoHajacka
7ella MPUMapHO WIN CeKyHIapHO MECTO IZie je CMPT HacTyIuiIa — a T
je neur moMepas;

— TOME J1a HHCEKTHU HpOHaT)EHI/I Ha MECTYy CMPTHU MOTY TIOCITY>KHUTH 3d TOK-
CHUKOJIOIIKE aHAJ/IU3E,

— TOME Jla UPEBHM Cafip)Kaj MHCeKkaTa MpoHaleHUX Ha MECTy CMPTH MOXE
MOCJIY)KUTHU Kao OCHOBa 3a ys3umame JHK;

— TOMe Jla, Ha OCHOBY NpoHaheHWX HWHCeKaTa, MOTY Ce KIacU(UKOBATH
MOBpeLe Ha JIely y CMUCIY ante mortem, peri mortem unu post mortem
rospeze.

Ia 1 ce HHCeKTH MOTJIM KOPUCTUTH Kao (OpPeH3UUKH J0Ka3H, HEOMXO/IHO je
IIPaBWIHO IPENO3HAaBake, MPUKYI/bakhe, YyBake U OTIPeMame eHTOMOJIOUIKHX
y3opaka HaheHux Ha nuuy mecta. Ha Mecty norahaja, ogmax ro mpucTynamwy,
Tpeda 3amoyeTH ca mpolenypama Koje cy OUTHe 3a eHTOMOJIOLIKY JIe0 UcTpare,
a TUYy ce JoKauuje rae je HaheH siewr, 0 MoryhHOCTH HHQecTallje UHCeKTUMa,
OJTHOCHO, BbUXOBUM JIapBama, rapfepodu 1 npegMeTrma Koju cy Hal)eHu y Hero-
cpenHoj dnusuHM Jsema (Sharma, 2003). [Tpema ynyTtctBuma Ketca u Xackena
(Catts & Haskel, 1991), cama eHTOMOJIONIKA TTPOIieiypa y3uMama y3opaka Moxe
OWTH TeTMMHUYHO WHBAa3HBHA Y MOIJIely HapylllaBawka UHTErpyuTeTa Jyiema (moro-
TOBO y NMOOJMaKI0j a3y pacnajamwa) ma npe y3uMama eHTOMOJIOMIKUX y30paKa
Tpeda u3BpUIHUTH (poTorpaducame U TaYHO MO3ULMOHHpake Jella Y 0JHOCY Ha
0KOJIMHY. BUTHO je mpudesiexuTH CBe UMEHHIlE KOje ce THUy pacTa U pasBoja
WHCeKaTa — IIpe CBera, TeMIepaType U BIXHOCTH, jep TO Moke DUTH mpecynHa
Ba)KHOCT IIPWINKOM JOHOIIEHa 3aK/bydaka KOju ce THIy eHTOMOJIOIIKUX JOKa3a.
Hajmama rpeurka y npouenypama MoXke JOBECTH JI0 IOTPELTHOT 3aK/by4dka, a ca-
MHM THM | [0 TIOTPelIHe OIJIyKe CYACKUX opraHa. MirycTpaTuBaH mpumep je na
je ne npoHal)eH y TOIJIOM JieTy TOOUHEe HIIp. V jyHy Mecelly U, Ha OCHOBY Pa3Boj-
HHUX CTagujyma JapBH, €HTOMOJOT 3aK/byUH [ia je CMPT HACTyIWIa cefaM JaHa
Ipe y3uMama JIapBH ca Jiella, a MPWINKOM yBuhaja HUje HallOMeHyTo, PeLHMO,
Ia je neu npoHaheH y ayTomodwity TamHe Doje mapkupaHOM Ha acdanty Koju je
O10 U3/I0XKEeH CYHUEBOj CBETJIOCTH, TIie Cy TeMIlepaType 3HayajHo BHUle, Ma je pa-
3Buhe ylapBu Oprke, a IMIaBHU OCyMBbUYEHH HMa HEODOPHUB aindu 3a cefam naHa
pe CMPTH. Y TOM CJIy4ajy, Ha OCHOBY MOTPELIHOT 3aK/bydKa eHTOMOJIOTa, CyJ
Mopa poHeTu ocnodahajyhy mpecyny, camo 3aTo LITO je Heko MPUINKOM yBubaja
MTPECKOYHO JIeTa/b OUTAH 3a eHTOMOJIOMIKY UCcTpary po Bajty (White, 2021).

I[HOCTVIIOU U ITPOUEAYPE INTPUJIMKOM
OOPEH3NYKO-EHTOMOJIOIIKE UCTPATE MECTA JIOTADBAJA

Ha mecry porahaja, NpuKyI/bathe EHTOMOJIOIIKUX [0Ka3a 3all04Ube HEKO-
JIMKO KOpaKa MCIIpei caMor JIellla ¥ 0[jBHja Ce Y HEKOIUKO KopakKa.

1. OCManaH:e u Denexxere OMIITUX KapaKTEPHUCTHUKA JTULd MECTA

KPUMUHATNCTUYKO-NONNUMICKN YHUBEP3UTET, BEOTPA/



Y oBoj pa3u Tpeba youuTH CBe [eTasbe caMor MecTa Iie je npoHaheH jer,
y CMHUCITy CaMOT H3IJIelia JIoKalllje, MO3UIHje Jiella, U37I0KeHOCTH Jiella CYHIY
WIN CeHUM 3aBUCHO 0f foda faHa U cjl. OcMaTpame Tpeda BpPLIMTHU ca YAa/beHO-
CTH O]l MUHMMAJTHO 6 M KaKo ce He O Y3HeMHUPWIH OIOPaciii UHCEKTH KOjH MOTY
WJIH OJVIETeTH WIH Ce Ha JPYTH HaYHMH yIa/bUTH Ca CaMoT jielna. BUTHO je ¥ Bpeme
KaJla ce u3a3u Ha MecTo Jjorahaja jep HeKH OIpaCIH UHCEKTH (MyBe) Cy aKTUBHU
CaMo 110 JHEBHOj CBETJIOCTH. YKOJIMKO Ce Ha MECTy IIe je nmpoHaheH Jsewl mpu-
KyT/bahe TParosa BPIIM TOKOM HOhH, TO ce MOpa KOHCTaTOBATH jep ce He MOoXe
OYEKMBATH Jia ce 3aTeKkHy ofgpacie myse. O CBUM KapaKkTepuUCTHKamMa MecTa e je
new mpoHahen Tpeda caunnuTH PoTorpaduje u Henelike, jep HEKU AeTasbU KOjU
Cy HeOUTHH 32 EeHTOMOJIOTa, MOTY OUTH U3Y3€THO OUTHHU 3a IpYyTe CTPy4Yhake KOju
HCTPaXKyjy MecTo re je HaheH sewr U 0dpHYyTO.

2. BnayenHo OCMaTpame NMPpHUCyCTBAa MHCEKATA Ha JIMLY MECTA U Denexeme

Y 0BOj (asy, BpIIK Ce OCMaTpame CaMor JIellla U HEIIOCPEIHE OKOIHHE, (PO~
Torpadulie ce ¥ caunbaBa MHUCaHa JOKyMEHTallkja O OHOME IITO Ce MOXe YOUH-
TH Ha CaMOM JIeLlly U OKO ’era, KOjU JeJIOBU Tesa cy HHdeCTUpaHU Off HHCEeKaTa,
KOjH je CTelneH KOoJIOHM3anuje, Koje GopMe MHCEKaTa Ce MOTY YOUUTH (Ofpacin
MHCEKTY, JIapBe, JIyTKe WIH jaja), a 1M KMa UHCEKATa M y KOM CTeleHy pa3Buha
y HEIoCcpegHOj OKOJIMHH JIella, f1a 1M Ce eBEeHTYalHO Yo4yaBajy HeKM UHCEKTH Koje
He du Tpebano ouexkuBaty U ci. OBO je DUTHO jep MOXE yKa3uBaTH fa JIH je Ha
Temy W0 moBpena ante mortem, jep y CIy4ajy 3a)KUBOTHHX [TOBPENA, YKOIHUKO je
NEepUos Off TPEHYTKAa CMPTH JI0 [ojlacka UCTPaKHoLia JOBOJBHO KpaTak fa du Ha
CaMOM TeJly JOLIIO 0 HH(ecTalrje MHCEKTUMA post mortem, a Ha npoHaheHoM
TeJIy yodaBa ce HHecTaldja, To yKasyje fa Cy noBpefie dusne 3aKUBOTHE, a fia je
CMPT HacTynuaa HakHagHO. Tpeda odpaTUTH Naxkwy Ha CBAKH IeTakb KOjH MOXe
Ia Ipy’kH HEeKy UH(OpMaLHjy, fa JIM €eHTOMOI03MMa WM UCTPAXXUOLIUMA IPYTUX
npoduna (White, 2021).

3. Ilpukynspame U Denexerme TPeHYTHUX KIMMATONOIKUX U MUKPOK/INMa-
TOJIOLIKUX T0flaTakKa

Y 0BOj pa3u, NpUKYIbajy Ce ToJALM O TeMIepPaTypH U BIaKHOCTH Ba3myXa
Ha CaMOM JIUIy MeCTa, Tie Tpeda pasrpaHUYMTHU [ia U je Terno HaheHo y 3aTBO-
PEeHOM, [T0Ty3aTBOPEHOM HJIK OTBOPEHOM IIPOCTOPY, Tie Hajipe Tpeda U3MepUTH
TeMIIlepaTypy Ba3lyXa OKOJIMHE (YKOIHKO je ped 0 3aTBOPEHOM ITPOCTOPY, MepH
ce TeMIiepaTtypa yHyTap MpOCTOpHje alu U TeMIlepaTypa BaH ITPpoOCTOpHje), 0da-
BE3HO Ceé MEePHU BJIA)KHOCT BaslyXa y MPOCTOPHjH, ajld U Ha oTBOpeHOM. HakoH
Mepema TeMIepaType OKOJIHHe, TIPUCTYIIA Ce Mepemy TeMIepaType Ha MOBPLIH-
HH TeJa, 3aTUM TeMIlepaType Tila WIH Mofa YKOJIHKO je Terno HaleHo y 3aTBo-
PEHOM IIPOCTOPY, Ka0 ¥ TeMIIepaType UCIOJ CaMOT Tejla MOCTaBbakbeM TEPMO-
meTpa usmehy Tena u nomsore. butaH noparax je u Metabosninyka TemiepaTtypa
Mace 1IpBa, koja ce MepU Ha MEecCTy TJie je BU3yeJIHO KOHCTaToBaHa Hajseha Opoj-
HOCT IIpBa OUPEKTHUM IIOCTaBbakbeM TEPMOMeETpa y Macy IpBa. Meradonuyka
TeMIiepaTypa Mace 1IpBa je 3HauyajHa jep ce ycjien MeTadomuuKUX Mpoueca TeM-
nepaTtypa y camoj MacH MoJuXxe, IITO MOXKe OUTH 3HaUajHO jep MOTY HaCTaTH pa-
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3mvKe y Op3WHU pa3Boja LpBa yciien pasiuke y Temneparypu. [lopen cBUX OBUX
nopjartaka, OUTHO je YTBPIUTU U 3aDesIeXUTH U HeKe IpyTe YHHheHHIe Koje MOTY
OuTH 3HayajHe, Kao WITO je 001a4YHOCT, IPUCYCTBO Marye, AuMa U ci1. CBU mojanu
ce ogmax Demnexxe jep CBaku U30CTaHAK TPEHyTHe 3abenelike nMpencrasba Moryh-
HOCT KaCHHje rperike.

4. Tlpukyrubame OfipaciIuxX UHCEKaTa
5. Tlpuxymmsame jaja, 1apBY U JlyTaka Hal)eHUX Ha JIMLYy MecTa

6. Ilpukynspame y3opaka eHTOMOJIOIIKOT TPUCYCTBa (MMara, JIyTKe, JapBe
Y jaja) y HermocpenHoj OiIM3UHY Jela 5—6 m, yKoIuKo wakxeol upucycuied
uma)

7. TlpuKyIubame y30paka eHTOMOJIOMIKOT MPUCYCTBa (MMara, JIyTKe, TapBe
Y jaja) HAKOH OFHOIIEHa JIellla Ha MeCTY TZe je JIell JIeKao

Osge dasze ce page UcToBpeMeHo na he Tako dUTH U MojauTbeHe.

[Tpukynpame nerehux umara ce BpIIM nMoMohu Mpexe 3a XBaTame, Tako
IITO Ce WU3HAJ Tesla U3BOJe MOKPETH y BUIY XOPHU30HTAIHE OCMUIIE, OHOCHO, Y
00/MKy 3HaKa 3a DECKOHAYHOCT — co, WJIM Tako WITO he ce Mpeka 3a XBaTamwe JIp-
KaTH HelocpefHo U3Haf jiella oK Ce He CKyNHY 0Bo/baH Opoj nerehux HHcekara.
Xopajyhu MHCEKTH ce MPUKYIUbajy PYKOM WM KJIEIITHMa Ca MEKUM BPXOM, KaKo
Ce He OM OLITETHIIO TEJI0 MHCEeKaTa. HakoH MpUKyIUbama JOBO/BHOT Opoja, HHCEK-
TH ce npedallyjy y Tenly 3a ydujame U yCMpTeE ce Hajuelnhe eTHI-aIKOX0I0M, a
3aTUM ce npedanyjy y cTakjieHe D04HLle U oTanajy y eTHI-aIKOX0JI KOHLIEeHTpa-
uuje 70-80%. ITpeMa MpoTOKOJY KOjH je objaurmeH koj Xackena M capafHUKa
(Haskell et al., 2000), 3ajenHo ca nojefuHAYHUM MHCEKTOM, Yy TyOy (Teriuiy)
Ce CTaBJba XapTHja UCIHCaHa rpadUTHOM OJIOBKOM a Ha TyOy (TernauLy) ce Jenu
XapTHja Koja je ucrucaHa XeMHUjCKOM 0710BKkOM. ODe XapTuje cafipKe UCTOBETHE
NofaTke O JIoKallMju Ha Tely Iae cy BUD)EHM ofpaciu MHCEKTH, BpeMe, MEecCTo,
WMHULMjaIu caKyI/baua U Opoj crydaja. Ha oBaj HauMH ce NPUKYIUbajy OOpaciIu
WHCEKTH, Y CBU OCTaJIM Pa3BOjHU CTafUjyMH MHCEKATa, allk OUTHO je HallOMEHYTH
Ila 0BaKO NPUIPEMJbEHH y30pLM — MpernaprucaHy UHCEKTH U BUXOBU Pa3BOjHU
CTafUjyMH Cy 3ayCTaB/beHH y Pa3BOjy ¥ HE MOTY ra JOBPLIMTH, Beh ce Ha OCHOBY
pasBojHOr cTagujyma Moxxe yTBpauTH Bpeme PAI, TOC u mPMI. Ilpukynsbame
jaja mapBu U MyTaka ce BPILIX OfIBOjEHO Ca CBAKOT MeCTa KOJIOHHU3allije Ha CaMOM
neury (MecTa KOJIOHHM3allyje MPUMapHO Cy TeleCHe LIyTJbUHE — YCHa AyTjba, HO-
30pBe, PEKTYM, BarMHAJIHU OTBOP M CJIMYHO, Y NOOAMaKiIoj das3u pacnaja Leno
TEJIO je IPEKPUBEHO jajuMa, lapBaMa U JIyTKama). Jaja ce IPUKYI/bajy MEKAaHOM
HaBJla)KEHOM YEeTKHULIOM. JIapBe U JIyTKe Cy YOu/bHBHje U JIaKLIe ce MPUKYTIbajy,
NPUKYTI/bakhe Ce MOXKe BPLUIMTH PYKOM, NUHIIETOM WIM YETKULIOM. Y30pak jaja u
napsu Tpeba fa dyzne npeko 50 komaza, ITO HUje MpodyiemM € 003UPOM Ha BUXOBY
OpojHOCT, a 3HAYajHO je J1a Ce 10 CBaKOM MEeCTY KOJIOHH3alje BpLIu odesnexana-
e y30pakKa U Jia ce Denexu TeMreparypa camor mecTa KosoHusauuje (Petrovic,
2012).

HakoH mpukyn/bama y3opaka JIapBH U jaja, noTpedHo ux je huKcupaTH LITO
Ce MOXKe YUUHUTH KPAaTKOTPajHUM NOTaNambeM Y K/bydasay BOLy UiIH NoOMohy yHa-
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mpes mpunpembeHux (ukcatupa. HakoH ¢ukcupama, jaja U Japse ce 4yBajy y
70—-80% pacTtBoOpy eTun-ankoxosna. Pany rajewa jaja v napsu y naboparopujama,
IPUKYTI/bajy Ce U KUBU Y30PLH M0 Beh OMHCcaHOM IPUHIIUITY, C TUM Ja Ce MPUKY-
IUbEHH JKMBH Y30PLH NaKyjy Y CTak/ieHe Tyde y Koje ce CTaBba KoMaJ, MaMyJHe
BaTe HATOIMJbeHe BOJOM (KkaKo OU Ce jaja v japBe 3aLITUTUIIE Of JeXuapaTaiuje),
3a CIy4aj fa je Bpeme TpaHCIopTa 1o adopaTopuje oyxe of jenHor caTa. KuBu
Y30pIIM ce MaKyjy y mocedHe KOHTejHEpe 3a TPAHCIOPT KUBUX jaja U JTapBH.

JlyTke Kao mociefwy cTagujym pa3suha ce mako NpUKYIIbajy 3060r cBoje Be-
JUYHHEe, MOTY Ce CaKyIUbaTH PYKOM WM ITUHIIETOM Ca MEKHM BPXOM, TaKyjy ce
y crakieHe Tybe. JIyTke Koje ce TpaHCIIOPTYjy XUBe 10 labopaTtopuje, naxyjy ce
y cTakieHe Tyde obnoxeHe BATOM WM TaNKWpoOM, Kako OU ce cITpeymsia Mospe-
Ila TyTKe U TaKo TPAaHCHOPTYjy no ysadboparopuje. JIyTke koje je moTpedbHO KOH-
3epBUpaTH y CTafUjyMy y KojeM cy HaheHe Ha mecTy porabaja ce, HAaKOH TOTa-
namwa y duxcarop, noranajy y crakjieHe Tyde UCHymbeHe eTUI-ankoxonom 80%
(Fujimura et al., 2009). 3a moTpebe mOAaTHUX UCTPAKUBAKA, MOPAjy Ce MPUKY-
IUTH U CauyyBaTH Yy ’KHUBOTY JlapBe M JyTKke WHCeKkaTa Hal)eHUX Ha JHIy MecTa.
IlomaTHa UCTpakvMBamwa U y3roj JapBu y nabopaTopHjama Cy 3HauajHH Oa ou ce
YTBpIU/IE BpCTe HHCEKaTa Ha OCHOBY UMara, ajii ¥ Op3uHa pas3Boja yrmopenusia ca
mpoleweHUM Ha Tepeny. Takohe, pa3Boj y madopaToprjama Moske OUTH 3HaUYajaH
300r EHTOMOTOKCHKOJIOIIKHAX aHalIM3a. Y Cleldjaan3oBaHe KOHTejHepe 3a y3roj
napBu (upBa) ydalyje ce cymncTpaT Kao Mmojjiora (3emsba WM Necak), 3aTUM Ce Y
KecHlly ofi cTaHuosa (aTfyMUHHjyMcKa donuja) ydallyje U3Bop XxpaHe (Liurepuua
CBUIbCKA WM jyHeha) anu v koMaj nanupHor ydpyca HaTOM/beH BOOOM Kako OU
ce cadyBaja BJI@XKHOCT Ba3gyXa Yy KOHTEjHEPY U CIPEUMI0 MCYIIHBAaHe JIAPBH,
xpaHe u nomanore (Miller & Naples, 2002). OBako mpUIpemM/beH KOHTEjHEDP Ce
obene)xaBa U MpUIIpeMa 3a CJlake 0 eHTOMOJIOUIKKX JJabopaTtopHja, Koje Mopajy
dutu odasemiteHe o mpucnehy KoHTejHepa 3a y3roj 1apBH U 1a DU MOTJIU A MTPU-
xBare y3opke (White, 2021).

Y3opuu ogpaciaux MHCeKaTa, JIyTKH JIapBU U jaja ce NPUKYIUbajy U U3 HEIO-
cpepgHe O/M3MHE JIella M UCIoJ Jewa, jep he napse y 3aBpuIHOj (pasu passoja
HaNyLITaTH MECTO JJOTaflalllkher )KUBOTA U Pa3Boja ¥ YAa/bUTH ce Kako Ou mpeluie
y CTafiujyM JIYTKe, ODHOCHO, IoceAwy dasy nmpeodpasaja, u3 koje he ce pa3Butu
onpaciy uHcekT. Kaga mapsa 3aBplIM CBOje pa3Buhe U mpesasu y CTagujym ayT-
Ke, TaJla je NCXpaHa 3aBpllieHa — JIyTKe U OIpaciii HHCEeKTH Ce He XpaHe, hUXOB
LIWb je CaMO PasMHO’KaBame, OJHOCHO, NToJIarame jaja.

8. JIoKyMeHTOBame KIMMATONOMIKAX U MHUKPOKIMMATONOIIKAX TOaTaKa
U3 HETIOCPeIHe MPOLUIOCTH (3aBUCHO Off CTakha JEKOMITO3ULHje Jiela U
MPOLIEHEHOT BpeMeHa KOJIHKO je JIEI JIeXKao)

Op Hajdnxe XUApOMeTEepeOIOLIKe CTaHULe Tpeda Ipey3eTH NofiaTke 0 Kpe-
Tawy TeMIlepaType BasfyXa U BIa)KHOCTH Ba3yXa M3 MPOTEKJIOr [IepUofa, Kako
O eHTOMOJI03U MOTJIH Jla TpopauyHajy notpedbHo Bpeme pa3Buha 3a mojenuHe
nHcekre (Gennard, 2012). OBu nopauu cy HEONMXOOHHU KaKO O ce MOTJIO U3pady-
Hatu ADD-Accumulated degree days u ADH-Accumulated degree hours — oBa nBa
napaMmeTpa omoryhasajy ¢hopeH3uuYKUM eHTOMOJI03MMa J1a Ha OCHOBY aKyMYJTH-
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PaHUX CTeIleHa TOIUIOTe TOKOM CaTH WIH JaHa IMpOolleHe BpeMe IOTpedHo ma ce
IOCTUTHE oJjpeleHH CcTerneH pa3Boja HHCEKTa WU HheroBe JapBse.

9. TIpoueHa eKOJIOWKUX KapaKTEPUCTHKA OKONHHE (OUsbKke, KUBOTHIbE, 3€-
MJBHIITE, BOIA...)

Exkosnouke kapakTepuUCTHKe MOTY Ha NpyXe AparolleHe WHdoOpMaluje He
camo eHTOMOJI031Ma Beh U IpyTuM CTpyuymalliMa Koju ce DaBe UCTparoM.

YKonuko je moTpebHO MCIUTATH Jell Koju je Beh caxpamweH (pefoBHO WU
y Wby CakpHBama [jokasa), mpoleaype Cy CJIMYHe Kao LITO je HaBe[eHO 3a Jiell
KOjH je Ha TIOBPIIMHHU 3eMJbe. Pa3iika je camo y TOME IITO CE IPOoCcejaBa 3eMsba Off
MOBPLIMHE [0 Jiella y Wby IpOHATaKewka UMara, jayTaka, JapBH U jaja. Hakon
Bahema nema, npernena ce ¥ NpocejabBa 3eMsba UCNOJ JIella U H0UHO 0f Bera ca
uctTum nuwneM (White, 2021).

YTBPBUBAIE BPEMEHA CMPTU

YrBphuBame BpeMeHa CMPTHU je U3y3eTHO 3HAUajHO KOJ HACUJIHUX CMPTH,
ajy U KOJ HEKUX MPUPOJHUX CMPTH (BE3aHO 3a MPaBHO-€KOHOMCKA NMHUTama Koja
Ce OTHOCE Ha OCUTypame, HACIEeACTBO, 3aK/byYemhe HEKOT CyMIBHUBOI YyroBOpa...),
any ¥ MpoHasa3aKk HeCcTaaux LA, kaja HemMa MOryhHOCTH [ia ce Jidle UAEeHTH-
¢duxyje, Beh Mmopa na ce U3BpLIM yIIapUBawbe Kajia je ulle NocaeJmhy MyT BuheHo
JKHUBO U BpeMe KOje je TPOTEKIIO O] CMPTH a Koje je yTBph)eHO Ha OCHOBY EHTOMO-
JIOUIKUX NOKa3a. BpeMe koje mpoTekHe 0Jf MOMEHTa CMPTH 110 HEKOT yTBpheHor
TpeHyTka Ha3WBa Ce MOCT-MOPTAIHU UHTepBas, ckpaheno PMI. Yrephusawe PMI
je mocra Texkak 3ajaTak, jep Yak U y MoveTHoj a3y pasrpaime Jjiella, Kajga cy
(usnyke 1 XeMHjcke MPOMEHe Koje Ce IellaBajy ca TeJIOM y pacrnafamwy npesBu-
IJbMBE, U OHE 3aBHCE OJf MHOTO (paKkTopa cpenuHe Koju ogpelyjy Opauny tux du-
3WUKHMX U XEMHjCKUX ITpoLeca. Ay, Kako CE BpeME 0Jf MOMEHTA CMPTH ITPOLYXKa-
Ba, TAKO CBE METOJe Koje ce 3aCHUBajy Ha (U3UUKUM U XeMUjCKUM IpOMeHama
MOCTajy CBe Mame noyszgaHe. Taga Hactynajy metone OF koje, 1 HaKOH Oy»Ker
Nepuoja Of HaCTylawa CMPTH, MOTY NOCTa MPELX3HO a OApenNe BpeMe CMPTH,
ogHOCHO PMI: Ha Teny Koje je mpoHaheHo U 3a koje Tpeda yrBpnutu PMI y3uma-
jy ce y30puy CBUX NPHUCYTHUX MHCEKATa y CBUM Pa3BOjHUM CTafiHjyMHMa, U Ha
OCHOBY HE3peJor uMara MHCeKTa Hekpodare, KOju Ce XpaHHO Ca TUM JIELIOM,
MOXKemo, Mo3HaBajyhu yciioBe MUKPOKJIHUME KOjoj je jiell U0 HU3TI0XKeH, YTBp-
outd PMI, He TOMUKO MPEU3HO Kao Kaja je Mepuof Kpartak, anu PMI ce Mmoxe
YTBPIOUTH Ca PEAOM MPELU3HOCTH Off jeqHOT AaHa.

3a ogpehuBawe PMI mMory ce KOPUCTUTHU U30METaIHU U HU30MOPGHU IHja-
rpamu. M3omeranHu gujarpam npencrasba YTBphrBame Nepuoia pasBoja jap-
B€ O]l U3JIerama [0 3aTE€YEHOr CTama y 3aBUCHOCTH O]l TeMmreparype. Mepu ce
IuMmeH3dja Hajsehe nmpoHaheHe ynapBe W, Ha OCHOBY JUMEH3Uje Ha KpUBYy/bama
W30MerajHor gujarpama, yTephyje ce Bpeme of nsnerawa. OBa mMerona je mo-
CTa Mpely3Ha YKOIUKO je Telo Ha MPUOIHKHO UCTOj TEMIIEpaTypH, a YKOIHKO je
TEJIO Ha OTBOPEHOM, JaKiie, NOIJIOKHO IHEBHOM Kojedawy TeMIeparype, y3uma
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ce cpenma TemrepaTypa u3Mely HHEBHOT MHHHUMyMa W JTHEBHOT MaKCHMYMa.
YrBpheHo Bpeme je mpudInKHO.
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Cnuxa 1. H3omeiannu gujaipam (Grassberger & Reiter, 2001)

H3omopdHU nujarpam ce KOPUCTH Kazia ce Hahy japBe WiH JIyTKe Koje cy
3aBpLIWJIE UCXPAHY, U MpeocTaia je mocieika Metadonuuka ¢asza mpeodpaxaja
nyTKe y napBy. HapouuTo je kopucrtaH kafia ce Haly napse koje Beh HamyuTajy
Jlell KOjUM cy ce xpaHuie. Ha ocHOBY mpenicTaB/beHHUX CBUX ha3a pa3Boja UHCe-
KaTCKke BPCTe Ha JHjarpamy, Of ImoJiarama jaja Ao npeodpaxkaja JiyTke y UMaro,
a Ha OCHOBY yTBpheHe TemIepaType CpeguHe, WIH ITPOCeyHe TeMIepaTrype Mo
IaHWMa ycren NHeBHOT Koyebama TeMIepaTrype, MOXe ce YTBPOUTH IepHoT Of
roJiarama jaja 1o 3areyeHe ase pas3soja.

Lucilia sericata
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——————— 1st molting

-------- 2nd molting
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----- pupariation
g eclosion
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Cruxa 2. H3omopdnu gujaipam (Grassberger & Reiter, 2001)
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Ipyra MeToza je MeToJja Ha OCHOBY CyKIlecHje BpCTa MHCeKaTa KOju Hacerba-
Bajy Jiell y pacnajamwy, jep ce Mory opMHUpaTh MOJENH KOje MHCeKaTCKe BPCTe
HacesbaBajy Jielll ¥ Y KOM TIepuofdy 3aBUCHO off PMI, anu je 3a hopmMupame 0BUX
Mogesa noTpedbHO cBeodyXBaTHO MO3HABaWke WHCEKAaTCKe dhayHe HA JaTOM Tepe-
Hy.

daxTopy KOjH YTHUY Ha Pa3BOjHU LIUKITYC:

1) TeMmepartypa u ce30Ha — PacT U pa3Boj MHCEKATa 3aBHUCE Off TEMIIEPATYPe
aJld 10 KPUBKU HOPMaJIHe pacrojesie, BpeJHOCTH TeMIIepaType 3a noje-
nuHe (ase 3aBHCE OJ BPCTe [0 BpcTe. Pa3nukyjemMo mer tauaka, a To Cy:

— Tayka XJIaJHe CMPTH TZie ce UpeBep3udUIHO MpeKuia pa3Boj U 10J1a3u
1o yrunyha snapse (oBe BpenHocTy cy of -10° C go 0° C),

— Tauka XJaJHe YKOYeHOCTH, KaJja CBU Pa3BOjHH MPOLIECH CTajy, alu ca
nosehaweM TemIiepatype oHM he ce HaCTaBUTH — XudepHaluja,

— Tayka ONTUMAJIHOT pa3Boja, Ihje je passuhe Hajdpke U BpeAHOCTH OI-
TUMAJIHOT pa3Boja cy 22—26 °C,

— TayKa TOIJIe YKOYEHOCTH: KaKO TEMIepaTypa pacTe W3Hal ONTHMAJ-
He, TaKOo Ce PacT U Pa3BOj YCIOPaBajy ¥ MpecTajy U Mounkbe Koarysa-
IMja MpOTerHa, TOMja YKOYEHOCT je UpeBep3udMIHA U Bp/IO diaucka
TAYKH TOTLJIE CMPTH,

— TaukKa TOIUIE CMPTH je TeMIepaTypa Ha K0joj KOaryJaully NpOTeUHU U
HaCTyTa CMpT.

3aBHUCHO Off Ce30He, MHCEKTH y TIojeMUHUM (pa3ama pa3Boja mMory aa mpehy
y CTagujyM ydaypeHe jJapBe WIH CTafujyM JIyTKe, Kafia y TOM CTafujyMy y XH-
DepHauuju MpoBOLle U3BECHO BpeMe — CE30HCKOT KapakTepa, yekajyhu mepuop
TOOWHe KOjy UM MOroAyje 3a Aasbu passoj (Vasi¢, 1971). OBu nogauu cy 3HavajHU
jep, mo3Hajyhu ce3oHy u TemriepaTtypy, MOKe Ce TPeIBUNETH U 3aK/byUUTH BpeMe
Koje TpoTekHe y nojesuHUM (daszama pa3Buha MojeAWHMX BPCTA WHCEKATa, ajlu
U ,adHOopManHOCTH” y cMUCITY yOp3aHOr WM ycnopeHor pa3suha ycinen edexra
TeMIEepaType.

2) TlpucycTtBO Mace LpBa

YKkonuko je dpoj apBy LOBO/BHO BeJIHWKH, GOpPMHUpa Ce TK3. Maca LipBa Iae,
yciies MeTadonuKux npoleca koje odasibajy came japse, foja3u go nosehamwa
TEMIIEPATyPE Y ONHOCY Ha OKOJIMHY — OBO j€ 3Ha4ajHO y XJIaJHHUjEM Jiey TOUHE,
Kajia TeMIIEpaTypa Mace pBa MOXXE 3HAa4YajHO Jla OZICTyIa Off TEMIIEpaType 0KO-
nauHe. Y cy4ajy mocrojama Mace LpBa, jaB/ba Ce CJ10KeHHW (DeHOMEH IpU KoMe
Ce HajCcTapuje napBe pa3BHjajy NpuopuTeTHO. Ha 0CcHOBY TeMnepartype meTtado-
JIMYKE Mace LIpBa, MOXKe Ce YTBPAUTH BPEME Pa3BOja JIapBH Koje Cy Ce pasBHjaje
IIPUOPHUTETHO, jep OM mepuop passoja MO 3HATHO MPOAYKEH Na HHje MOCTojao
edexar TemMnepaTtype MeTadosuke mMace 1pBa.

3) Bpcra xpane

[TojenvHe mapBe Koje HaIa3UMO Ha JielleBUMa, He MOpajy Aa ce XpaHe HC-
K/BYIMBO aHMATHOM OPraHCKOM MaTepHjoM y pacliafiaky, HeKe Off bUX MOTy Jia
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ce XpaHe ¥ OUBHOM OPraHCKOM MaTepHjoM y pacnaamwy, Wik caMo OMbHOM Ma-
TepHujoM, a 3abesexeHu Cy CIy4yajeBd JapBU KOje MOTY ia Ce XpaHe DWIo KOjoM
XPpaHOM OpraHCKOr Iopeksa, na yak 1 dojama. OBo je 3HauyajHO jep ce Ha CaMOM
Jlelly ¥ OKO Bbera MoTy 3aTehu iapBe WHCEKATCKUX BPCTa Koje cy daKyiTaTUBHE
Hekpodare ma, Ha OCHOBY MT03HABaWA CIeU(GUUYHOCTA UCXPaHe MOjeIMHUX UH-
CeKAaTCKUX BPCTA, MOXKe Ce NohH 10 HEeKHUX OJTrOBOpa KOjU Cy 3HAUajHU 3a CaMy
(hopeH3nYKO-eHTOMOIOIIKY HUcTpary. Hekama u nHceKkaTcke BpCTe Koje ce XpaHe
HCK/BYYHBO OM/BHUM OCTAllIMa MOTY YKa3aTH Ha YMEeHHUIIe KOje Cy HHTepPEecaHT-
HE 3a WUCTpary, MOTrOTOBO YKOJIHUKO UMaMO ITPUMApPHO U CeKYHZApHO MECTO JI0-
rabaja, v xaga Tpeda JoBecTH y Be3y MpUMapHO U CEKyHIAPHO MecTo orahaja.

CBH 0BHU (haKTOpH yKa3dyjy Ha Op3uHy pa3Boja M THIT UCXpaHe JIapBU Moje-
OVHUX BPCTa MHCEKATa, & TO Cy YUHIEHUIIE KOje EeHTOMOJIOTY MOTIY Jia IIpy’Ke 0-
BOJBHO MH(OpMallyja Ha OCHOBY KOjUX MOJKE [ia YTBPOY U [IEPUO Off TPEHYTKa
HacTymama cMpTH. [Tpema Bency u Jla Moty (Wells & LaMotte, 2017), pa3BujeHu
Cy KOMITjyTepCKH MPOTPaMU KOjU CUMYJIUPAjy pa3Buhe MHCeKaTa U Ha Taj HAYUH
npy’kajy ojaTKe eHTOMOJI03MMa O AyKUHU pa3Boja o ogpehene dase. Cse 0BO
je ycmepeHo Kako OM ce WTo NpeuusHuje ogpenvo PMI, anu 3Hayaj MHCekarta
HUje camo y ogpehusawy PMI, uHCeKTH Hekpodare WMajy MHOTO IIUPH 3HAYaj
y ®E 1 Mory kao HEMH CBE[IOLHM fia IIPy’ke MHOI0 HH(OpMauHyja 0 NOoCIeAHUM
TpeHyLIMMa JbyU YHjy CYyAOUHYy UcTpakyjemo. Of lapBu MHCeKkaTa Hekpodara
HE CaMo Jla MOXeMO fia [odUjeMo OJroBOp Kaja je CMpT HacTynuia Beh Hekaza
nobHjaMo OATOBOP U Off Yera U Kako.

EHTOMOTOKCHUKOJIOI'NJA U [TPUCYCTBO
[NICUXOAKTHUBHUX CYIICTAHLI

Y cutyauujama kaja je y3pok CMpTHU TpoHaleHOT elia HejacaH UK je ped o
CYMIbHBOj CMPTH, Hajlake ce 00AyKlHja, Y OKBUPY KOje ce ypanu TOKCUKOJIONIKa
aHa/IM3a W3 DOCTYMHUX TeJIeCHUX TeYHOCTH KPBU W YpPHHA, ajlu M0 moTpedu u
u3 TkuBa. CBe 0BO je moryhe axo je mpoHaleHO Teno O4YyBaHO, alu IITa pajgu-
TH y CUTYallHjU Kaja je JeKOMIIO3uIlMja Teja 0OgMaKia, U Kajja ce OHO Hasla3u y
(a3u akTHBHE pasrpajme WiK Yak y as3u ckeneTusauuje. Y Toj CUTyaldjH, OAro-
BOp ce Mo’ke JODWUTH O] JIapBU WHCekaTa Hekpodara Wi 0JpaciuX WHCeKarta
KOje HajasuMo Ha Tely WIM OKO ’era. Y CUTyalllju kaja ce Hahe camo ckerer,
0e3 TkMBa Koje OM ce MOIJIO aHAIM3UpaTH, De3 KUBUX JIapBH WHCeKkaTa HeKpo-
(hara, be3 )KMBUX MMara y HelocperHoj OMU3UHU CKesleTa, U Tajja ceé Ofr0BOPU
MOTY HOOHMTH OfI MHCEeKaTa, MPUKYT/bakheM KOIIYJbHIIa OJf MpecBiadyera JapBu
WK Yaypa Off ITpecBiavema JyTaka. Y THM KOLIy/bUIlaMa U yaypama Koje Tpeba
Ila ce Ma)k/bUBO aHAIW3UPAjy y mabopaTopujama, MPUMEHOM METOJja XpOMaTo-
rpacdckux mMerona (Milosevi¢, 2022) (uMmyHO-XxpomMarorpadCku TECTOBH, racHa
xpomarorpacduja, racHa xpomaTorpaduja ca head space TEXHUKOM, racHa Xpo-
MaTorpaduja ca MaCeHOM CIIeKTPOMETPHjoM) MOXe ce Hahu MpUCcyCTBO TOKCHHA
WM [poTa, Koje Cy MOrje OUTH Y3pOUHHUK CMPTH OHOT UMjHU cKesleT je HabeH.
Toxcunu u(nu) gpore ce Hal)y Kao HaTalnoXXeHH U HeM3MeTabOMTUCaH! TPOIYKTH
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KOje MHCEKTH YHOCe NPWJIMKOM UCXpaHe, U Kao HexXpaH/buBe Beh LTeTHe cyn-
CTaHLe Ce TAJI0Ke y OpraHU3My MHCeKaTa, l1a Tako AOCIeBajy U Y KOIIyJbULlY, Koja
3a0CTaHe HaKOH 3aBplIeTKa pa3Boja MHceKaTcke napse. [Ipema 3oxiy u JlemOy
(Sohal & Lamb, 1977) uHcexTH HacTawyjy 3eMJby MHOIO y’K€ OJf CBUX CHcapa,
Ia Cy cé TOKOM eBOJIyLIHje NPUIarojuiy Yyak U Ha IIPUCYCTBO TEIIKUX MeTaa.
Temxu Meranu, Ipe cBera, )KUBa, UMajy OCODMHY [a Ce Tal0)ke y OpraHU3MY,
wrto he JoBecT 1o CMPTH TOIJIOKPBHOT OpPraHM3Ma U, Kao Takas, jiell he SuTu
u3noxeH pasnarawy. Ha wemy he ce HacenuTu napBe MHcekaTa Hekpodara U
xpaHuhe ce TKUBUMA Yy KOjUMa je KOHIIeHTpallWja krMBe BUCOoka. MHCcekaTcke yiap-
Be he y cBOjUM OpraHu3mMHMa TaJIOKHUTH JKUBY KOjy Cy YHeJIe UCXPAaHOM W Ha
OCHOBY cafip)kaja »xuBe HalheHe y JlapBU MOXKe Ce [IOCYMHIbaTH Ha TPOBame, alu
y [OHOLLE’Y OLJIYKE fia JIX je ped O TPOBawy INPUINKOM aHa/lIM3e JIapBy JIyTaka
Y Ofpaciux jejuHKH, Tpeda OUTH ompesaH. YKonWKo OU ce aHanmusupaie caMo
JyTKe, WK CaMO MMara, KOHIIeHTpaluja XUBe, allk U JPYIUX TEWIKUX MeTasa,
duhe 3HaYajHO HMXKA, jep UHCEeKTH UMajy CTIOCODHOCT a y CTafujyMy JIapBe UITH
CTagujyMy JIyTKe NeTMMUYHO u3ballyjy HaTaloxeHe Teuke metane. OCUM XKUBe,
KaCHHja HCTpakKUBamwa Cy [0Ka3asaa CIMYHOCT ca KOHLIeHTpalKjama U HEKUX py-
rux MeTasia — reoxha, HUHKa, 0akpa, o0Ba u c1. KoHeHTpanuja koja ce yTBpou
IPWIMKOM aHaju3e yKkasyje fa Tpeba nocyMmwaTd Ha TpoBame MeTanrma. Kako
HaBogu Ytcymu (Utsumi, 1958), npoyuasajyhu napse kyhHe myBe, youeHo je fa
Ce oJpaciie )KeHKe MyBe pa3/IMuUTO OIHOCE ITpeMa JiellieBHMa NalloBa 3aBUCHO Off
TOra KOjX OTPOB je u3a3Bao cMpT. OBLie ce HUje fa/be UCTPKUBAIO Y CMUCTY [
ce IpoyYye TOKCUHH y JlapBama ajly je yka3aHo 1a UHCEeKTH JIaKo 0CeTe IIPUCYCTBO
MaTepHja koje YOBeK CBOjUM UyJIMMa He Moxke Jla KoHcTartyje. Mako ce ucrpaxu-
Bama U Jlajbe CIIPoBOjie Ha MHCTUTYTY PpayHxodep y XaHoBepy U bpayHuBajry y
Hemauxoj, jour yBek HHje moryhe Ha OCHOBY KOHIIEHTpallMja TOKCHHA y TapBaMa
OJpeIuTH Jia JIX je Taj TOKCHH HelocpeqHU y3pok cMpTH. OBO HaC MOXKE HaBeCTH
Ha pa3Muli/bake, ajli Ha OBOM HHUBOY HayKe jOIll yBeK HUje Moryhe KOHLIEHTpa-
UYjy U3MEpeHy y TeJlMMa JIapBe NpepauyHaTy Ha KOHIIEeHTpalujy y Tely 4oBeKa
YHjy CMPT UCTPaXKyjeMo, jep He Moske Jja Ce YTBPAM CUTYpPHA Kopesaluja usme-
by HUBOa TOkCcHHA HaheHOr y JapBU M HUBOA TOKCHHA KOjU CE Hala3u y Jely y
TpeHyLIMMa KaJla Cy JlapBe KOPUCTUJIE JIeLl 3a UCXPaHy, /i IPUCYCTBO TOKCUHA
y JlapBamMa MOXKe JJaTH IyToka3 IiTa Tpeda UCTPaKMBATH, jep HeKazia je TOBOJbHO
Jla HEelTo No0yay CyMBbY U Jla Ce HaKOH TOTra JeTa/bHHUjOM UCTParomM youe IpeBu-
henu neraspy, KOju MOTY JaTH OATOBOP O Y3POKY CMPTH. 3Hauaj TOKCUKOJIOWKUX
aHa/13a JapBH, KOUIyJbULIA WIK IYTKUHUX Yaypa Ce oIyiefa y pyKamwy OAroBopa
Iia ¥ je ocoda YMjy CMPT UCTPAXKYyjeMO KOH3yMHUpasa HeKe CyICTaHIle WIH He.
3HayajHo je fa ce Kouly/bulle, HAKOH IIpecBIayewa J1apBy U JIyTKe Mory Hahu y
OYYBaHOM CTamwy U JIyTO BpeMEHa HaKOH JJEKOMIIO3HUIIMje Jiela, Tako Ja HUCMO
BPEMEHCKH OrPaHWYEeHH Kao KOJ JIapBU Koje ce MOry Hahu camMo TOKOM LEeKOM-
nosunuje. CBako NPUCYCTBO Y TKUBUMa U KPBU IICHXO0AaKTUBHUX CyICTaHUU he
Pe3yaTUpAaTH [ja Ce UCTe Te CyICcTaHle Hahy U y Kolly/buliama apBU WU Ty TKE.

Kako mojepuHe CyncTaHIle, KOHKPETHO KOKAawWH, YTHUY Ha JbYJICKH Opra-
HHU3aM, THMe ce DaBH XyMaHa MeJIUIIMHA, aJTh OHO IITO je 3HauyajHo 3a PE je kako
KOKaWH MOXe [la yTHYe Ha pasBoj sapsu. [IpeMa ucrtpaxusamwy [oda u capan-
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HuKa (Goff et al., 1989) yTBpheHo je ma, YKOJIHUKO ce JapBama IOHYIOH TKHABO
jeTpe y Kojoj je KOHIIEHTalMja KOKauHa CyDjeTaliHa W JieTajaHa, JlapBe Koje cy
KOH3yMHupase cyDdneTasHy 03y WUMajy MPUONMKHO WUCTH MEepUoJ pa3Boja, amu
3aTo JIapBe KOje Cy KOH3yMHpasie 3HauajHO Behy KOHIeHTpalHjy kokauHa (KOH-
LeHTapLHjy Koja je yjeTaaHa U Koja je ABa myTa Beha of neTajiHe) 3HAaTHO Opxe
ce pa3Byjajy. ¥ oba Hanpen HaBefieHa CIy4aja, TyTKUHO pa3Buhe je dumo ucro mno
Tpajamwy 3a 0de rpyrme JapBH.

dopeH3nuKa eHTOMOJIOTHja UMa MOTYhHOCT, a/li ¥ Hay4YHY U MOpaJiHy 0ba-
Be3y, Ja OJTOBOPH Ha NMHTama Koja Ce THUY JbyICKUX MOCMPTHUX OCTaTaka, jep
MOPOANILIA, OPYIITBO U jaBHOCT YOIILITE UMajy MpaBo U Tpeda Aa 3Hajy Kako je
WIaH JPYLITBEHe 3ajefIHHIle 3aBPLIMO CBOj )KUBOT. OBa NMHUTamka Cy MHOTO CJIOXKe-
HHja Hero 1ITo je PMI, na Tako of (OpeH3NYKHUX UCTPaKUIala TPaXUMO Ofiro-
BOpE Ha MHUTama I7ie je HaCTyNWIa CMPT, Kako je HaCTyTuIa CMPT, fIa JIX je duno
TOPTYpe U Mydeta Ipe CMPTH, Ia JIH je dUI0o cexcyaaHe TOPType, 3noynorpede
Ipora U nexoBa u ci1. Ha oBa 1 oBakBa IUTama Y€CTO He MOTY Jia oAroBope ¢o-
PEeH3HUKM HUCTPAKHUOLM, la OHIJA MOPajy Aa Ce yKk/byue YCKO CIelijaarn30BaHu
CTpy4ally Kao ITO Cy (pOpeH3NYKH eHTOMO03H, (DOPEH3UYKH NaTOI03U U Ipy-
ru. IIpema Pasmujy (Rasmy, 2008) vHCeKTH Kao HEMU CBeNOLH MOTY Ia Aajy
OZTOBOP Jia JTH je OUJI0 3a’KUBOTHE TOPTYpe, jep KpTBama Cy 0DUUHO Be3aHe pyke,
YecTo Cy yciie TopType U 0e3 CBecTH, Ila He MOry Jia ce dpaHe Off Hamajja MyBa
KOje MOTy Ila IIOJI0Ke jaja Ha CBe)Xe paHe WIH ITPUpoIHe oTBope. Tako HaM MpH-
CyCTBO KpacTaBHX paHa Ha Jielly W MHja3e (3aKMBOTHa MHecTaluja jJapBama
MyBa) yKasyjy [ia je ante mortem NOLUIO 10 HAHOLIEeHa OBpesa U TO HaM yKasyje
Ha TopTypy. MHCEKTH YyecTo Mory Jia [ajy OAroBope ofakie MOoTHYe Heka MaTe-
pyja ma je Tako amepuuka JEA (Drug Enforcement Administration), mpumukom
jermHe 3aruieHe MapHxXyaHe yTaKkoBaHe Y TK3 ,lIUMTy” 3a KOjy HUKO Off OCyMIbHUYe-
HHUX HHje XTeo Jla MPUXBATH OTOBOPHOCT, a Ha YIIakOBaHOj MapUXyaHH je HaheHa
WHCeKaTCKa JapBa, Y IoMoh 1o3Bajiia eHTOMOoJIore. Y 0BOM CIIy4ajy, 3afaTak 3a
eHTOMOoJIoTe je 1o nak jep je yrBpheHo na Hal)eHa BpCTa HHCEKATCKe TapBe KUBU
camo y Konym0buju, na je duio nako mose3aTd MOUMHUOLIA KOjU je NOMyTOBAO
n3 Komymbuje ca HaheHoM nporom. Y ciayuajy kaja je HaheHO MOTIYHO AeKOM-
TIOHOBAHO TeJI0 KeHe, Tpebdaso je YTBPAUTH Jia JIU je 3a)KUBOTHO OWJIa CHJIOBa-
Ha. Ycren TpyJleXHUX IpoMeHa, HUje Ouno Moryhe W3IBOjUTH CEMEeHy TeYHOCT
€BEeHTYaJIHOT CUJIOBaTesba, ajli U3 JIapBH Koje cy Hal)eHe excTpaxoBaHa je JbyAcKa
IOHK mymikapua, koja je ykasana fa je »pTsa U cuioBaHa (Ramsy, 2008). UH-
CeKTH MOTY Jia Ipy’ke OIT0BOpe U Y CJy4ajeBUMa MacOBHUX IpoOHUIIA, [a U je
npoHaheHa rpodHMIIA OPHUTHHAIHA U TPUMapHa (110]] TEPMUHOM OPUTMHANHE U
nprMapHe rpodHUIle ce 1mopasyMeBa rpodHHUIIA Y KOjy Cy 3aKolaHa Tesla HaKOH
CMPTH ¥ Kao TaKBa je 3aTpraHa Tj. 3aTBOPEHA, ¥ Ha 10j HUje DWI0 HUKAKBUX
HUHTEpBEHIINja Y CMUCITY HCKOTIaBamka, IoMepakmba JlellleBa v CIMYHO) WIH je y IH-
Tawky CeKyHIapHa WM TepliijapHa rpodHuIa (ol TepMHUHOM CeKyHIapHa rpod-
HHIIA TI0/fpa3yMeBa ce rpodHUIIa Y KOjy Cy IpeHeTH MOCMPTHH OCTallH KpTaBa U3
nprMapHe rpodHHIe, Hajuemrhe ca HWbEM ITPUKPHBAaba CaMOT 37I0YMHA U OTe-
’KaBaba MpOHasIakema U uaeHTHdUKanrje xpTasa). OBo cy 4ecTH cIydajeBH, fa
HaKOH [TOYUEHOT 3/I0UHHA, V [IU/bY HEeroBOT MPUKPHBaka, TelleBH U3 IpUMapHe
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rpobHulle dyny npedavyeHu y ceKyHAApHY WK TepLUjapHy, U YIIPaBO MPHINKOM
peMelITamba MOTY J1Ia HaCTaHy ,Tpelike” OHUX KOjU 3JI0YHH MPUKPUBA]jY, jep je
DIOBOJBHO JIa Ce Ha JiellleBUMa y MOOJMAaKIOM CTaHjyMy pacrana, Koju cy dumu
Beh jenHOM caxpaweHH, MojaBe HOBe lapBe MyBa. Hemoryhe je na ce mapse MmyBa
TojaBe MoJi 3¢eM/bOM — TO HaM yKasyje Jia Cy jelleBy OWIX Ha CBETIY aHa U Ja
cy npememitanu. ®E morke fa Ham IMpy’KH OATOBOPE KOjU CE OOHOCE U Ha Tepo-
pusam — npema Kpysosom npumepy (Cruz, 2006), ykonuko je 0d0peH aBUOH U
HeMa MPeXUBesuX, a HejaCcHO je Kako je JOLUIO JI0 Majja aBUOHa, UCTPaKUBAKBEM
JlapBY MHCEKAaTa MO’KeMO YCTaHOBUTH [Jia 1iu je duio excriosuje. Haume, y cu-
CTeMy OpraHa 3a Bapemwe j1apBu he ce Hahu ¥ TparoBHW eKCIJIO3WBa, jep Cy Tena
pasHeTa IejCTBOM IMPOKIACTUYHOT yAapa yciies eKCIUIo3Hje U Ha bUMa Cce 3a1p-
’Kao [Ie0 caropenux M Hecaropeiux 4ecTdla ekciuiosrBa. HakoH xpawema, Te
WCTe YecTUle ce Mory Hahy y HHCeKaTCKUM JlapBaMa WId KOUIy/bUIlamMa IPUIH-
KOM TIpecBiiauera, Koje Mory DUTH ouyBaHe rofHaMa Ha MecTy The cy HaheHu
TparoBy. YIIpaBo je oBa MeToJja, faja OArOBOp Ha Maj kopejckor aBuoHa 1983.
roguHe, jep CoBjeTH HUCY XTeJH [ja IpUXBaTe OOTOBOPHOCT 3@ 00apamwe MyTHHUY-
KOT aBUOHa, aJly JIapBe Koje cy HaheHe Ha ocTaljuma »KpTasa Cy fajie OAroBop fia
je oo Jo 32KMBOTHE eKCITo3uje v Hahenu cy Tparosu THT-a (English, 2022).

I/ICTpa)KI/ITeJB-

CKCIIJIO3UB

XeMHjcKa JbYACKH JIELT
aHamM3a

M

HHCEKTH
 J1apBe

Cnuxa 3. Cnoxenu xpyi ywisphusarwa spciie excinosusa (Cruz, 2006)

OOPEH3MYKA EHTOMOJIOT'MJA 1 PATHU 3JIOUMHU

Jo cana je Beh ciomenyTto na ®FE MoxKe [1a Ipy’KH OATOBOpPE Be3aHe 3a paT-
He 37I0YHHe, HApaBHO He AUPeKTHO Beh MHIUPEKTHO. YKOJIUKO ce Hal)e MacoBHA
rpobHHMIA 3a KOjy Ce CyMma Ia Cy Y H0j XXPTBE PAaTHUX 3JI0YHHA, PBO Tpeda
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YTBPIOUTH fia U je Y TMUTaky MpUMapHa Wi CeKyHJapHa rpodHULA — Taj OAro-
BOD MO’KeMO NOOUTH O]l HHCeKaTa Hekpodara jep mocToju TauHo onpehena cyk-
LecHja BpcTa Kako oOJMHYe JeKoMIlo3uiyja Tena. I1a, yKoiMko ce Ha Teluma y
mooamMaxiioj a3y pacnazama MpoHalhy HHCeKTH KOjy MPUMapHO Halaiajy CBexe
JelieBe, jaCHO je [ia je AOILIO0 A0 MpeMellTata Tela y CeKyHAapHy TPOOHULY Y
Wby TPUKPUBakha PaTHUX 37104uKHA. Takohe, mpe uckomaBama oKalyje 3a Kojy
Ce CyMma J1a je MacoBHA rpodHULIA, Tpeda AeTabHO MPOYYUTH (PayHy KOHKPETHOT
MOJIpyyYja, jep Ha Taj HAYWH ce Takohe MOTy yOUHUTH BpPCTe Koje ,He mpunanajy”
KOHKpeTHOj siokauuju. [1o moganuma mo kojux cy nouutd Jyro u Mysadeposuh
(Jugo & Muzaferovi¢, 2008), MacoBHe TPOOHHMIIE BAPUPA]jy 110 CBOjUM TUMEH3HU-
jama u mybuHu, HA TepuTopHju bocHe 1 XeplieroBuHe Cy UCKOMaBaHe TPOOHULIE
IyOuHe ¥ mpeko 8 m, a Kako Cy MaCOBHe rpOOHMIIe CakpUBaHe, BEJIUKH Ie0 Iocia
je 1 caM npoHasnasak MacoBHe rpodHune. OHO 1ITO je yOUeHO MPUJINKOM Tparama
3a MacOBHUM rpodHMIIaMa Cy TK3. ,reopusnyke anomanuje”. [Ipunnkom Tpara-
’ba 32 MaCOBHHMM IrpodHMLIaMa Ha MECTHMa 3a KOje Cé CyMHaso Jla Cy MacoBHe
rpodHulie, YOUeH je BeJIMKH OpOoj IIaBUX jenTupa. 3a oBaj eHOMEH Koju je Je-
KJIApUCaH Kao ,reodu3nyka aHoMainja" odjalimemne je nana gp Mapraper Kokc
(Margaret Cox) — mpumeheHo je na cy macoBHe rpodHuLe BehMHOM IpexpuBeHe
dupHOM BpcToM Artemisia Vulgaris (IUB/bY NeJIeH) KOjOM Ce OBU UHCEKTH XpaHe
(Cox et al., 2001). OcmaTpaweM K3 caTenuTa, kako HaBogu Pegmon (Redmon,
2019), youeHo je na [esI0BY 3eMJ/bUILTA HAa KOjUMa je MHTEH3WBHA IOIyJaluja
DIUBJBET MeJIeHa, MoKa3yjy reopru3nuke aHoMasHje — 3eMJBUILITE je HEeUITO TOTIHje
0]l okoTMHe (0BO ce odjallkhaBa TOIUIOTHOM €HEPTHjoM Koja ce ociodaha mpumnu-
KOM pacrnajiamba OpraHcke Marepuje). 3eMJbHUIITE THe je U3HUKAO TUBJbH IeJIeH je
Borartuvje a30TOM Of OKOJIHOT 3eMJbUIITaA (0BO ce Takohe ofjalrmaBa a30TOM KOju
MoTHYe Off Teja y pachafamy), Teodusudyka CTPYKTypa 3eMJbULITA je U3MeeHa
(mpexonaBameM 3eMJbUILTA PAU YKOIIaBamba Tejla Mekba Ce CTPYKTypa 3eMJbULITa
Yy CMUCJTY JIa 3eMJbHUIIITE BUILE HUje Tako 301MjeHo Kao Mmpe MpeKornaBamwa, ajik U TO
Ila Ce Ha MOBPLIWHU T10jaBJbyjy CJI0jeBH 3eMJbHILTA KOju cy Ha Behoj mydunwu, npe
cBera IivHa). [IprucycTBo JUBIbET NeieHa Hajiakllie youaBamo Tako IITO BU3Yell-
HO OMa’kaMo I[le MMa IUIaBoT JIeNTHpa KOju olpallyje JUB/bY [eieH 110 Bapuepy
(Warner, 2004). MHcekTH cuUrHanIu3upajy rae Tpeda ga MOCyMBbaMo [ja Ce MOry
Hahu octauu kprtasa U rae Tpeda a UCTPAKKUMO, jep TMojaBa JUBJbET IejeHa U
TUIABOT JIENITUPA HUje TBPAa [la je Ty MaCOBHA rPODHHULIA Ca JBYICKUM OCTALlMa.
Cse Hanpen HaBefileHe reodU3NUKe aHOMaJIHje MOTY Jia HacTaHy U yciiel 3aKo-
MaBama OpraHCKe MaTepHje Koja He Mopa OWTH JbyACKOr Mopekia (Ha mpumep,
3aKolaBameM KJIaHWYHOT oTnaza). CUIypHO je 1a Ham reousvyke aHOMasIdje U
T1I0jaBa AUBJbET TIeJIeHa U IU1aBor JIeNTHpa MOTy OUTH NyTOKa3 fa HelTo Tpeda fa
Ce UCTPaXkH, jep HeMa CaBpILEHOT 3JI0YMHA, YBeK [I0CTOje CBeJOoLH, Ha JbyJuMa
je ma te ,cBenoke” youe W CxBaTe IITa roBope. [IynaBu JIENTHP je CUTHAITU3UPAO
Ha MacoBHe I'pOdHHULE y CBUM KJIMMAaTCKUM NOJAPYYjUMa, Ia Cy IJIaBH JIENTUPU
youaBaHu y Pyannu, Cynany, Mpaxy, bocuu u Xepuerosrunu, Cpduju (Cox et al.,
2008).
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3AKJbYYAK

WHCeKTH ¥ BUXOBU Pa3BOjHU CTaSUjyMHU MOTY Jia 1ajy OOTOBOPE Ha MUTamba
KOja Cy 3HauajHa KaKo 3a [I0jefMHaYyHEe KPUMUHA/IHE CTy4YajeBe TaKko U 3a cayya-
jEBE KOjU Cy MHOTO CJIOKEHHjU — C/Iy4YajeBU TEPOPU3Ma, C/Iy4YajeBU PaTHUX 3J10-
yyHa. POpPEH3NYKY EHTOMOJIO3H NOCTajy CTaHAApA Yy CllyyajeBUMa IIpOHalacka
Tesa T7e HUje jacaH y3poK CMPTH, jep Kpo3 MOHallake UHCeKaTa U BUXO0B Me-
TaboJIM3aM MOTY Jia Jajy OArOBOPE Ha MHTama Koja Cy HEjacHa UCTpakKMOLMMa.
YisbyuuBamwe (POpPEH3NUKHUX EHTOMOJIOra Hehe penuTy cBe ciyJdajeBe, alu Heke
OJTOBOPE CUI'YPHO MOXXEMO OUY€KHMBAaTH. 3JHayaj (POPEH3UUKE EHTOMOJIOTHjE Ce
nosehasa, IITO ce youasa /ia ce IIMPOM CBETa 0Dpasyje kajap U3 OBE 00/1acTH.
CpOuja 1 3eMsbe PETHOHA U la/be HEMAjy afleKBaTaH Kafiap U3 OBE 00/1acTH, 3aTO
Tpedba odyuutu dopeH3uuke UCTPAKUOLE KaKo Jla TOCTYIajy ca MHCEKTHUMA U
JapBaMa Ha Koje Hauhy Ha yBuhajuMa Kao U 1a KOHCYATYjy GOpeH3UUYKe eHTO-
MoJIoTe TPWINKOM HucTpare. MCKby4HMBO CTPYYHUM MPHUCTYIIOM M TOCTYMakEM
[0 EHTOMOJIOIIKUM TIpoliefypaMa MOry ce 00e3DefuTH MEepOofaBHU U, Ha Cyny
MPUXBAT/BUBH, JOKA3H.
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Abstract: This paper demonstrates the importance of forensic entomology
in criminal investigations and points to post-mortem interval estimation, proce-
dures at the death scene, which are important for entomological research. The
focus of the paper is on entomotoxicology, that is, how entomotoxicology can
help determine the presence of toxins in the body at the time of death when this
is not possible by means of traditional methods. The paper also demonstrates
how insects can contribute to the discovery of mass graves and provide infor-
mation that can help prove war crimes.

Keywords: forensic entomology, post-mortem interval, entomotoxicology,
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INTRODUCTION

The term forensic entomology is derived from the Latin term forensic,
which means of or before the forum, and the Greek words entoma — insect and
logos — science, meaning the study of insects in the forum, which is explained
by the fact that in Ancient Rome, in the event of an unknown cause of death,
the body was displayed in the forum and “ forensic examination”, that is, the
determination of the cause of death, took place there, so it is about determining
the cause of death based on the knowledge of insects (Jankovi¢-Rapan, 2009).

Forensic entomology is important both in human medicine and law and in
veterinary medicine and law. By studying the insects found on or around the
corpse, we can get answers to some questions important for death investiga-
tions, such as the time between death and the collection of insects and larvae
from the body (the post-mortal interval — PMI), the place of death, whether the
body has been moved to a second site, including the cause of death (poison-
ing, explosion, neglect...) (Lindgren et al., 2015). Forensic entomology is the
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broad field where biology and the judicial system interact, because biologists
or entomologists are the ones who collect evidence that will be used in legal
proceedings at a later time. Thus, forensic entomology, like other forensic sci-
ences, calls into question the traditional division of sciences into natural and
social sciences, because the question arises as to whether a forensic science is a
natural or social science.

It can be said that forensic entomology is still an emerging field of foren-
sic science; however, although forensic entomology (hereinafter: FE) has been
around for hundreds of years, forensic entomology literature is scarce and the
number of forensic entomologists is insignificant. Evidence provided by foren-
sic entomologists is of great importance, because the exact time and place of
death, the cause of death, and so on, can be key answers that should steer both
investigations and legal proceedings in right directions.

THE IMPORTANCE OF FORENSIC ENTOMOLOGY IN
FORENSIC INVESTIGATIONS

There more than 1,000,000 species of insects and the number is still not
final; such a large number of species indicates that insects are adaptable to any
habitat and all kinds of environmental conditions, therefore it can be said that
insects can be found in almost every conceivable type of habitat. It is impossible
and pointless to know all species of insects, which is why entomologists special-
ize in a single order or even a family of insects.

Saprophyte and facultative saprophyte insects are of great forensic im-
portance — namely necrophagous insects that feed directly on remains. Within
minutes after death (it is not uncommon for necrophagous insects to colonize
a dying host) necrophagous insects arrive at a dead human or animal body.
According to Byrd (1998), insects will rapidly locate a body regardless of how
it is “protected” — except for those kept in a completely protected area, which
is possible only in specialized institutions. A buried or wrapped body or a body
protected by chemical means is not an obstacle for insects and other inverte-
brates to perform their natural function — help to decompose the body into
mineral matter that will serve as a building block in a new life cycle in na-
ture. The arrival of insects at the place of death is as certain as the death itself.
To take advantage of the potential forensic value of insects and other inverte-
brates, evidence must be systematically collected and processed. According to
Castner and Byrd (2000), for investigators to collect and process such material
at a crime scene, they must know what to look for, and be familiar with insect
biology and anatomy.

Four orders of necrophagous insects are important for the purpose of FE —
Diptera, Coleoptera, Hymenoptera v Lepidoptera (1li¢, 2019).

The order Diptera includes the following families:
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Calliphoridae
Muscidae
Phoridae
Piophilidae
Sarcophagidae
Sepsidae
Sphaeroceridae
Stratiomyidae
Psychodidae

The order Coleoptera includes the following families:

Staphylinidae
Histeridae
Silphidae
Dermestidae
Cleridae
Scarabaeidae
Nitidulidae
Trogidae

The order Hymenoptera includes the following families:

Formicidae
Chalcidae
Diapriidae

The order Lepidoptera includes the following families:

Tineidae
Vespidae

Since in our region entomologists rarely get opportunity to attend a crime
scene, even less often forensic entomologists because there are very few quali-
fied practitioners in FE, it is important that crime scene technicians conducting
investigations be familiar with the procedures related to collecting entomologi-
cal evidence at the crime scene and in death investigations.

According to Joseph et al. (2011), the importance of FE is reflected in the
following:

Assist in establishing a period of insect activity — PIA and time of coloni-
sation —TOC, and at the same time determine the minimum post-mortal
interval — mPMI

Assist in determining the geographic location of death
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- Assistin determining whether the body was moved and whether the site
where the body has been found is the primary or secondary site where
death occurred

- Insects found at the death site can be used for toxicological analyses

- Insect gut content found at the death site can serve as a basis for DNA
sampling

- Based on the insects found, injuries on the body can be classified into
antemortem, perimortem or postmortem injuries

To use insects as forensic evidence, it is necessary to accurately identify,
collect, store, and ship entomological evidence found at a crime scene. Immedi-
ately upon arrival at a crime scene, the procedures important for the entomo-
logical part of the investigation should be followed, which concern the location
where the corpse was found, the possibility of infestation by insects, that is,
their larvae, clothing and objects found around the body (Sharma, 2003). Ac-
cording to the manual by Catts and Haskell (1991), the entomological sampling
procedure itself can be partially invasive in terms of damaging the integrity of
the body (especially in an advanced stage of decomposition), so before taking
entomological samples, photographs of the body should be taken and the body
should be accurate positioned in relation to the environment. It is important
to record all the facts regarding the growth and development of insects — par-
ticularly temperature and humidity, because this can be of crucial importance
when drawing conclusions regarding entomological evidence. The slightest mis-
take in the procedures can lead to a wrong conclusion, and consequently to a
wrong decision by the judicial authorities. For example, a body was found in
the warm period of the year, let’s say, in June, and based on the developmental
stages of the larvae, the entomologist drew a conclusion that death occurred
seven days before the larvae had been collected from the body; however, it was
not mentioned during the investigation, for example, that the body had been
found in a dark-colored car parked on the asphalt that was exposed to sun-
light, where the temperature is significantly higher, so the development of the
larvae is faster, while the main suspect had a viable alibi for a time period of
seven days before the death had occurred. In that case, based on the erroneous
conclusion reached by the entomologist, the court must order a release of the
person, because someone failed to mention, during the crime scene investiga-
tion, a detail important for the forensic entomological investigation as stated
by White (2021).

FORENSIC ENTOMOLOGICAL PROCEDURES
AT THE DEATH SCENE

The collection of entomological evidence begins a few steps from the body
at the death scene and it consists of several stages:
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1. Observation and notation of general scene characteristics

At this stage, visual observation of the site where the body was found
should be made, in terms of the appearance of the site itself, the position of the
body, exposure of the body to sunlight or shade depending on times of the day,
etc. Observation should be made at a distance of at least 6 m so as not to disturb
adult insects because they can either fly away or otherwise move away from the
body itself. The time when you arrive at to the scene is also important because
some adult insects (flies) are active only in daylight. If traces are collected at
the site where the body was found at night, this must be noted because it cannot
be expected to find adult flies. Photographs should be taken of and notes should
be made about all the characteristics of the place where the body was found,
because some details that are irrelevant to the entomologist can be extremely
important for other experts investigating the place where the corpse was found
and vice versa.

2. Visual observation and notation of insect infestations at the scene

The body itself and the immediate surroundings are observed, photo-
graphs are taken and written notes are made about what can be observed on and
around the body, which parts of the body are infested by insects, the degree of
colonization, the forms of the insects observed (adult insects, larvae, pupae or
eggs); notes about the presence of insects in the close proximity of the body and
the developmental stage of insects or the presence of insects that should not be
expected are also made. This is important because it can indicate if there were
antemortem injuries on the body, because in the case of antemortem injuries,
if the time from the moment of death to the arrival of the investigator is short
enough for the body to be infested with insects post-mortem, and infestation
can be observed on the body, this indicates antemortem injuries, and death oc-
curred subsequently. Attention should be paid to every detail that can provide
information to entomologists or other types of investigators (White, 2021).

3. Collection and notation of climatological and microclimatological data.

At this stage, data on temperature and air humidity are collected at the site,
where it is necessary to determine whether the body was found in an enclosed,
semi-enclosed or outdoor environment, where ambient air temperature should
be taken first (if it is an enclosed environment, the temperature inside and out-
side the room should be taken), air humidity in the room as well as outdoors
must be taken. After measuring ambient air temperature, body surface tem-
perature is taken, then ground surface temperature or floor surface tempera-
ture if the body was found in an enclosed environment, including under-body
interface which is taken by sliding the thermometer between the body and the
surface. The metabolic temperature of the maggot mass is also important infor-
mation, which is measured where the largest number of maggots is by directly
inserting the thermometer into the maggot mass. The metabolic temperature of
the maggot mass is significant because due to metabolic processes the tempera-
ture in the mass itself rises, which can be significant because differences in the
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speed of maggot development can occur due to differences in temperature. In
addition to this data, it is important to determine and record some other facts
that may be important, such as cloud cover, fog, smoke, etc. All data is recorded
immediately to avoid subsequent errors.

4. Collection of adult insects
5. Collection of eggs, larvae, and pupae at the scene

6. Collection of specimens (imago, pupae, larvae, eggs) from the surrounding
area 5-6 m from the body

7. Collection of specimens (imago, pupae, larvae, eggs) from under the remains
after the body has been removed

These phases are completed simultaneously, so they will be explained ac-
cordingly.

Flying adult insects are collected out with an areal insect net, by perform-
ing movements above the body in the form of a horizontal figure eight, that
is, in the form of a sign for infinity — o, or by holding the net above the body
until a sufficient number of flying insects is collected. Ground crowling insects
can be collected with forceps or fingers, so as not to damage the insect’s body.
After collecting a sufficient number of insects, they are placed into a killing jar
containing ethyl alcohol which kills insects; then they are transferred into vials
containg 70-80% ethyl alcohol.

According to the protocol explained by Haskell et al. (2000), a data label
completed in pencil on a regular cotton bond paper is placed inside of the collec-
tion container together with an individual insect, while a data label completed
in ballpoint pen is affixed to the outside of the collection container. Both labels
contain the same information about location of adult insects on the remains,
time of collection, location, case number, and the collector’s initials. In this
way, adult insects and insects in all other developmental stages are collected,
but it is important to note that the samples prepared in this way — killed insects
and their developmental stages are stopped and the developmental stage cannot
be completed, but based on a developmental stage, the time of PIA, TOC, and
mPMI can be determined. Eggs of larvae and pupae are collected separately
from each area of the body colonized by insects (body cavities are mainly col-
onized — oral cavity, nasal openings, genital or anal area, etc., the whole body
is covered with eggs, larvae and pupae in the advanced decomposition stage).
Eggs are collected with a soft moistened brush. Larvae and pupae are more vis-
ible and easier to collect; they can be collected with fingers, fine point forceps
or a brush. More than 50 eggs and larvae should collected, which should not
a problem considering their number, and it is important to label the samples
for each area of colonization and record the temperature of the area of coloni-
zation itself (Petrovi¢, 2012). After collecting samples of larvae and eggs, they
need to be preserved by immersing them in hot water for a few minutes or using
previously prepared fixatives. Following immobilization, eggs and larvae are
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preserved in 70-80% ethyl alcohol solution. In order to rear eggs and larvae in
laboratories, living samples are also collected according to the already described
principle; the collected living samples should be packaged in a glass vial with
a piece of dump cotton wool (to prevent dehydration), in case it takes longer
than 1 hour to reach a laboratory. The living samples are packaged in special
shipping containers.

Pupae as the last developmental stage are easy to collect due to their size;
they can be collected with fingers or fine point forceps and they are packaged
in glass vials:

The living pupae to be transported to the laboratory are placed in glass
vials lined with cotton wool or paper, in order to prevent damage to the
pupae.

Pupae that need to be preserved at the stage in which they were found
at the scene, after having been immersed in fixative, are placed in glass
vials filled with 80% ethyl alcohol (Fujimura et al., 2009). For the pur-
poses of further research, larvae and pupae of insects found at the site
must be collected and preserved alive. Further research and rearing of
larvae in laboratories is important to determine the species of insects
based on imago, but also to compare the speed of development with
that estimated development at the scene. Also, development in labo-
ratories can be of importance due to entomotoxicological analyses. In
larvae (maggots) rearing containers, a substrate is placed as a base (soil
or sand), then a source of food (beef or pork liver) and a piece of dump
paper towel is placed into a tinfoil bag (aluminum foil) to preserve hu-
midity in the container and prevented the drying of larvae, food and
substrate (Miller & Naples, 2002). The container prepared in this way
is labeled and prepared to be shipped to entomological laboratories,
which must be notified of the arrival of the larvae rearing container
and to be able to accept the samples (White, 2021). Samples of adult
insects, larval pupae and eggs are collected both from the close proxim-
ity of the body and under the body, because larvae at the final stage of
development will leave the place of their previous life and development
and move away in order to enter the pupa stage, that is, the last stage of
metamorphosis, from which they will develop into adult insects. When
larvae complete their development and enter the pupa stage, feeding is
over — pupae and adult insects do not feed, they only aim to reproduce,
that is, lay eggs.

Documentation of historical climatological and microclimatological data
(depending on the stage of decomposition of the body and the estimated
length of time the body had been lying)

Data on air temperature and air humidity from the desired time frame
should be obtained from the nearest hydro-meteorological station, so that en-
tomologists can calculate the time required for individual insects to undergo
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their development (Gennard, 2012). These data are necessary to calculate ADD
— Accumulated Degree Days and ADH — Accumulated Degree Hours — these
two parameters allow forensic entomologists to estimate the time required for
insects or its larva to reach a certain degree of development based on the accu-
mulated heat during hours or days .

9. Assessment of the ecological characteristics (soil, plant, animals, water...)
at the recovery site

Ecological characteristics can provide valuable information not only to en-
tomologists but also to other experts involved in death investigations.

If it is necessary to examine a body that has already been buried (legally
sanctioned or in order to hide evidence), the procedures are similar to those
described for a body found on the surface of the ground. The only difference is
that soil is sifted from the surface to the remains in order to find imago, pupae,
larvae, and eggs. After removing the body, the soil under and to the side of the
body is examined and sifted with the same goal (White, 2021).

DETERMINING THE TIME OF DEATH

Determining the time of death is of crucial importance in investigations
of homicides and other untimely natural deaths (related to legal and economic
matters concerning insurance, inheritance, the conclusion of a dubious con-
tract...), missing persons cases, in cases when it is not possibile to identified a
person, the time when the person was last seen alive is matched with the time
elapsed since death, which was determined on the basis of entomological evi-
dence. The time elapsed since death is called postmortem interval — PMI. Deter-
mining the PMI can be quite a difficult task because even in the initial stage of
body decomposition when the physical and chemical changes accompanying the
decomposing body are predictable, they depend on many environmental factors
that determine the speed of these physical and chemical processes. However,
as the time since death increases, all methods based on physical and chemical
changes become less useful. In this case, methods in forensic entomology, even
after a long period of time since death, can help to determine the time of death,
that is, the PMI, quite accurately: samples of all the insects present in all de-
velopmental stages are collected from the body found and for which the PMI
needs to be determined, and based on the immature imago necrophagous in-
sects, which fed on the body, we can, based on microclimate conditions to which
the corpse was exposed, determine the PMI, not as precisely as when the period
is short, but an accurate PMI can be determined with an error as law as one day.

Isomegalen and isomorphen diagrams can be used to determine PMI.
Isomegalen diagrams represent the determination of the developmental stage
of the larva since the larva hatched to the stage found depending on the tem-
perature. The length of the largest larva found is measured and the time since
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the larva hatched is determined based on the curve dimension in the isomega-
len diagram. This method is quite accurate only if the body was not undergoing
fluctuating temperature, for example, in an enclosed environment where the
temperature was nearly constant, but if the body was found outdoors and un-
derwent daily temperature fluctuations, the mean temperature between daily
minimum and daily maximum is taken. The specified time is approximate.
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Figure 1. Isomegalen diagram (Grassberger & Reiter, 2001)

An isomorphen diagram is used when post-feeding larvae or pupae are re-
covered from the body, and the last metabolic stage of the pupa-to-larva trans-
formation remains. It is especially useful when larvae that have already left the
carcass they were feeding on are recovered from the body. Based on all insect
developmental stage in the diagram, from egg laying to the transformation of
a pupa into an imago, the period from egg laying to the developmental stage
observed can be determined on the basis of the determined temperature of the
environment, or the mean temperature per day due to daily temperature fluc-
tuations.

The second method is based on the succession of insect species that inhabit
the decomposing corpse, because it is possible to form models for which insect
species inhabit the corpse and in what period depending on the PMI, but the
formation of these models requires a comprehensive knowledge of the insect
fauna in a given area.
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Figure 2. Isomorphen diagram (Grassberger & Reiter, 2001)

Factors impacting the development cycle:

1) Temperature and seasonality — the growth and development of insects
is temperature-dependant, but due to normal distribution, temperature
values for individual phases depend on insect species. We distinguish 5
points:

— cold death point, where development is irreversibly interrupted and
the larva dies (these values are -10 °C mo 0 °C)

— cold stiffness point, when all developmental processes stop, but with
an increase in temperature they will continue — hibernation

— optimal development point is said to develop the fastest and the op-
timal development values are 22-26 °C

— thermal stiffness point, as temperature rises above optimal growth
and development slows and stops and protein coagulation begins,
warm stiffness is irreversible and very close to the warm death point

— thermal death point is the temperature at which proteins coagulate
and death occurs.

Depending on the season, insects in certain stages of development can en-
ter the cocooned larva or pupa stage, when in that stage they spend a certain
amount of time in hibernation, waiting for a season that is favorable for their
further development (Vasi¢, 1971). These data are important because, based on
season and temperature data, one can predict and determine the time spent in
certain developmental stages of insect species, as well as “abnormalities” relat-
ed to accelerated or arrested development due to temperature effect.
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2) Presence of a maggot mass

If a number of larvae is large enough, the so-called maggot mass is formed
where, due to the metabolic processes carried out by the larvae themselves, the
temperature is substantially higher than the temperature in the environment —
this is important during cold weather when maggot mass temperature can devi-
ate significantly from temperatures in the environment. In the case of a maggot
mass, a complex phenomenon occurs and the oldest larvae develop faster. Based
on the metabolic temperature of a maggot mass, the larva development period
that developed preferentially can be determined, because the development pe-
riod would have been significantly extended if there was no effect of the maggot
mass temperature.

3) Food type

Some larvae found on the remains do not feed exclusively on decaying an-
imal organic matter; some larvae can also feed on decaying plant organic mate-
rials, or only on plant matter, and some larvae have even been found feeding on
any food type and even on paint. This is important because the larvae of insect
species that are facultative necrophages can be found on and around the body,
so based on knowledge of the specifics of the diet of certain insect species, some
answers can be found that are significant for the forensic entomological inves-
tigation itself. Sometimes insect species that feed exclusively on plant remains
can indicate facts that are of interest for the investigation, especially if there
is a primary and a secondary site, and when the primary and secondary site
should be linked.

All these factors indicate development rate and a diet type of the larvae
of certain insect species, and these are facts that can provide the entomologist
with enough information on the basis of which he can determine the elapsed
time since death. According to Wells & LaMotte (2017), there are computer
programs hat simulate insect development and thus provide data to entomol-
ogists about the length of development up to a certain stage. All this can help
to determine the PMI as accurately as possible. However, insects don not only
play an important role in determining the PMI; necrophagous insects have a
much wider importance in FE, and they can, as silent witnesses, provide a lot
of information on the last moments of people whose fate is being investigated.
We can find out from the larvae of necrophagous insects not only when death
occurred, but also, in some cases, the cause and manner of death.

ENTOMOTOXICOLOGY AND THE PRESENCE OF
PSYCHOACTIVE SUBSTANCES

An autopsy is ordered when the cause of death of a person whose body
is found is unclear or it is about a suspicious death and available body fluids,
blood and urine, and tissues if necessary, are used for toxicological analysis
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This is possible only if the body found is preserved, but what to do in a situa-
tion in which the decomposition of the body has advanced and is in the stage
of active decomposition or even skeletonization. In this situation, the larvae of
necrophagous insects or adult insects found on or around the body can provide
the answer. In cases when only a skeleton is found, meaning there is no tis-
sue to analyze, no living larvae of necrophagous insects, no living imago in the
close proximity of the skeleton, insects are the ones that can provide answers
by collecting cast larval skins or empty pupal cases during the molting process.
In the skins and cases, which should be carefully analyzed in laboratories, us-
ing chromatographic methods, according to MiloSevi¢ (2022) (immuno-chro-
matographic tests, gas chromatography, gas chromatography, headspace — gas
chromatography with) the presence of toxins or drugs can be found, which
could have been the cause of death of the person whose skeleton was found.
Toxins and/or controlled substances are found as accumulated and unmetab-
olized products that insects ingest while feeding, and as harmful, rather than
non-nutritive substances, they are accumulated in the insect’s body, and thus in
the skin, which remain after the development of the insect larva is finished. Ac-
cording to Sohal & Lamb (1977), insects have inhabited the world much longer
than all mammals, so during evolution they have adapted even to the presence
of heavy metals. Heavy metals, especially mercury, can accumulate in organ-
isms, which may lead to the death of a warm-blooded organism, and as such
the body will be exposed to decomposition. Larvae of necrophagous insects will
arrive at the body and feed on the tissues containing high mercury concentra-
tions. The mercury ingested by insect larvae will be retained in their organisms
and based on the mercury content found in the larvae, poisoning death can
be suspected; however, caution should be exercised when deciding whether it
is poisoning during the analysis of larval pupae and adults. If only pupae, or
only imago, were to be analyzed, the concentration of mercury and other heavy
metals would be significantly lower, because insects have the ability to partial-
ly eliminate heavy metals in the larval or pupal stage. In addition to mercury,
recent studies demonstrated similarities with the concentrations of some other
metals — iron, zinc, copper, lead, etc. The concentration detected during the
analysis indicates that metal poisoning should be suspected. Utsumi (1958) ob-
served that, while studying housefly larvae, adult female flies behave different-
ly toward rat cadavers depending on which poison caused death. In this study,
no further research into toxins in the larvae was conducted, but it was indicated
that insects easily detect the presence of substances that humans are insensi-
tive to. Although research has been conducted at the Fraunhofer Institute in
Hanover and Braunschweig, Germany, it is still not possible to determine, based
on the toxin concentrations in the larvae, whether the toxin is the immediate
cause of death. It may lead us to think that it is still not possible to convert the
concentration measured in the larva to the concentration in the body of the
person whose death has been investigated, because no certain correlation can
be established between the level of the toxin found in the larva and the level
of the toxin found in the body in the moments when the larvae used the body
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to feed on, but the presence of toxins in the larvae can indicate what should be
investigated because sometimes something may arose sufficient suspicion to
conduct a more detailed investigation during which overlooked details can be
noticed, which can provide an answer as to the cause of death. The importance
of toxicological analyses of larvae, cast skins or pupal cases lies in providing
answers as to whether the person whose death is investigated consumed certain
substances or not. It is significant that the skin shed by larvae and pupae during
the molting process can be found in a preserved state for a long time after the
decomposition of the body, therefore we are not limited in time as in the case of
larvae that can only be found during decomposition. If psychoactive substances
are present in tissues and blood, the same substances will be found in larval or
pupal skins.

Human medicine deals with how certain substances, specifically cocaine,
affect the human body, but what is important for FE is how cocaine can affect
the development of larvae. In the study by Goff et al. (Goff et al., 1989), it was
determined that if larvae are offered liver tissue containing sub-lethal and le-
thal concentrations of cocaine, the larvae that consumed the sub-lethal dose
of cocaine have approximately the same period of development, but the larvae
that consumed significantly higher concentrations of cocaine (a lethal concen-
tration or as twice as lethal) develops significantly faster. In both cases, pupal
development duration was the same for both groups of larvae.

Forensic entomology has the possibility, but also a scientific and moral ob-
ligation, to provide answers to questions concerning human remains, because
the family, society and the general public have the right to know how a mem-
ber of the social community ended his life. These questions are much more
complex than PMI, therefore forensic investigators asked to provide answers
to the questions of where the death occurred, how the death occurred, whether
the diseased was tortured before death, sexually tortured, whether there were
indications of abuse of narcotics and substances, and so on. These and similar
questions cannot often be answered by forensic investigators, therefore experts
such as forensic entomologists, forensic pathologists and other experts must
be included in the investigation. According to Rasmy (2008), insects as silent
witnesses can provide an answer as to whether there was antemortem torture,
because the victims’ hands are usually tied, they are often unconscious as a
result of the torture, so they cannot defend themselves against the attacks of
the flies that can lay eggs on fresh wounds or natural openings of the body.
Thus, the presence of wound scabs and myiasis on the body (infested with fly
larvae antemortem) indicate that injuries were inflicted antemortem, which
indicates torture. Insects can often provide answers as to where a substance
comes from. For example, when the Drug Enforcement Administration — DEA
seized marijuana packed in a so-called “brick” for which none of the suspects
claimed responsibility, and an insect larva was found on the packaged marijua-
na, they called in entomologists. In this case, the task for the entomologists was
easy because it was determined that the type of insect larva found lives only in
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Colombia, so it was easy to link the perpetrator who traveled from Colombia to
the drugs found. In cases when a completely decomposed body of a woman was
found, it was necessary to determine whether she had been raped antemortem.
Due to putrefactive changes, it was not possible to extract the semen of the pos-
sible rapist; however, the DNA of a man was extracted from the larvae found,
which indicated that the victim was also raped (Rasmy, 2008). Insects can also
provide answers in cases of mass graves, whether the grave found is an original
primary grave (the term original primary grave means a grave in which bodies
were first placed after death, which has not been excavated and the bodies have
not been moved from it), or a secondary or tertiary grave (the term secondary
grave means a grave to which the remains of victims were moved from the pri-
mary grave, often with the aim of disguising the crime and making it difficult
to find and identify the victims ). It often happens that after the crime has been
committed, in order to disguise it, bodies are moved from the primary grave to
the secondary or tertiary grave, and those attempting to disguise their crime of-
ten make “mistakes” during the relocation of the bodies, because new fly larvae
invade the bodies in the advanced stage of decomposition, which have already
been buried once. It is impossible to encounter fly larvae underground, which
indicates that the bodies were in the light of day and they had been moved. FE
can provide answers related to terrorism. According to Cruz (2006), if a plane
crashed and there were no survivors, and it is unclear how the plane crashed,
by examining insect larvae we can establish whether there was an explosion.

investigators- explosive

chemical human corps
= -
M

insects
and larvae

Figure 3. Explosive detection cycle (Cruz, 2006)
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Specifically, traces of explosives will be found in the system of digestive
organs of the larvae, because the bodies were blown up by the effect of py-
roclastic impact due to the explosion and part of the burned and unburned
explosive particles remained on them. After feeding, these same particles can
be found in insect larvae or cast larval skins during the molting process, which
can be preserved for years at the site where the traces were found. It was this
method, that provided the answer as to how the Korean plane crashed in 1983,
because the Soviets did not want to accept responsibility for shooting down the
passenger plane, but the larvae found on the remains of the victims provided
evidence there was an antemortem explosion and traces of TNT were found
(English, 2022).

FORENSIC ENTOMOLOGY AND WAR CRIMES

It has already been mentioned that FE can provide answers concerning
war crimes indirectly. If a mass grave is found that is suspected of containing
victims of war crimes, it is first necessary to determine whether it is a primary
or secondary grave — this answer can be provided by necrophagous insects be-
cause there is a precise succession of species as the body decomposes. Thus, if
insects are found on the bodies in the advanced stage of decomposition, which
primarily invade fresh corpses, it is clear that the bodies were moved to a sec-
ondary grave in order to cover up war crimes. Also, before the excavation of a
grave site suspected of being a mass grave site, the fauna of the specific area
should be thoroughly examined, because species that “do not belong” to the
specific location can also be found. According to the data obtained by Jugo
and Muzaferovi¢ (2008), mass graves vary in their dimensions and depth. For
example, graves over 8 m deep were dug in Bosnia and Herzegovina, and since
mass graves were hidden, the most demanding task was to uncover mass graves.
What was observed in the search for mass graves were the so-called “geophysical
anomalies”. In the search for mass graves sites suspected of being mass graves,
a large number of blue butterflies were observed. Margaret Cox explained this
phenomenon described as a “geophysical anomaly” — it was observed that mass
graves were mostly covered with Artemisia Vulgaris, a species of plant (mug-
wort), which these insects feed on (Cox et al., 2001 ). Areal images, according
to Redmon (2019), showed that parts of the land on which mugwort prolifically
grew show geophysical anomalies — the soil is slightly warmer than the envi-
ronment (this is explained by the thermal energy released during the decom-
position of organic matter). The soil where mugwort grows is richer in nitrogen
than the surrounding soil (this is also explained by the nitrogen coming from
the decomposing body), the geophysical structure of the soil has been changed
(digging the soil to bury the body changes the soil structure in the sense that
the soil is no longer as compact as before digging, but also the layers of soil that
are at a greater depth appear on the surface, primarily clay). The presence of
mugwort can be easily noticed by observating blue butterflies, which pollinate
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mugwort, according to Warner (2004). Insects only signal us where the remains
of victims might be found and where we should investigate, because the pres-
ence of mugwort and a blue butterfly does not necessarily mean that a mass
grave containing human remains is there. All the aforementioned geophysical
anomalies can also occur due to the burial of organic matter that does not have
to be human (for example, by burying slaughterhouse waste). Certainly, geo-
physical anomalies and the presence of mugwort and blue butterflies can be a
sign that something needs to be investigated, because there is no perfect crime,
there are always witnesses, it is up to people to notice these “witnesses” and
understand what they are saying. Blue butterflies signaled mass graves in all
climates, and they were observed in Rwanda, Sudan, Iraq, Bosnia and Herze-
govina, Serbia (Cox et al., 2008).

CONCLUSION

Insects and their developmental stages can provide answers to questions
that are important both for individual criminal cases and very complex cases,
such as terrorism and war crimes. Forensic entomologists are employed in cas-
es in which the cause of death of the person whose body is found is unclear,
because the behavior and metabolism of insects may provide investigators with
answers they are looking for. The involvement of forensic entomologists in
criminal investigations will not solve all cases, but we can certainly expect some
answers. The importance of forensic entomology is growing, and training in fo-
rensic entomology is organized throughout the world. Serbia and the countries
in the region still do not have adequate staff in the field of forensic entomology;
therefore, crime scene technicians and investigators need to be properly trained
to deal with insects and larvae encountered during investigations, as well as
to consult forensic entomologists during investigations. Only a professional
approach and use of entomological procedures can provide authoritative and
court-acceptable evidence.
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