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Human decomposition is a complex process
abi oGacl oway, &0 92300.5Me gGoefsfi, 2aBD)biwvwa i ¢ fact
(Pe®eha2a01.3; @ab2a0ph; ™Met2a0all5f)l n forensic sciert
under standi ng tihsirsuccioamhp [feoxr pdreotceersnsi ni ng post |
post mortem submersion intervals (PMSI), caus
post mortem. Arthropods play a significant ro
colonization paftarematsi @m ofvordef avridradi @ ni nvest
human decomposition directly is often | imite
why ani mal model s sueld as prgsgsiesedaoemmont he

skin comptomuscloam,r dtait o(Mad md zgethypakl) 0ol D gy

Gl obally, studies on human decomposition hayv
climates and environmental conditions. Howeyv

patterns can vary signif i(ckenntglhy , mAtRvBaayn r ceigfi fc

specific studies essential. I n South Africa,
uni que chall enges and oprpaor tewmaingpnsest f onsf bete
subaeri al (terrestrial) and laqguwat itd reruwgihr ddn
events, can dramatically affect decompositio

1. Research focus

Remains in natur al settings can transition

~

submerged in water) environmen(Est cchetatto f ac

2016;etbad2y0 1@r ought, tides and dri f(falnfgatoif r e

D

t 2804)L. These transitions create uniqgue condi

arthropod colonization can differ significan
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environments, for eamdepripe, madgxuysgernw dlespcloentpioosn ,t
alter the arthropod community, while subaeri
due to higher temperad uwelsl andd swleeslFo rdalo dxy
exampPl egptn(&10.12) found that when key scavenge
ecosystem, it took | ongersufgagresdarnoga stsheast tsau bl
scavengers play an i mportant rHdwevienr ,efdfe cDoe
et (1014) conducted a stseduveshesedqduesemaiaed ar
among the 52 sequestered bodies examined, mo:
Decomposition was mostly |l ocalized to areas
hands, where clothin§idnd o0btiptemsadviepmgewst

were observe(ddeae niedmadld )ar eas

Al t hough decomposi tsiubmmedyimad mineng nit s Htawviec bleer
studied and strictlygl amamtafalemiva ad gohn mMeenstss thha
than theh&tmeemmaems a striking | ack of e@mpiriceé
transitional context, wherénbdodresnsmeveone¢tw
remai nsx mpdrnieemnce environmental transitions,

washed from i nl anidntientoiedvaalaltyedbody ensgf i @nder s
applicability of st alnrdaadrid idoencao mptoosoiltsi o ni kneo dt €
(Megyets i2a0lpbot al Aquatic DecompozZdid)on &Smcdr e (
Accumul ated Degree Days (ADDS}J tiece rceo ndde vt e loonpse d
may estiinmaopemecrtt ems{( PMé)vawhen remains transyvce
aqguatic boundari es. l nvesesgatrogsheawcbHdetomp
t heref of erad rciutl iad afPrMJ e sdcaommaddwtngl vy i nterpret.i
evidandeguiding recovery procedarescvem, ciompl

regions such as South Africa, whereg sreemaitntg r
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(vedgt ed areas, r esiedesd,r ofnamtem& seand aguwmatidc f o

relevant taphonomic, entomological, and deco
forensic identificat iFounr tahnedr makrineg,t iwhgi Iwee ceb ns t
Heaton et al. (2010), van Daalen et al. (201
has focused on bodies directly from water, Ww
decompose in one enviroamenhhebgédphesbpangi du

concerning given t hesewnfelreadiimg wemtuse nweoyr lod
South Africads Durban region endured the mos
with hundreds killed, thousands displaced, a
housing (Naidoo, 28d®223dnd OF&rwelr5® mpeper tee d i mi

bodies were recovered weeks and even mont hs

Durban man, Jayi shwangBianjAapraill ,2W22, weat e mo
nearly two years |l ater in | ate 2024 when reb
(Mar-Malaadraj, 2024). Additional gl obal exampl
compl exity inherent ciars etsr.,ands:i tNii greali aersv i2rORrbn
death toll was 153 with bodies discovered un
(Egba, 2025) . I n central Texas, 2025, at | ea
River over tee&kehtdh &Af miglsyng camp counsell or

remains were found seven days after the fl oo

Theseworreladl events reveal a disturbing patter|
di spl acedwatemnshBolmaaaries, remain unrecovere
complicating decomposition assessmeaés and P

the necessity for forensic models to account

study aims to fild/l a critical gap by experin

Ac nNal© w



progresses across aquatic and subaeri al envi

forensic practices in regions with dynamic e

2L1I terature review

2. Decomposition Dynamics and Art

Human decomposition is a complex biological
death, involving the systematic breakdown of
returning nutrients to the enviraommhento. tAritsh
process as they are drawn to decomposing ren

reproduction.

Decompsdiatgiesn can vary depending on environme

enviracmmerbte divided into five stages. The fi
(autolysis), occurs Iimmediately after death
enzymes. Cells break down, releasing enzymes
Morea010). This stage is also characterised

dar k-gbkeee discolouration (Saukko ,amd OKDi.g hrth,i

di scol ouration is due to the anaerobic bacte
venous system. Skin slippage is also a commo
tissue | osing its anatomic integrity.

The second stage is known as the bloat stage

first fewmodbgmd Pastng this stage, gases (hy
and carbon dioxide) producedcadysdatcherhady nt
and bl oat (Michaud and Moreau, 2010) . The b
the soft tisesatuesoi nbhetgastr ¢ Shkrum and Rams

features include amwekldenlg, odr dthreu aibam mefn t he
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|l i mbs, greenish discoloration of the abdomin
nose, and ears (Rodri ceueia9d89d Bhksumlasad,; R&m
Mi chaud and Moreau, 2010). This discolourati

settl|l edsshlll®@@d ( Va

The active decay stage iIis characterized by s
|l eading to the coll apse of the body's struct
et 1a918.9,; Michaud and Moreau, 2010). This dec:
decomposition with partial bone exposure, ai

(Saukko and Knight, 2015).

The advanced decay stage foll ows, marked by
primarily bordaw,demgaiardjabdnmred maarer i al s. During
mi gr at e awawyf rtaom ptulpeat e ( Mi chaud and Moreau,

in beetle activity as they feed on thk.dried

At this stage, the decomposition process may
mummi fication, which canolryessiusvieni hotslseopr & e
organs, often exacerbated by insect activity

t hat appears wdxyk,e gwietahs yaf ecahnadllkoyuay 1t devel
the enzymatic aadtieiity of aeamdegemows bl i pase

(Shkrum and Ramsay, 2007) .

Mummi fi cation is a variation of decompositio
replaced by the transf érlmatki,on eaft hteregy sk isms ui
results from a combinati on cafsstilben dds ibaacdteira
activityt AMbachaukko and Knight, 2015). A

mummi fication to occur, and this can resul- t
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over the entire body HoSvlekrum and sRams ay be2 @

justom How humidity environmemtdi ahdtowphdys a

havefdoenctmummi fi c@RFiimau q@lst ywed fFdu r Mcdhrerrinso,r e2 0 1t Sh

excl usiothr odeammnmposi ti on may also play a rol

subterraneafDerviandn @6 A saentd. aala2waly9 )

The final stage is known as skeletonization

mummi fi eslapgerssiuets (Rodriguez eanthld8@ssMi AdB83d

and Moreau, 2010). Arthropods may continue t

ganic matter in the surrounding area. This

decomposition not only highlightse tuthdebsobog

critical role of arthropods in recycling nut
Decosmipti on in aquatic environments foll ows a
diverge in both pacetaendldmcmopmpoBsagesidofmrom t ha
Zi mmer man and Wall ace (2010), aquatic decomp
sequential stages: submer ged vfarnecsehd, fd aoraltyi nfgl

and sunken r emaifnrses h ns ttahge ,s utbhree rrgeedatienns und

chanugnedser water, with I imited insect activity
breakdown @marctuimud ladzet, mer or still water, the
floating stadeceyWebeyghsings it to the surfa

accelerated soft tissulky bageu&ktdioovns aaade sgie1f aa,c

accompanied by skin slippage and tissue | oss

pr

an

ogrleess vef soft tissue and emergence of ad

aerobic conditions (Bhkriomvaod RamsawnwpodO ]

the sunken remains stage, much of the soft t

S

nk as skeletal r Ganraui snosWab?afcloGmke?2 X p)os e d (
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When comparedetompesresbonj abquatic environme

putrefactive processes due ta@avaaddladri Itidmpe wd

enabling processes that are | ef£Laucsmmor0d®) I
Teeggtrially, decomposition follows a more pr
mi crobes asdc @ae & dhic@mtodasetc oanpwatiitd on i s al so
heavily by buoyancy dynamics, waaheerchemrseht g

salinity and pH), and GCsacrauvsearivpi2rigdl icBapl 2.8,quat i c

Guar edc2all25,)

Art hropods, particularly insects, play an in

and accelerating tissue breakdown through f e

( Voests 2a010.9,) . These activities expedite the br
accelerating the decomposition process. Addi
of remains through burrowing and engage in n
decomposition. The study af cruseat <¢wodedDiIro

PMI ,t hees patt er nsseptetcsipeesc icfoilcomiczatvi 6y amdat dei
body is closely |l inkednd®Ct pe(obdesisgBO.Hf deco
Mar et n2a0l1.9,)The prresemacpph aq@aufs iarcda ovtig i ckisr ect |y
the speed and extent ofeto0dR010ssuledompdksiom
provide a rich source of nutrients for wvario
decompositi on tphpeat & s nasr 3 thu dyiomdgtc oolnd nyi zaa tdiso n
determining the PMI but al so underscores the

decomposition ecosystem.

Whil e decomposition has $ekbaerexadwastivel vy stu
environments, transitions between these sett
instance, boduiukast amoadpwatifiromnvironments, ofr
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experience altered decomposition rates and a

transitional phases remain underexplored.

2. 1Valr.i abl es that affect decompositio

Decomposition is influenced by both intrin:
ori gi natree niaribnesms¢abredr eisncl ude el ements such as
i ntegrirteynaofasitdhae he presence of any di seases
(Campodta 2D THhese factors can affect the rate
decompositibPanr oexampsl e, the age of an indiwvi
decomposition. Putrefaction haisdbales, sbooim a
foet uses schuwe nteovbtoren absence of( Gaidkesuvel RPOMD)
Studies conducted on both humans and pig mod
fat) does not play a notable role in decompo

greater eeftf 2a6l9.0,( M8entm@aedl a.s, ; Matetsaean@k®eit Mason

al, 2022). More studies into body constitut
effect it has on decompcaematienfeanr g atte .t Mé es ti att
body Tihsgpeaan .wounds all ewi homndxDéephalk abaot ent

speeding up decomeb.s,altd®nhl)(.CaFfprotblaesrsmor e, de

more rapidly in individuals who were emaci at
asphyxia, as these conditions promote bacter
( Campodta 2BO.HQ)wever, it should be noted that
presence of penetration injuries has a | i mit

Si mmonsSmi20HiL,0;2014; Bat es saath @QOISBy9ic od b ¢ s 2I0d G e

i mpact on the pattern of decomposition
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On the other hand, extrinsic factors are der
the body. Thesehumec,dudaixgp @ seurpee rtad uswen!l i ght , p
and the specific | ocati onrtwhaed e Gahd obmadyy 119 ¢
Me g yeets i2a010.5,; Goff, 200@e;t 2@E3;, @A@UZRQAHW®echal

Met aetal2d0l 1.5, Temperature has the greatest infl
and Moreau, 2010). Temperature directly inf
enzymatic reactions responsible for the deco
decompgom:i rates are higher during the summer
Bodies discovered during this time tend to b

(Rodriguez and Beatsk®I18.9;9 8 MaladA®a0)]; | edbvhaind 8 3 ;

Komr , 1908 wsehaarP00O8). The el evated temperat
putrefaction rates, more rapid colonization
Studies done on decomposition rates in winte
( Stlmawski28/08) . These col der temperatures r es
of biochemical and bacteri al activity. Furth

arthropod activity as weld .a®88mprtality of n

Moi sture significantly i mpacts the decomposi
manner in which Tdhebaondy sdacempondxe.nt of t he &

regidawor ski and Hielcesszid@sking 2thke3)heed for

| n g ehnuemeadlv,i r onments accelerate decompositior

bacteria and fungi, essentieal 1a018.9,) br BEagheg d
moi sture |l evels enhance microbi al activity,
moi sture attracts certain types of insects,

maggot activity and a@Gicled 5 ®&t2i0n g stuiggsewsd eldr e d
humi dity serves as the primary inflomemacirmomngsf
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bot h sMoaissonssr.altseoc csemliedr at e mi crobial activity

in humid, warmet, al9mad}les ( Mann

A moi st environment refers to conditions whe
saturated surroundings are preseilHaglbuuntd t he
and Sor.g,l n2002n)t rast, an aquatic environment
compl ete or part@Halglaumdiefsi.@ T hied Kyt a@n fferer

the | evel of water exposure and its effects

The environment itself can affect the manner
enviro-rsumdratesacpudat i cwi Bhdhbuei edeir own set o

effects on the remains.

2. 1SRbhadecamMposi ti on

Subadecamposition occurs on | and and is in
insect activity, and scavengers. Key indicat
and developmental stages of insects, aanldgor n
physical changes such as skin discoloration,

Mor eau),. 20l1lglor mortis 1 s the eqguwiclewist bbeye whi ¢
ambient tlHdempes ¢ uamd (TNaed ebag,dbyrddBitdetdh. envi r on mer

temperature due to. tAferenoreéegat atitomeclkeady ngt

met abolic heat, and heat | oss continues unt.
envir olnhnee nnrtat e of cooling can be influenced
temperatur e, humi di ty, clothing, bdeyssgee,

and Madpa, 2004

Anderson (2011) conducted a study on the dec

conditions, finding that such environments a
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attributed to exposure to direct sunlight, r

fluctuati ons.

S| weits(21023) i nvestigated the decomposition o
environment in the Netherlands and found tha
winter season. This sl ower progression of de
obsdrve the subsequent spring season. Additi
the small cadavers in both winter and spring

et (1010) -Amaredd 2:00.18) , who bdbhosantved tshatget he
and | asted |l onger during colder months. The
from spring, which have already passed this
|l eading to inaccurianei esd nicre detad @m®i8rGian d otwraeg t
investigated human decomposition using cadayv
rainfall slowed decomposition rates. This de
moi sture, preveantnifnag Ad éabbgsdooatpi oosni.t iRkon by alt

colonization ortt m@d9®6MmMai Add( Maanally, resea

moi sture exposure |l eads to the formation of
(Mant and Furbaek 18B9%7; CGalslegwawntl y, in aqu
formation of adipocere is commonly observed.

Despite advanc&sbiadermdnprost amodinng key gaps r e

whil e i nsect s uc edeoscsuinoenn tpeadt,t emmonsst &ntduads eelisla If o
environments, | eaving transitional or fluctu
underexplored. Addressing these gaps i s esse
estimation in diverse and changing ecol ogica
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2. 1AQ@uatic decomposition

Me

r e

19

af

f a

t e

t h

co

Th

de

An

Bodies found in water do not exhibit the
di cal parameters suchmwmsclad gotri fmfoantiimsg afitg
suddenofsi ne trbplkeasploane (SESMTR)h and Bendall
7,3)3dnd | (waopamaeili vies process that causes bl o
sulting in a daOlkh pes kpdOldaOge saloil evedthbhynadgu
vironmeett 8300t r M&Gr eover, the dulnoatuaeti on o

enariossidfhdcpodbsees i n ets2@ldd) shing PMI (Pe

tablishing PMI in an aquatic environment i
fecting decompPadbiasicdmi cngep d2@AEAOtHPboi dent i fi e
ctors such as currents and tides, dissolve
mperature, and debris as potent(@BI05)nfflowern
at the rate of decomposition decreases wit
rroborated by similar déti.028l0a93 BndsCaduss
usp,toniesubmerenghy influences the forensic
composition ssaudcire g.e sWhirclodn dduecaipehl oy tHh oti s
derson (1999) has provided i mportant biolo
e not representative of most forensic reco
cpoagisver, dasmsqgr eanwlatneray ( Anderson, 2011;
all ow submer si oanr aecntveirrirosmente nbtysd waaroer ec hv ar i a b |

mperatur es, greater potential for i nsect a

i stuf PiamkcerHeoa e®28060.),. As such,-watedies of s

composition are more directly applicabl e t

cover eds da oam mdteeexpt s .
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aton&l0.10) study on postmortem submersion i

composition in aquatic environments foll ow
cay. These results were first seen by Hobi
t o aftreers hrvel ated deaths in British Columbi a
udy revealed the challenges of accurately
en prolonged i mmersion occur sl.asMo stti nrPeMl tsh en
ceased was seen alive, a method that may b
e study highlighted the | imited use of ent

formati on aboutSultheandankeqgsatnice desadd. ilnn t
ccession and insect evidence were rarely d
aining in the collection of aquatic invert
s er v ateicomsp edbfianigesf r eshwat er bodies, includ
idence, to enhance the acdurteaeady dcfatmhMIl (eHsotl
dersomowe®B®¥).i os and Wol ff (2011) providec
composition in aquati c ednevciornopnaeiantsiesg n ii d emit
rcasses placed T efirre selxwatnalre de ccd sayssstidgmsc.at i
mpl exity of aquatic decomposition and sugg

r imegf iPMI esti mations in submerged cases.

ruso (2016) examined decomposition changes
vironments, confirming that decomposition
ce the body is removed from the water. Thi
ndiugc tpiost mortem examinations promptly aftel
S recommendeed( @0 Dolamakf urt her supported

sear ch.
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Tomberlin and Adler (1998) studi ed Rahtet udse c o m
rat tjusc alr.r i b aam dbaddtghuat i ¢ ¢ o\ iwsne mbmefnft esr eanncde s
bet ween summer and winter conditions. They f
species colonized the carcasses in both envi
of blowflies weulka®dised syals onantdheno insect ¢

t he s

c

bmerged carcasses. This study highligh
colonization of <carrion, iilclsusatratisng idif ®triem

t he vy

D

ar (Tomberlin and Adler, 1998).

Anderson and Bell (2016) | ooked at decomposi
focused the i mpact of marine submergence and

decomposi tLiysrms i cdnmgpeisqphadmsi | y Lysapadhgscdhehi z

the carcasses, | eading tbreemnmpystedtbleelet oni
these amphipods significantly depleted | ocal
ot her marine fauna. I nterestbogl pbefbhe akphi
from the inside out. Seasonal differences we
covered in silt, while fall carcasses remain

shrimp. Although shar ksd nfged hen stphrd negx pdeespd d ya
amphi pods remained the dominant force drivin
findings contributesealuaphenomg, ghitghli inglt id
marine environments on tdremidreg ofmproesn sii o nr ga @

strategies in aquatic contexts.

All ey (2007) investigated how decomposition
freshwater environments wusing pig carcasses
f ocdosne answering key questions about how chl ¢
decomposition, and what additional factors n
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del ayed the onset of decomposition, with sig

c

c

S

hl orinated water. Additionally, trauma alte

hl orinated environments.

legti.(20l8Byesti gated the potenti al use of <chi

nvol ving bodies found in aquatic environmen

Buenos

—

—

e

Aires, Argentina, where tiCeipoéeopnsce

n@oel di chironomuwasotdopumsenned remag ufkhneer ge d

(0]

al o

f the study was to explore whether the

ostmortem submersion interegnalf¢PMS$)coquesD

S

wh e

ther the bodies had been moved post mor

hCer i c oa m@owed di ¢c hg emeiroanusar e not true necroph

ecaying organic mam&ieansherr dihafni Itrh eo b otdlye i t s

h

n

\

em |

viro

ess reliable as indicators of specific

nment al conditions at the scene of de a

(@]

e of Thkii$ ti whb dowdbad dspeci fic requiren
e and because odhithesemesmelca gds aaemudir
n aquat$Saetemeg®|rdindnEnnh,E IsotOu2d)y suggest s
omids could be useful in determining w

s andlWol fdehn(td@®@indiomi dt heir study, specif

iated with the submerged phase of aquat

tudy by Guareschi and Magni (2021), th
rn Iltaly was investigated, providing Kk
ation i mqa@uatci enand onnenmint sa. fT hoeo db ondgy ,

was uncovere@al hi podrilaadova®toamd arcaf tby

(Dol omedes) fimdrkiangst he first recorded inste
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rtem submersio

d

t

n interval (PMSI ) in

o the formation of early stage

rredf fve days

a

p

t

o

before the body was

re | i kely attracted

t to the fotriechysi emepmda vimod d gtyh i

oach, integrating ta

probabl e cause of death as suic

e teaddpyhdd obelevmtter dans showc a

dynamic environment

the challenges of d

ty in faunal col oninfatifén aodlég

s, aquatic decomposi

arly in drowning cas

ge when comparing de
e, Alley (2007) demo

o freshwater, with t

i ngst (WA i9t) i ocmailrrloognuar®vidsrei as pot ent

submersion interval
ati onsnalediurcsee dth ed wi

hat whand RMSilatic 1n

t hei-de pagormpd e ncta bannd twariise sc osnitgenxitf

ft spiders we
ec

i plinary appr
e

hat

posed by such
) .

e highlighted
|

se difference
ons, particul
ons al so emer
S . For exampl
on compared t
of postmortem
phagous | i mit
ngs suggest t
al conditions.



Overall, while aquatic decomposition researc

especially in derewmitregd cdhaosmd s i adre swatsargni fi cat
colonization, seasonal effects, yanodd ePnMli r onm
estimations. Addr es sisnpge ctihfeisce sgtaupdsi etsh raonudg he nri
met hodol ogies is essential for improving for
2. 1Trdansi ti onal environments
Transitional environments in decompositio

forensi c Tthepheo reonmoiarnc thi@e mtcs eri zed by fl uctua:
as exposure to intermittent wetting and dryi
process in complex and unpredictable ways. C
i n such setdiingg st,h eu ntdaeprhsastnaonrmi ¢ processes t ha

crucial for improving PMI iexntimations and fo

Du Tai(t2l024) conducted a study on the influe
in Highvel d,he3outsh uAdfyr idceamonTst r at ed that exp:¢
increase in Tot al Body Score (TBS) values, e
Additionally, rehydration was associated wit
accelerating the MAs eada&sdomwinbetd ( 8I®.2hdepsteT efistineal.i n ¢
suggest that epi sofird irmoic®TaB8 ¢gv @epgdsaggiceeagcan
val ues that suggest a mora@anadwsvanclead ytshipiages eat
context, fhAartefecsatbyanni tbgaletatsres d une TaBpSp ecaaru.
due to rehydration and mechaandal naktéerattomn
foll owing rehydrati ogir,e gsitdre ro ft htheic o thpep antait cunr
of decomposition after rehydration can mask

to an under es tmomatteino ni notfe rtvhael .p o st
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To t hedkaowtwHerdge, this is the only study that

a transitional environment, highlighting a c
forensic relevance of such environment s, fur
estmati on model s and account for the influenc

2. 2. Methodol ogies for Studying Dece
ThEBot al Body m8t waeg (dEeB®) oped (ERy.0Me g wesing

human remains. The TBS is cal cul atheednedy eval

the head eagndotnn@g@ikolnr emgdsaornd assi gning a scor e

based on observed decomposition changes. The
overall TBS. The scoringusayl sdteachoimpeec ®iutnit an f or
indicators, including colour changes fof the
skin slippage, devel opment of purgee#tfll ui ds,

(2017) advanced this methodology by devel opi
pig decomposition steaetdi &®BR2 0&pda ptaicrhg t-toh eb eMe gey

human subjects.

Anot her met hod der.i a@0idsr otnmh eMeTgoyteasli Aquat i ¢ |
Score (TADS), dev.e h@2@dr0 Yays sHesastionng decomposi t
environments. The TADS scoring system specif
such as skin slippage and discoloration, pre
phenomenon known as adnwasared avbinpomode ri ennfearsmat
met hodol ogy was developed using crime scene
Ki ngdémaettodh®dI1Of) her aquatic environment scor.i
Aquatic Decomposition Score e(tANDX™E0,1 ey i d/eewde | 0
from Meg.yea(ldtod59pqtentially predict the post me

bodi es that had WNemen hr Seceavered from t he
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These scoring systems are often used in conj

ADD

en

e X

ac

t o

p e

co

cal c

My

t h

bu

e

i shartowéd from agrmrngdmplt dyad oernhemol ogy
mol o geé sams ma tiaMin by quanti fying the accumt
rienced by the body since death. This me
unt hfegcmoatldhiet i ons i nfluencietg2d@l@0pmpbsits
ulated using the sum of theetdaZzlO0O5;averag
egh20l1.Bhe utilipiyeadifc@®AD®Odien the assumpt.i
penwiargnmental driver of the biological
e does not dir,ecrtdtyhera,usiet diexofmpe sd u mwlna
mposition agents (such as bactertihaatand i
es the rate and pattern of decay. Consegq
i desca@urmmotree expl anatory vByiabterpboraat eh
mpgo<i scoring systems and ADD, forensi c ¢

rehensive and prPeMli soer. dPeMSelr mi nati on of t

e methodoueé¢ibes blmbawhhe hmenam and ani mal ren
ntists standardized tools for decomposit
mi c environments, such as thoseThvig hi £nv
use these met hods uwedreer dreevleal toipveedl ya nsdt avbal |
iltn othysnami ¢ settings, such as transition
ronments (and vice versal)ineaaercwomiepmorsar rt i on
pt changes in tissue appearance and deco
ting scorDDmgdeyste@scandaAi ables coul d d
tionship between accumsili ated shaegmal redae

racy of PMI estimations derived from the
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Further mor eb,asvehdi laes sstgangment provides a usef ul
decomposition, it has been criticised as typ
and overl apping the <c¢ontAsnudoiufsf eprreoncte sasn aotfo nui e
may simultaneously exhibit cMhmarattdecosmposi ®
and partial skelet Crei zhat cadl28B0 et hiemhgsat onc
decomposition staging remainsnsi pradmmadscm®eac myp.n
standardi zed frameworkd a(ca.lg.t,atTB,0 nAsTiBsX,e nTtA

comparative analysis acr oss nsorupdhiocelso g iBcyals ycsht

(7]

t dbogpesed scoring enabl etsa pchl ognaorogyr ecsesmmawnmdi datl ip

structure compleeypreatadlientpatterns. I n this c

mpose rigid categories but to provide a str

—

rajectories across experimental conditions

2. 3. Arthropod Col onization ACTr os:¢

Forensic entomology is application of art

nvest(iigaltli oamnd HWntAlnt dhtoawurg,h PpaIidmari ly used t
a minPMium arthropods can also be used to pro
surrounding death, including awhanamer ia stkeady s
have distinct habitat preference)y drheare end
seasonality of death, and potential signs of

succession (Goff ,Ame9redit; 2a0hOM6h e c ®e@n 220l 1L PP 7 ;

The study of insect succession and col onizat
ent omol ogms s MaMind eist i mati on ( HalFloraredk aHnpd tei, r
forensi c eobaeasoil mgtiestt he tCiarhd | @lhaopladdcdseldaa e/ ax
from iBtaxkdgp.cking devel opment tciame bies dlobove t

through phenol ogi c a20 0 1n)fsoorbn abtg doDiDNfgd ttaheeo k e B y b
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required to complete development from total

to coMmbiegtey a2n0do IHa.skel |
There are four ecol ogical groups |linked to d
grouped them based on biological roles. Grou

directly consume carrion and remaadfist e Griohugpt
feed and target group 1 (necrophages) speci e
feed on the remains as well as the other <col
species that wuse thenrfmai meteecstsigo palkritti actul raa
necrophagous species, arrive at a body in a
as environmevotl abr igdaemindp d U rodhsr,é VOLsed by t he r
( Maretti 28011.9,)and geogr(@erhnar d.,0cll@omphori dae,

Sarcophagi daeVudRhifodranedlaieces f or dekee hDibpttermamstr
correlation with specific stages of decompos

thus be usmidnit@d@Mies{ Bywatdeand Castner, 2010; V

The estimation of PMI relies on the sequent.
assembl ages of Diptera and Col eopteetn &Rodri
2060 Gennard, 2007). Additionally, it takes i

progression to determine the time el apsed si

2. 3Sulbaeri al arthropod decomposition
During the fresh and ,bl owiClad ¢ a pfh a0 é aagmac 0 gn|

the first to colonize remains, |l aying, eggs t
Saukko and Kni ghal,e o0thebrla oBbetr | esafengers ap
decomposition progresseSaukw oc haanudd Kamidg hMo,r eZalu
the active stage of deconfpodseiofpjtccarnayv sy i amd 8P

arthropods, i ncluding maggots fngmdbtompbses
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through the secretion of proteolytic enzymes

decomposition sees maggots typically vacatin
2010) and an increase in beetle actssvity as
(Kolver, 2009; Parks, 2011). |l nsect successi

conjunction with other metebhsad snad regoorstheanmr act er

interval of the remains.

However, this predictability can vary depend
factors such as temperature, humidity, and a
composition of arthropod colonizanhten.i hsecbo

activity can be del ayed or suppresse@t poten

al20,08). These contradictions highlight the

understanding of insect sucreistsioms.under di v
Additionally, while the I|iterature emphasize
decomposers, gaps remain in understanding th

scavenger beetles, particuAlQul gesth Ol P 3 tThre st a
ecological interacotowbershbet weepethéeseespeome
di sraptevenderexplored and could provide dee

dynaactsus zewsdkriBai @h@&wMcz, 2022)

Furthermore, studies often focus on static e
understanding how insect succession may diff
exposeds uboaamodtahh quati c conditions. Addressi ng
forensic entomology's applicability in compl

fluctuating environments.
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2. 3ARuatic arthropod decomposition

Forensic esidlbbawmndagdyquat i ¢ environments pr
chall enges due to ,emivehlm oinmfendiancearimabedt tyo
decomposition rates, and the aCcCCammadyta o0 pos
al20Qwhi l e i nsecsubasctetmisn s i often predict
environments introduce complexities influenc
oxygen | evels, and depth. Barrios and Wol ff
ohquatitds opewdt h key speci es ChliaoaJofmusidi tare c o
shreddelrop(i sHegalplyesslaand predators (e.g., dr agc

domi nating the submerged fresh stage.

A notable pattern in theirdemiudgnt santthler gp ad
communities in early sthagemse dloesa duxi g lagtue
instankeegpeales such sl bl pdodbrodiadeaer filoresb € et
(Si Il phileagi n col oni zilnagt & chaet ibToldi ys tdpuky @ sneg rtehper e
intermedi ate stage of decomposition, where i
coincides with odfgoisndg roaq g detfil ce cacst itvhiet i nt er |
decomposition processes and environmental <co
decomposition while still attracting necroph

sur faces.

However, their research also highlights a ga
across ecologi cal regi ohsucliThées cp@emdus i c spec
Si mudamwen characteristic of the Col ombian And
ecosystems. This | imitation raises questions

patterns in aquatic environmepési Bnd snhdeéres
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A key contradiction in the Iliterature | ies i

aqguatic environ
studies have no
such as salinit

for further res

ments. While Barrios and Wol f
ted variability wanear tclomap d d c
y oet waR@itOmovEmesntdi Heme¢ panc

earch to determine how enviro

aqguatic decomposition.
Findakl preseesidtonceppr stviudl¢gs | i mited insights i
environments, wher e r e nsauibnase ed Haill fntg sh e tUmadeerr sa ¢

how arthropod ¢

particularly fo

ol oni zation patterns adapt 1in

r forensic investigations 1in

flooding. Addressingsthimatgamscauwmldd emdfaince P

forensic ent omo

2. 4 . Ani mal

Many decompo

|l ogy in diverse ecosystems.
proxies i n Forensic r ¢
sition studies inig®&bdgeri al a

scr)aahuman parroex iweisd.elPi ggsecogni zed as effect

in forensic sci

ence research due to their ph

humans ( Ma&tyaR2dWLRi. These shared traits incl

di stribution, S

kin composition, and internal

studying decompbsesi ¢éi ohepestcaebbedhmant sotobhase

Their use is pa
ethically per mi
research. This

concerns surrou

rticularly advanteddgeous vbee c au
ssi bl e, addressing |l ogistical
i's especially rreelceuvanutr ailn acnodu

nding the use of human remain

( Mat uset v2alkLib,h u s , many decomposition and f or e

Ac nom” w



South Africa have

Spiees, aPbk02kKey ez2a0D2Te mbe and
Comparative studies have <co
fauna associated with pig a
Wangt. al2017) observed that
species attracted to decomp
This similarity strengthens
research, enabling realisti
environmental conditions.
Despite these advantages, t
provide reliable insights i
fat content, and other fact
human decomposition. This i
transitions,

unex pfl mr elwlo tihn sfpoerce nessi ¢
Addressing these |imitation
to human forensic cases. Fu

di screpancies, particularly

proxies, forensic researche

world forensic

3Resear ch
Whi |

Gap

e decomposition dyna

static environments, t he

is particularly relevant in

Ac NORI W

and

effects

usecta,ap Mak BVee rerdo dablll. 7,( Sut h

Mu k a rAadeainrabe2,4,)2 0 2 1

nsistently demons

nde thuai@.m7 xc aamd er s

t he succession

p ¢

0Si remai ns wer

ng

the valciadi ty of

cmescsmubadeonganfio

he application of
nto general decon
o rpy emeean wthleant arped

s particularly ¢tr

ssichaamsd sdhq fdatsi d ed meiernonment s,

research.

S i shasedifciamndif og

ture studies shou

i nheynasmi of e@wnii m

rs can betier bri

applications.

Signi fic
mi ¢ sd oacnudmeanrttehdr oi pno

of environnmn

Sout h akfidiida, wh



create unigue $wcleniss c2 (eaha & adNewag @afs . whi ch suff
ondt me most cadastismepdscet f AfodwWet®(@md diplseé odiye d,
more thandivspBAdweiary vuncacicmsu nwteerde, wi th som
recovered weeks or etveaddl2pwnessi gatengNahdse
phases is crucial for advancing forensic sci

ot her environment al shifts.

4A1T m and objectives
The aim owWattohel estcudype the rate and pattern

colonization dynamics of arthropods, in resp

environment of t he frremadawasaetfrir o mccudiateiroms & m
The objecti weseof the study

1)To describe the rate and pattern of deconm
subjected to subaeri al conditions and the
2)To describe the rate and pattern of decom
subjected to freshwater aquatic condition
3)To evaluate the effectiveness of the meth
Decomposition Score) in remains that deco
4)To conduct a comprehensive survey of arth

two different decomposition environments

a.Analyse variations in the arthropod po
response to alterations in decomposit:.
b.Evaluate alterations in the species co

remains across the two decomposition e
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5Materi al s and met hods
5. Study Design

A |l ong,j tuadmmad ati ve, observational study
This study is classified as modiotnagri @ d datnarhuls
pedef i matsbviemrt ¢ he course,ofnbbéeingseampbrpeérg
i dentanfli ed alcyosnepda.aattii viessyst ematically evalua

decomposition progression between experi ment

and control gmrospsgtemanmingnment. The resea
experi ment al component, wherein the environn
under controlled cosditsospgetiofi so¢htecandom
mor phol ogical c¢change, and associated arthrop

5. Zampl e
The studisg taval vef 12ug uvemoflle ploae edise d s

from nat Jurhel pdegwWleearsst d by GHB Farms, a regi s
breeds pigs for commercial consumption. Natu
i mpact decomposi ti on sruacthe sasora paatctke ronfs pfhoyrs ire
rel ease of inhibit 02ad/l SB)u.b sT haenecpeesgilfnavaighiriteh astt uw
haal madgsthbéoRg¥he piglets had been refrigerate
t he @®tqldeptrse imsdedcdhi s study as opposed to adult

the study site asvawme Iplodcao$n ctehpet fsatcutdyt.hat t hi s

Pigs are frequenst |lof empheoneced aan rmodelnsi c sci

t o numer ousa pahnyastioonhiocgailc asli mi | ar i t ieets amMi.t h hu
2019). Their aesfafidcatbiivdnes sanfdurctolsegr enhance
endeavour s. Notably, compar atdasres shaivda es i nv

demonstrated substantial edval0 A;peWakaGjlvgect f
A¢nonl w



A small sample size was used due to |l ogistic
experiment al conditions, resource | imitation
studydés exploratory nature, enswhihg detaile
ma nt ai ni ng rd&suedrmhaehl momtee godisd ntche pst isst uad yp,r otohfe
were uncl ot hed niuntmhbodrrdwear it @bl e srfH wi @tithéens t i s

could exploreaddreovhorabsies teal i sm.

5. Bite of study

The | ocati owad ossre duriesd sapuedry | ot connected
Forensic Pat holloggalSeMoritciea rMe d(iiXxB FPS) and
hospital that sits ofFtber Bainpi sst ewasot hsel
obt afirnerd t he JHB FPSMsoPhume ya neda Mirg elJfochanne s
Mosi kili), Chief Forensic Pathologist (Dr Ti
Veterinarian (Dr D Mofu), and Director of An
Ref or m, and RuUrDal Mpehwe IMag me nE(nA popneonl doigxi cQ)l an

occwidn the Forensic Entomology Laboratory at

[ RNBOOIOs t tOq 6 1J0F qal ! Ot RgIYHEqRYUE HRI HG1JT IORUIOs ¢
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5.4 .Data coll ection
The s@aNMplapgi vi ded i nto t woS velxgtedigarznit @al Grgo v

anAlguatt@ wcbaer i)alofGrfoiuwewipti g | e ¢ anwdodictWiottriaal | ns
the groups piglets weret#ghbat| evh@Giil Wispgtaon dLsW5

for L awWwas taadnddrs Wawietrh LW indicating a ALando

—+

ranlsianednWLl totSWLbadéAiqaltad GeceofiWo st ands for

=]

Lo stands for Land, with WL indica).d nbhias AW
naming convention was done in order to compa
groudme. Subdquaal ewaGnoupall yubaeosaeld pd arcceidt i ¢
on concrete with vegetati on & oscelv ean$ aodfabybsived |
by a transition to freshwater aTfQhAaguattoiccondi t
SubaeriwéeéntGr ohimpeo urgehver se sequence, commenci no
freshwater aquathe cemains ower betbtwmeresiati oned
(pl aced on concrete with vegetati dhesucmeastr
of sevfemr dde sawgdsmws iatvioi d having pigs in the a
decomposition before Thhangiimge dmwinreo waentdet ¢
decompositiomnnr ates uadlyseowedby Coertze (2022
FPS). One coemdnoh pubaeemal nemweieradiunrneetnitonf or
and one conednol apigqguamacnenwoe edkumerntti ofnoroft h

study.

The study commenced on 3 DecemberathC®2 4 twidtyh
siTlke pwgmpeascsadsubaeri al envihahdhbesewcbdobhdpht
welkept the same for wieothhoemeotugpsadrutd heo pti Qé et s
l i mi ted spaceCriom st lteo nstaud yn asgiitoen. of i nsects |

effectqwastaisisitdidal | s outsi de the scope of t he

Ac nodalr W



(Schedn2@lSybaeri wemppiagleedt ®n one side of the
aquatic pepgpkleatc egdr oounp tvhe oppo Siereg Fsigdie eof2 ff o
schenkaitgilcet s were uncovered, t aea cnko ofa gsecsa weerr g
the stiKeyets OIRKEM)ni mal di sturbance to the renm
throughout the study to preserve theaentagr.i
environment, piglets were not moved once pl a
during scoring. I n the aquatic environment,
These precautions were taken t oabnies ntileaet tdae
influence the rate or pattern of decompositi

the observati onal dat a.

Thick vegetation

[ RNDBKIBDIKOH 6 1JG ¢ qREIKOY N IO 6 1IJI0G ¢! Ye qloYn o6 1JK0t qe 1 | g FOAREK dJdpiy RO
GRNOWat t0c UT 10q 6 WIOE 2 A¢ Il R¢ 00 YabiniR &NAT HEE RNy 01edJ00] HoeEd 10K 13Hiegid a

The subaeri whseanovntombmeamt eédor environment wi
exposure, replicating natural subaeri al cond
enviracmomewtst pl acing the-lpitgerc orl@asdsdes ciomtai:

municipal tapwadgeér belmits ed lssotiucdey condi ti ons

Ac¢ nmur- w



numerous variables, including water fl ow, ac
preocidoncept study. As part of the setdudy desi
st agReapnite niosfh memet water was not needed as the
direct sunlight and thi&Esacmmi pi ghkidtescapgwmatsi on
container to avoid possibilral Iny,l ueancche girglme to

exposed to sunlight, shade, and rainfall

5. 5.Decomposition Rate
Phot ographs weft ®laem @€wercymwsday of the week

t he decompo.siTth eosne pphoodosssniwked eey ttakk eanvoi d s hac
carcass. Wemeallbgntalphisongmer a of aaSamsocaogsAIBe

hee gh3 0 acdbm)ve t he carcasses.

Tharc ddseesmpoastonaedvwdaielaysbjnugt ed Tot al Bod
( ATBSHeouwvegh(2I0@2V elfoped8gor i ngt bhausneddB So n

met tboMle g yeets (2200 A )p ped®di X or the subaerial envir
Aquatic Decomposition Score (TADS)t.(fald1Q@he a
AppemBdSxoring backwards washlbhll ¢ wiwegl tamel sacaro
assess decomposition based on observations f
hi gher score had beentr stqorud @dld ben naotmperde t ihau s
system devel oped [Busnicreg thhu mnsa ns truednya iunsse.s pi gl et
wording adjust ments were madeAlttoh caucgcho utnhte fsocr
criteria themselves were not altered, TADS h
and wil|l require more Vvaliodatniceerp.t Noant eutrhee logs
present study and the abcempesiofi @an sdsaanmdiamg i
nomuman remains, TADS was apapdjiuesdttnieen tiads i ¢ i io
of Atrmwltaeea 6ofi nhands and feet).

Ac nMNT W



The supervisarsoodcohed tshedyemains- from pho
obseegrnvrSurper vi sors have extensive experience
provided training Alot tohueghpsie mece p asd rweaxsa ma malry
conducted, only the scoresemmdMviidzed Ky rt herep
analayshes dnsterrvealsew.r ofrhi s eadp@ rmaicrht aaiimMm con s i
and reliability in the data interpretation,

corroborating observations from multiple per

All scores (AdBE® navred tTeAdDS)ntw a standardi sed
o8B to allow for direct (Rwhpdigslansab@t wepn
Aquattduwbaeri)ahrGughput t he deemwiprocn me mthalper
chang@&3BS is alreadybouwste dweoah amohgtedlut s @ diree sa fc

for TADS are ou2td osfo at hteoyt aclo nsvceorBtée sid fngnttoha@ S

foll owi ngr'Yégvu—-at con:

The ambient temperature of efrleeec caride da ndda ilayt ea
time of each documentwaseéeoonr dedsu®inng TeBipet ah
(Maxim i Button gDST®eXR2Ilp)y od eeltsdvdaer etdh on si t e
to take temperatuirBumeassremeat pl hoadl|l gither
piglets (when in a subaerial environment) or
t he aquat i cT heinswidraosnamke ntto .cal cul ate accumul at
(calcul ated as ¢eet esmpre roadw adradisis)ye dalviecerh at i on v

STBtSo pl ot dec AmDo swiatsi cm | rcaitl ead .efdo runxiOdg t he f

t .Many of the i Buttons for the
stopped recording data due to technical I ssu
control piglets were used for all piglets.

Ac¢ NDMIT W



STBS was pllooadBdf agaeach pig to show the cha
during the expkreilmeganilt pmircaldl.y tirna nosrfdoerrmetdc

have a | inear association between STBS and A

5. 6.Decomposition Pattern

To describe the pattern of decomposition
mor phol ogi cal ¢ hmendgeesc roifbdedch eanmde maatnesgori zed
decomposition stages and compalfeesdedlwazrped h
were recorded and classified according to wi
fresh, bloat, active decay, advanced decay,
based on key visual i ndi clht oatsi ngihicimaglyg ogs af
ti ssue breakdown,Thaensde ssktea geetsa |t yepxipcoasiulrye .i nc |
decomposition, ii) bloated, i1i1i1i) active deca
by published lett 2a0laBur g e(tMPEBT g h&e i2p0iNe3)) .

Thi s approach ensures repeatability by relyi

all owing for objective comparisons and poten

5.7.Arthropod Colonization Dynami

Stickwetpeaged around the carcassesetin orc
al(.2018) showed t Baftecsttiiveek yi nt rsaaprsp lwenrge ar r i vi
pigs. Theuse¢edclgste®D@B)e mounted to an open
above the carcassesneHbwevewve 1 Ime qGuenpehtsnath g b e
al2018) and thus activevasdmp! i mpl fememtthe i ma
study to account f or.Tt lavipesicd e enkce @ct a ratme motfs sctalc
at each daily docsomdgeatodt iaorrs ed e sagnidahnr,to pwoiakcsth ad &
directly collected foomi deocbomp.osTamgsocapicapse

order to document al tAertdtriopossi weart st oped 3

A¢ nmal” w



jars. These were then euthanised by placing
hot water from a kettle and tAebhhpbpodd war @&
t hen i denat isftieerde ouamidcigrgo stcad p emisd raddd d Gheejdp &kred/ s

1965; Smith, 1986; Hol |l oway 1991,; Brink, 200

|l nswem®t specifically removed for the changi
order to | imit Thies vvaad add rees tcd amigmidc r eal s
would suddenly be submerged into an aquatic
environment and arthropods inhabiting the re

changesHawewerd | .due tsoonmadct i lvet hiswangpdtt seqsi |y

identifraembeedefl®r anal ysi s

Ac nmm” W



5. at a Anal ysi s
Software used to run statistical tests
Excel , R studiSdsa,t Y&8d clsMB SPSS

an

N¢ Ak DB ¢ q Rt qRAcGOc Uct! + Rt 1Ol 2 UOYUIOq 6 130T ¢ g ¢ tOgq Y HOc F6 R1J2 1J10q 6 1J HOY

Obijectives

Variables

Data analysis

To describe the rate and pattern of
decomposition of the remains that were
initially subjected to subaerial conditions
and then moved to aquatic conditions.

To describe the rate and pattern of
decomposition of the remains that were
initially subjected to aquatic conditions an
then moved to subaerial conditions.

Gross
morphological
changes of the
remains

Ambient
temperature of the
air and water
Adjusted Total Body
Scores (ATBS)
Total Aquatic
Decomposition
Score (TADS).

Generated graphs to illustrate the progression of
decomposition over time, separately for subaerial and aqu
conditions as well as together.

Graphing the ATBS and TADS against ADD for each pig.

To evaluate the effectiveness of the
methods (Total Body Score and Total
Aquatic Decomposition Score) in remains|
that decompose in alternating environme

Standardised TBS
scores.

Multiple observers
(inter observer)

Non-parametric test run was Friedman &80 level of
significance) with a podtoc Wilcoxen Signed Rank test
(Bonferronicorrection applied by IMB SPSS).

To compare the decomposition patterns between the two
groups, the change in decomposition rates over time will b
described using the TBS vs ADD graphs.

Intraclass correlation coefficient (ICC) for inter observer
error. Specifically moddICC (C, k) (Tweway random
effects,absolute agreemerdverage measures

ICC for intra observer error. Specifically mod€IC(A, k)
(Two-way mixed effects, absolute agreement, average
measures).

To conduct a comprehensive survey of

arthropod species inhabiting carrion acros
two different decomposition environmentg
to assess alterations in species compositi

Types of arthropods
collected

Jaccard similarity heatmap to provide graphical represents
of dissimilarities in arthropod communities between the tw
decomposition environments.

5. t hi cs
An ethics waiver was obtained from the
at the UniversitWaiofel(zh@aOWi(tAppteerrds xa g .
5.10unding
Funding came from RINC funds in the Divisi

Ac¢ nmel W
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6Resul t s

During the period of t h(eFisguwrdey,h 35 ARpepactmidsxd

was recorded on day five, six, eight, and ni
6. Morphol ogi cal decomposition pa
Observations were recorded daily, noting v
di scol ouration, blistering, skin slippage, n

6. 1Sulb.a¢ ®Aiqailat i ecnoGmphwp ogi c al decompos
Al | pitghbee b a¢ BAigailaGr o Pi gl et s t hat were fir:

subaerial environment andnvhedmad asn sSTTHB S neefd
day one,t Ba\2e mtn df dM&T BbS g aeltuses of YDuwrnidn g, r
the subaerial d&erco Aposiadilieo Dp paasnee | ( | mages o
Suba<¢#®iqalat i ¢ )s,p etchememisgl ets exhibited rapid
blistering, with progressive exposure of int
observed oncaame tpwonamudclee by day five, with
bl oating. Some piglets rolled ontwl daddhlkeni Mpr
of the | ips, eyes, abdomen, necgkr,eeannd chest

di scol ouration in areas ¢a6ceere €dlgwlg est p3gec it meont t

3&; %2

-~ < N
4 R e N

- -

[ RDz | 1K i FOPE G 1J UL IO aniRETHIINR & & G 1
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On day psigwettesheé i fted for the first time to ¢

t he ground. This revealed | arge maggot col on
abdomen and face. Maggot activity was al so v
ad parts of the face, where decomposition ha
On the final day of subaerial decomposition
cav-ingof abdomens, except for LW3, which renm

obserwvmetdhe face and nec(kerefigonseofh ) )bWlLwWwhds

while the other piglets exhibited bl ackened

o 5 v‘:'%s;‘:\: ,. -, 7 -:‘fv v : i 7! : . Y
[ RDe | 1J K0k OE G DH R 13 U 19y Yh s@Ee R D] | | RYe 20

The piglets were transitionedon odaf eaiqauhtt i c

AppendTabldfeor panel i m& g\@ 3 asdfieccSiarmedresFi gur e 5
LW1 spéci deon placement in water, al/l pi gl et
bone exposure was observed in LWl and LW2, p
front | imbs and the ribs. The other tphegl et s

previous day.

Ac DM W
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By days nine and ten, trotters showed advanc
tissue and discolouration. Faci al bones were
being the exceptrked. tbaydeksavémcul ati on of t

(see f)igure 6

[ RNex KPOUWIGTIHEIRG 1J U 10X | T Uy e ayiRAFIBINR & &
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By day twelve, skeletonization of the front
LW5 displayed disarticulation of the mandi bl

regi ons.

On day thirteen, the trotters began degl ovin
degrees of bone exposure in the head region,
neck.

On the final obser(Fiag u,0alL Vdla ye x(hdiabyi tfeodu retxeteenn)s

skel et onimoartd 9t0Om revi tlho s tatnids dues ar ti cul ati on

from the trunk. LW2 showed significant skel e
abdominal skeletonization; however, the head
the front | i mbsr rmengdrmet d rdinkar ttiWdluldatse |l fayed
head, neck, and the rear trunk near the tail

and soggy. LW5 exhibited bone exposure in th

remai ned atrtuankheditt avetrlee stoggy t o the touch.

‘ =
/§ Woay i LN e ‘—{‘:‘2 * (25

[ RNz | 1JIOMKGAPHR GOrGGex | T Uy i aniRa+1BINR ¢
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6. IAQRuattduwchaerimér Sholu@egi cal decompos
During the first tdfeyratddchyaprgfa kttise exthu by ,t ed

stages of decompositi @®@rerei Appleleaddldecu ®OFr cpanel r
i maglewsof the piglets began with (arrADiSpni=t 591 T
WL TAD&8 pnd WILADS. =TADS was converted to STBS
STBS i n compulradrdgalagr c¢Thiei. s conversionitesall
STBS voafll.u2e9,5 .48.33,8,4. 38, and VWL.18B 2WLo3wWwL gi gl et s
anwWL5 espe.cEtairvegl ydi scol oration, primarily in t
observed, progressing Daym wal ka Wl Wik W3 ,puam
WL 4 f | Bwytaiyngbhthomeae i ng and blistering were evi.
di scol oration of( Eihgurad d@imeyn taindgar ew&ks noted
eyelids in WL1 and WL5. Gas bubbles were obs
by bubbles in the water around the mouth and

mout h.

oA s AW AR R o
[ RDea |l 1JHDE KR & UXIOION Iowhe RIS R¢ G on1 Y

On day four, the piglets displayed further d

pur-pé@ abdomens. WL5 waseetheohamhypligwed no
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col our changes up to this point. By day five
bl ackened abdomens. WL1 and WL3 exhibited gr
the first piglet to exhibit ti sacuke deixspcocsliuarea
had become prominent on the abdomen, <chest,
slippage were noted on the trotters, which w

internal organs, whil e dat lktan ipieglodt polod ek dt én

On the finalofdatyh & daagu asteivcengnvi ronment, gree
the neck, dorsal trupkibgan@L@praedoWL4eveowéed

additi onal brown discoloration on the trotte

[ RNz | VOO KN 00101 x XiEY2nHe IheReqiRED | Yea Gp

On day eigbf, theetSpbattetwdr egrtorugpnsf erred to
envirowhreerne fly activit@eenhAppededlddsbDgmipgarcal
i magedhe trotters remained relatively fresh,
front trotters had degloved, exgosveaelgop&de an

br own, | eat hery appeé@FagaoeeloldOphiegilre tdso raspapl e at

Ac DRINT W



pr
hi

Su

[ RNz | 1JIOMECGHIGPRA 1JAVIED x X i#EY2nAHe 1heReeaiR®D | Y2 Gp

day nine, abdominal caving was evident
ing in the fresh stapged obl deabmponsandohl a
parts of the face and abdomenosWL2 and WL

re charactredi eod vbilya cdke ecopol or ati on. On

nsidered mummi fied, although internal

gl ets showed defl ation, and plrayeecrisl aplpea

ey discoloration of the head and neck,

ogressing decomposition, including a marhbl

posed tissue around the eye.

day el even, WL3 was partially mummif/|
s noted in WL1, WL2, WL3, and WL4. WL5

onounced black and green discolobatéedn

nd |Iimb bone exposursekelmat & mhnAghtediteoind i r st

bagroap. WL1 and WL5 continued to show di

p o(sFeidgure 11)
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On day hirteen, WL1 displayed

face, and chest Ti ssue exposur e

the abdomen, face, and neck,

of wet decomposition in the

and external tissue.

By the inal day (day fourteen),

while internal ma( gFgi ogtu. raedvVt1l2y)i Wi 3 coanh d n Wk 8
trotter bone exposure. WL56s body
abdomen, neck, and head. WLS3

nral LW

wi bhstedtddssbb

abdomen

di spl ayed



6. 1SwBb.aeri al Control mor phol ogi cal de
The Subaerial Control piglet remained in

duration Séet Appaitadibfeo® pan)edn idmaaygeosne, t he

Subaerial Control pi GB®)Y (hfadhal aotcal tBodayndS E

consi stent with fresh remains in a subaeri al
abdomen had become firm to the touch, with a
three, active decomposition wasonmivniadle nbtl,o acthia

(FigureByl3day four, the abdomen exhibited a
increase in discolouration, with browning ar
spots on the abdomen thate elxitnebnsd.e dOn od a yh es iuxp
was no | onger present, exposing internal ma g
Al t hough the | i mbs appeared relatively fresh
abdomen remained skegghtlty Hdedbénpéeédx bs@nstdiag be

tissue | ossnwabeohsakvde d dieogiraecye (bl pagcekq e e d

[ RNE R IDOUD 203 | R¢ 009 YUq!l YU IOGRNGWapa
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By day eight, complete deflation and caving

the |imbs begagreygy di spbhypumnagreanconsi stent

Day nine marked the onset ofofskédleetmamidia @tl ieo

The head and neck-brlagikordiexhil biutread i @ nh | Be

progressed to include the ribs, front | i mb

compl etely bl ack. By dayuerkebenes| weset@rpos$

mandi bl e wa@GFifguid T hiehb 2irbolteda er s r et ai ned s ome

the distal ends, though greying was spreadin
mi ni mal skin and tissue, and the front | i mbs
exposure ofnd hfeaadéd dlnanee nadcdvanced. Results on

those observed on day twel ve.
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On the final day of the study, day fourteen,
skel et drFii gautrieble6 )r emai ni-bgatksand wasagneg s

decomposition conclu¢@¢&8dB®i,tkhd@xsTBEentowet df a

decompositi oeanvinr anmarbtaer i al

[ RNDe | UDOTUOx 92 ¢J1 WE X099 YUq! YUGIOGRNGWaq,

6. 1. Sulb.aeri al Control vs Sobathée alulDaeo

tdquatic Group
The Subaeri al Codagualti anéGr Supaboi &l began w

bl oating, blistering, and early discolourat:.
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Suba¢#®iqalati ¢ piglets generally progressed mc
and advanced maggot colonization evident by

Control

By Day 7, the Subaeri al Control had extensiyv
exposure compar ed-@#tqu aste wcerpalgl Sulbsaerpiaalt i cul ar
contrast, -ttdhlhgeu aSulca eGrioaulp s howed morca apr amau n c
abdomi nal regions, and in some individual s,
neck.

6.1. Bubaerial Control vs Sobaehe-tdqbdDatio

Subaeri al Group
During the secot®duwaek, atl h &r dAqysautbracen g iatli on

envir onimeinltar | ySusbeaeenr iianl tChoent r ol , this group
bl ackening of soft tissues, and magget actiyv
Subaeri al Group was more variabl e. For examp

consi st emtt i knelodt dnimbs and f atc®ulbgye Diag!| 1pti, gls

retained mummi fied soft tispoenwith no bone

The Subaerial Control exhibited a more predi
decomposition. | -h - Soubrater aat , Grloe pAghatwiead i nst

ti ssue breakdown and mummi ficati one egatritve ul

internal decomposition.

6. l1A¢duati c Contr ol mor phol ogi cal deco
This Aquatic Control piglet remained in the
st ullgge (App<€Tmdilit oD p an)e.l i mages

On day one, the Aqgaiatia¢t Bguonbtok PpPegbepobadio
3(transl|l ates to )ani sdiBSatviaveeofoft e 3B8r esh st
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day two, bloating became apparent, accompani
By day three, the head and neck displayed gr
and the trotters (@pipeuanmreaedlys)d foturamdae vielad eetde d/ i
organs, and t he f agcree yh aadp pdeeavrea nocpee dwiat hg rieneint i
slippage. On day five, black discolouration

progressed to includBytthaey neekpoerylti @ncmet ay

was observed, and (Fkignr<T hlgBptamget tcemgs i weireel s o

[ RDz | 1 OT0ue@?aeR HODHY U q | ¥ G OGRN G 1D a o
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By day eight, bloating decreased, | eading to
Extensive maggot activity on the trunk obscu
wagrey .blOmclday nine, t hegrtereunn kc odli osuprl abyeende aat hy
and the body felt fragile during handling fo
on day ten. The majority of the tfissae on th

showed dark green discotourtayipersiEstedsonmed

which the trotters continued degl oving. Br ow
face, and trotters. By day twelve, the abdon
continued to(&agkeprOnlAdacyo |tohuirrt een, the trot
and black, with Culicidae | arvae observed in

[ RNE & DROCUOKWE ¥ IR A9 YU ql YT IOGRNIWqp

On the final day (day fourteen), the piglet
beneat h t(hFei ghuarged b2eOs)d ec omposi tTADS o(O(TEEBII d=d w

23.,33consistent with advanced decomposition
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6. 1. Agl.aoinct rAoglu aesiccomposi ti oAqWPdtnises of
Subaé&rpoab
Né Aquatic Controlt-®ulderti aalndGrthwep Algatat i €x h

of aquatic decomposition, including bloating

purging from orifices. By day theel,abdister

abdomen were observed in both, along with so
organ exposure was evident in both, although
gr egerney facial discoloration.

The Aquatic Control showed continued tissue
with blackening of facial features atma advan

Subaeri al Group, althofugnta ggmomme awadrichna & ayt iamngd w
reduction occurred. The Aquatic Control disp
pattern, whti®ebdderi &dAlqu@Gtowep showed more vari

organ exposure timing across individual s.
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6. 1. 4A.q.aCtoinct rAoglu atesiccomposi ti on Ph-aeses of
Aquatic Group
Foll owing their envir orrmnrlegnutaatli ct rGarnosuipt ieoxnh,i b

of the s-smaeapuetaiticaniges noted in the Aquati
floating, tissue maceration, bone exposure |

Both showed pronounced sogginess of the trot

However, the Aquatic Control displayed sligh

Day 10), whitAdquaei SuBreupatlemonstrated vary

di sarticulation across individueds. wBosnebeap
both, although the Aquatic Control showed mo
of sinking signs. Overall, both groups conc

by Day 14, characteriozad ioyn,safimtd tsiked ©d¢ olndo s

6. DeomposBddynScore Resul ts

6. 2l.niodbrs eanwcker-o b s earvrear

| ntodbserver error wawwaygsessndomueifhgegclt €C @bsc

average )bhetawauarest he main sc®renl aerd<t o006t hs

that reliably consistent scoring between thr
| ntoaderver errorl av@bwoaysemssed esifegts, absol
average measures). P value < 0.001 suggests

sameoirerstatistically significant.

6. 2St2andar di zed ToSuab a-¢Badiglayla tSicor gisgs or
The trend of the standardi ziSfdbae®gbhbhbody sco

environmestepdigl wivient 4 chpes e@did@iDar i ng the in
subaerial iP/haseal(ldgpygygllets showed a gradual r

in the ratel cwngwit her eavyeronmdapt 8 t hensei waenr
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STBS

i mmedi ate sharp change; howeyempstrempappmex

piglets mexmeaapintcedase in STB®I rtiompasebaeéeoi alhe

The Subaerial Control piglet displayed a mor
Subat¢®iqalati spGrcowmens and had a | ower final :
Sspeci mens, suggesting that the aquatic envir

The rapid incredzseoeuilnd $EBHEufracmedDdey abi olhogif
decomposition in water and/or the switch fro

Agqguatic Decomposition Score (TADS) that high

30

..llll...-."
.
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ARDt 2
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1 2 3 4 5 6 7 8 s 10 11 12 13 14 rat e
Days

BB

EU2RI YUGIC
#6c¢UNW

LW1 LW2 LW3 LW4 e W5 weoes EeaHcWI Rclben s
[ RNDY ¥EGIE E 102 10? ¢ | 1@ Né 6D BYRSEID ¢ OT tOE2 A¢ Ul Re¢ G099 YUql Y

increases in STBS,i2Reddhiwndg hval atdéds soffr a2agge?7 9 v
del ayed increase, with37anbeSToBS oafc cle6l.elrda taitn gl

variations suggest differences in decomposit

factor s, moi sture | evel s, or insect activity
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By the | ate sit2.gbe)s, (nhoosgtA DsDu b~j2e c4t s STBS valu
stabilofzaofonti ssue breakdown. LW1 reached a
LW5, despite its slower initial progression,

convergence of STBS -svtaa guee sd isfufgegreesnt cse stahyant deeacr:

be overridden by cumul ative environment al e f
35

30

25

20 — | 1

(%]

E LW2

15 Lwa3
"”/, Lw4

10 —

151 1.71 1.91 211 231 251
logADD

[ RNY¥ X DON 7 E 102 t+ FO@ K 6 LiftyRhGic Yo) RGEE) NI GYikad g

The R] tda%uRS Vo rtlroegnAdDDaiPri essndi cate a gener al
relationship betwaeeeaer 3 8,S0saB@@®rotgiArDgD t he use
accumul ated ther mal energy as a predictor of
di fferences in fit highlight varliid&bkeillyi ty i n
influenced by environmentaé. dacthweisng micrmoaei
direct sunlighThisosamwkedcbvacal Vi tpynsi stenc
decomposition trendamomgmasluwd reira da nipja rvaablueee s t

(0. 93ulgBge htiigmd e dli &t ch bsdteecaodnyposi ti on pattern
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Piglets ID | R?value | Analysis

LW1 0.8442 This is a relatively strong fit, indicating the trend line accurately repreg
the data.
LwW2 0.7737 While this is weaker than LW1, it is still a good fit, showing the model

captures most of the trend.

LW3 0.6998 | This is a moderate fit, suggesting that while the trend line captures sg
the general pattern, there is more variability in the data that the mode
not account for.

LW4 0.9313 This is the strongest fit among all the samples, showing the model ve
closely aligns with the data.

LW5 0.7557 Similar to LW?2, this is a good fit, with the model capturing most of the
data's trends.

6. 2St3andardi zed ToAgauatBoactrebcatlt e&Sr DO
STBSAfQoatd8wbaeri@tr &mo»iutpi oning from an aquat

environment) showed variable trends across r
steep increase in decompPpBsi NobabbygprWk4oerehi
rise in STBS by Day 6, followed by a steep d

from water to | and.

This common decl i ne Aigmu at$d8 BISa e@rbisie$r v@@tdio naighr wtsasb
the scoring system change nma&itvieedsead dhmmo aint iaacr
highlightiaoff acbrmhgasyshems being |l imited t
accounting for .enWpoan ntnreannts icthiaonngiensg t o | and,
of TADS, which does nnoe¢l atcedbudhecdmpoccietrit@m nc
(e.g., skin slippage, floatinpgpigheatsstuhmer pa
undergone substanti al aqguatic decomposition

which focuses more on terrestri al features o
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oning to a |l and environment,
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stages of decomposition (1o

n
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Foll o
obser
chang
(for

rema i

char a

whi ch

captu
exXpos
signs
Subae

cause

onment. This period of increased breakd
e decay in submerged remains.

wing the environmen30a, & rsanmdddn ohr dpg oigm
ved. This decline does not represent a
e i n scoring systems. Before the transi
aquatic remaomstiqg dusulmddreiralt henvirranmsme

ns) was applied. As a result, the pigle
cteristics of eatrhgrtehaesadvahceecagqpa
| owered their STBS scores within the n

f did not sl ow; i nstead, the framewor Kk

g the final dag 8 coBFRgbatt-@uwhiaegr i(dlo g@rDdDu p-
d a sharp increase in STBS, foll owed by
soft tissamrsidti isesectwionhp®sores pl ateau
int. The s$skbokehy sgpatembehedtto this tr
re terrestrial decomposition patterns,
gtiowe voaurr, off Agq b a&t&ucbvaeer i ape Grmeps exhi bi
of mummi fication after WhaAngudtoioni ng I
riape &Grmempms were moved onto | and, the s

d rapid desiccation rather than i mmedi a

decomposi t iFour tthrea jmeoceteagruysimi f i cati on sl ows sof

may n

great

ot have fully captured the decompositio

er variability in STBS trends
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The R]forltukrsf AArqauratd@ icbaer i @Ta8B®BRP vs | ogADD.
variability in how walvker 8gBSvpltaogr e
0. 6 6WMh6i)l e OVOLR?8 6 howed the strongest fit, sugg

decompos

ition pattern, otherOpivgB8nd Wkhibit

O74p5demonstrdtgedd omagd eridatse i ndicating

t hat |

a general trend, some 0I6®)dtuladwed sa waao ke pa tees

suggest.

substant

ng additional 0n4) 8ad itnhge nf daiecet &0 issh, g fw

ial variability in decomposition

mi emo/i r onmentoal iinmfelrnmeancdasnfl uences such

scoring
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Piglets ID | R?value | Analysis

WL1 0.5694 This indicates a moderate fit, meaning about half of the variability in
STBS is captured by the trend line.

WL2 0.7938 This is a strong fit, suggesting the trend line closely represents the da
Decomposition for this piglet follows a predictable pattern aligned with
model.

WL3 0.7383 This is a moderat®o-strong fit. The data is fairly wedligned with the

trend line, though there is some variability unaccounted for by the mo

WL4 0.7425 Similar to WL3, this is a moderate-strong fit, indicating that the model
is fairly reliable in describing the decomposition dynamics for this pigl

WL5 04788 This is a weak fit, suggesting the trend line does not capture the data
Decomposition dynamics for this piglet may be influenced by addition
factors not captured by the model.

6. 2CoAmp ar iSsabratafiqalat i andgoapESuwcbaer i al
Standardi zed Tot al Body Scores

On Day 7, the day before the Sebhaktmwmomament s
Aquati doGrigumally on | and) waAsqulat-@dchawhi hé t
Grou@riginally in water) was 17.5. This sugg

environments, both groups had undergone si mi

On Day 8, after switchi ngSuebnavi#kiganlanteind sGr d thpe
(now i n wat@m) 8i3nc wda dAgutant-& cimaani @bo Gr om p

l and) droppéatdmgalad.i®dds Groapease reflects t he

ti ssue breakdown i n water, as I mmersion spee
activity, al | of whi chTADS®S twhiibcuht e st ou sheidg hf eorr

decomposConwvear s Abvatd®@ blea drridgsl esGooamp be attrib

the change i nASBBoe ngnacty se mpehlaastiszde owmarege s | i
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slippage and fl oating, | eading to an apparen

decomposition.

By Day 14, the final day Safb aebdggaurlavtai tdl a@r, o utph e
further i ncredgedtd® ab2d8r 8B4 d Gnhio s5@nb ateoo i 2a3 .

Aquati 6sGhiogphber STBS by the reeamaiofs tthreamsdiutdiy
from | wathearvnet oan decempoaieédon due to increa:
bacteri al activity, and tiMsgwatSmbaenr atail oir oT
could be a result tolatt ipdesdaimednmes vdietsad hcecda tfi room
ohband occurs more gradually cowpaenedwibchhe

from | watder nt o

As stated prtehvei ofuisrisyt, sdeuvréuantghagespefi meatal ud:
(Suba¢diqalat i ¢ atn@®u Pameraihalbi ted cl osely aligne
patterns as measured by the Standard Tot al B
despite the differ encw sS hibna-tedigailaptoiginebhsa b | e xp
i nswmbaeet il ng -a®dbApu gthied meirmg ewdathecompari son
the scori(iAgBSyanhdem§aABBEed overlap in the morp
to describe ear |l (yTabkelceo mpd siin Bopgnphesrsdaigde s@)s as s
post mortem changes based on skin discoloratd.
initial bl oating, and the onset of skin slip
contributed to the coennsitshtee ngtr osucposr eisn otbhsee revae
peri odl8 Tarb|lAeppuemthirxk e@empbei di on descriptors
fresh, early, ac)aisva,efadwvandogd ATBSdahidndADS,
consi der abl e ssitmiglea rdietsiceas pitmrear Ifyol | owed by

advanced and final stages.

Ac¢c nIar w



A Friedman Tealtue ifeolr@.ediOlla nddaiycsat i ng a stati st
di fferencval avwsisdBdyY pEhiioodi.ndi cates that decc
progressedifomran momnd measur abl e manner over t
STBS scores betweenTanuddti e@rlmi na melpiod mtspeci f
significantSTBW4dlf ee € ngaers,0sa Wihlec gikaagrk eSTisgsne dva s
perfor med ozxs agnapigesht satlusronatl ua wEBONODOMLr oni

correomtrireecaledea pwag ni Thiec asn tg.ii ffif earenees confi
t he st atciasntaitbdear|i btuad satbd e t o notable shifts in
with the environmentatdtguansct Gnogp, |l a sharf
STBS was observed from Day 8 onwards, coinci
acceddertaitssue breakdownt.-®& Coane/reirasle | §r,oup ee Alyiuk

STBS on Day 8 due to the change fswinaethiealaqu

system (ATBS), which does not accouenst ifnor pr
STBS were more variable, particularly in pig
contrast(iami d reanadrse i ncreases, )absupt edr ops,

statistical-tyayi gmnifwheic@mitcedalyda tc odhefccamposi t i «
influenced by bijitdhleogif¢alct pamdeg@mivin @ onynetnd m

transitions.

Whil e both groups experienced a scoring syst
been more dé&pQgsatt®eh aveer if.olT hGar cOATPBS system (used
Aquattduwbaeri)ali sGrdoeuspi gned for terrestrial dec
accounted weldaskcociptdddchqaogibbdfyAqthatof ¢ ve

Subaeriape&Grmemps exhi bited signs of mummi fic
aquatic to the terrestrieadl teon vtihreo nhmegrhte.r TRYi S

i Buba¢tRiqalati co@GmpavAmd att-@uwbaer i,alasGrnownpmi fi cat
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sl ows soft tissue decomposition, | eading to

patt AguoattGuwbaeri.al Group

6. 2SWwWhaer i asls Garbtareali al Decomposition
Experi ment al Groups
During the early stages of decomposition, | o
STBS values were relatively I ow, ranging fro
of decomposition. LogADD ~ 1.94 tol ~i 2cr2®ag &

(Figureli2b)|ly a representation of the transi:
more notable increase in STBS occurs from | o
increase could indicate a peak i n active dec
~2,58, ADD 331 to 381) show STBS pl ateau and
Cont fwal Re = 0.8551. This is a very strong f

the Subaerial Control graoluipg niesd hwligtlhhl rytehper etdriec

STBS
=
w

(8]

1.49 1.69 1.89 2.09 2.29 2.49 2.69
logADD
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Both the Subaeri al -t @ogrutartalc aGrd utph eweS ueb asecroir ael
t hseeven days Swbgaueartiiaci Gr oup showed a higher
7) compared to the Subaeri al Control (I ower
indicates a more rapid decomposition traject

i mMmmeoas.

After transitioning intot&hkasesubakrGanbupnpig
scored using ATBS. While some individuals (W
approaching t hose doufe tthoe bSounbea eerxipaols uGoen twhaolc h
with ,AToBtShers (WL2, WL4) remained | ower due t

scoring potential despite ongoing decomposit

6 . 2A gou. aCtoinctvrsolIAquat i ¢ Decomposition Ph

Experi ment al Groups
Early decomposition (logADD ~ 1.4 to ~ 1.8,
(Figure 6) showed | ow, uniformed STBS values

of decorpgogiutriebh?2e6 )onset of decomposition see
STBS betweebh. 8ogA®D~2. 0 (ADD 66 and ADD 109)
initial acceleration of decodmuprd dmigt ipem.i oSUT BS
|l ogADD ~2.1 to ~2.3 (ADD 130 and ADD 210). T
in the rate of decomposition. The final days

ADD 292) shows STBS reachi mg fa ofdl ateecaounp oisn d ii
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Aquati cRRCahteofrhti.s8983.a very strong fit, su;
pattern in the Aquatic Cont-abl ggeduwith bhhgh

l i ne.

30

STBS
'_'..
[#3]

o

1.38 1.58 1.78 1.98 2.18 2.38 2.58
logADD
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The Aquatic Controtl-GSphageritalan@r atbhe Aqulaet € w
TADS during aquatic decomposition. -tSOTBS tren
Subaerial Group showed a gradual Fisal with v
STBS values prior to transition ranged from

the Aquatic Control 6s Day 7 STBS of 17.

Upon transition to thet@Aquatic pngliebsmeat ¢

using TADS. These piglets sihnomeerds iao o d pwidt h nec
study values (Day 14) ranging frotmr I76« 1f itroa
STBS of 26, tdAheatSubaéroap di splayed a higher

acceleration
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6. Arthropobd resul ts
The preemddymbet hspeddaedobeer -dhby ddri od varie

bet we&noba#&iqalati ¢ y@ribtaops i4n Imtilate@duwcbaer i al

Gropue bardg gmoUdpb] ewith some species persi
(represented nbyldadétesedtleincesi nt d ethtva rmenxmne nd n
split by solid bldack erwresr ttioc aslp elciinees itrh aTta bweer ¢
setting on a given day and remained present
some iwegectadbl e to withstand or adapt to the

remains entirely.

Despite the transition between terrestrial a
(12 oyt nathet mest us,Hma ¢ glr Fd@mancaul ari s, , Luci i

Chrysomya marginal i s ,ChClyrsyhshgorayoap Wieagyasccempyhaa | a

putoria, Chrysomya al Badepphaeseazddcmenenit e a

both groups, indicating that the environment
colonized the remains. | (nasrt e atdh s e\M@ @G sh)ge b e f
the primary factor driving insect activity,
rather than specific environmental condition

Musca daovmestrilcya arrowhegremachnhes beithwo seen
on Adwatt@uwcbaeri.€hr gsompa marginal i s, an@hr ysom)
Chrysomyaealebiacoeopnsy t he ot her specCiheg sfoimysat |
chl or omeyagpao ng t he ear | ilfegsuattSpcbaicee s abtd Sevpued
only seanhaeSubdaydiqalat i afGreoup he environment

aquatic, suggesting a possible preference to

Ant hosnmpyp .& caantdh o pvhearge duarkiq g atéS wwa er i,alwiGrho utph e

former present from Day 3 to Dayhil& and the
A¢ num w



di screpancy could be a result of collection
arthropods are relatively smal/l and may have
documented. The abdsSeamaedofalatt h exsce® rssopigucti e s 1 n
necessarily indicate a true difference in co

detection.

Hi st emreisdeaeen i n boS$hbaygetdigaplat i ¢ hsowms from da
9, persisting into the environment change to
trying to aAvuiad@dbawni agwGCtr ne ppli s $ e nrcoem e f

day 11 to 14, when they WDermeshustWassubatusa
another species of CoSecehnptdigalat handgaapise en

tSubaeri,alt Gasceupwer e seenpentdagl 1 and day

Lepi dowptseream on day 3 of the sAquat8anblaye rda md =

Gr opipgl ets. This could suggest that it was i

Tabdad swmows t he presence of arthropod speci es
pigletg r(eadgu aatnidc scobaeroll p( grets)MusTthae r esul
d o me sSairccao, p hGhgri ydsemdmlyiac eps, Chrysomya megaceph
chl ggrasr e t he f i r stL uscpielcii aavesreeroi sceagtineo minz ® ot h ¢
howetvleey sweme ear |l ier in the Aquatic Contr ol

6)Ant homyweaadsp@ seemras vamgdarritjhhepAdsati c Cc
only, similAquatd® usbeaeenr iiand PoGxreoiulpl y suggesting

the aquatic decomposition environment.

Call i phoweaoevliycisneaen or coll ected from the AQ

seen and coll ected onl gulchemathe AgdafAiracflon

Ac¢ DR W



are incidental species in decomposition and

maggots as a food source.

Chrysomywepetaria both c¢ontthreoyl swemeurpesl. a tHiowes|v
early (day 5) for the Aquatic Control and to
Subaeri al Control. Both control QBemmest ad so

maculaantdust er Ho ateivsedraege see on t he Subaeri al Cc
wef@eund towards the end of the Deudyestdsy 9
ma c u lweetsuesen on both remains towards the end

supports the importance of decomposition sta

have remained on remains despite environment

6. 3Colnt r 8l sa##®Biqala@riocup: Art hropod Suc
The Subaeri al Con ttrédod u atiigd eGr ocaunpd sShucbvaeedr iocav e r

col oni zhautsicoan dbpogersytsiocray a mEhgraycseqrhyad aalnbli cep s
Sar cophlaugciidlaieaa pspeerairceadt as| i ghtly | ater on the
was pr esdmnttseiramgd odehcomposeeamiDdaenbshaas macul a
were seen in both groups toward the end of t

appeared after substantial tissue breakdown.

After transtdqoati Supiaghetas exhi bited severa
on the Aquati cClCroynd o my gC harinfeslaanepan grdwgsaccee p hal a
domest iS@d c o p hGhgri ydsacemy a wahsl oo bospeyrgvae d- on Day 9,

i mmer sion, potentially tisndigeatriempiaanspreferen

The Subaeri al Con ttrdod u gtiigd eGr caunpd sphuoavaeede inoaviee r
bwWusca dopOmersytsiocnray a melgraycseq@ryad a#@dlablicoepmhmsagi dae

Luci |l i aapspeerairceadt asl|l i ghtly | ater on the Subaer
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botLtlatseairage decompobsteamildaemhsaasweaeusaenmsin
both groups toward the end of the subaeri al

substanti al ti ssue breakdown.

6. 3Ca2n.t r ol s -t vwwsu bAagewa tailc Group: Arthrop
The Aquatic Controtl-Sphageritalan@r abhe Aqulaet € s

act ipvatttteyr ns during aquati c alsescoocmpaoteendnowint.h B
Di pteran s pMestcas dsmerbytsaosmay a ,CQriarrygs cmmyla smegac ep
an@hrysomyalL wdibliiceapspeerarceadt as!| i ghtly earlier o

(Day 4) t ha# Siurb atelrd aA q uGartoiucp .

| mpor tAan thloynywaas sopbps.er ved on both thet-Aquatic

Subaeri al Group piglets. |l ts presence in bot
decomposition environments. This finding was
indepenmdennment alt heexrp ousruirgesse aGubi tmdeara, s

anAlrachniweae observed only on the Aquatic Co
aqguatic colonizers using the datecmapuess ngygs raen
resource. The absence of these taxa on the e

duration in the aquatic environment or diffe

After transitioning to t hte® whudeareiraearl&recnwp r on
associ astienmd lvairt t axa to theCB8BulgaemyaVMwmLhbaatcepk,
d o me sSairccao p h a @ied anensat cuusl. Hiit sutsearl isgpppedw eidng t hi s
stage, overl apping with t Desgpduaned ogt agnane r
arthaacp codi tt\he-tSubateira al Group | argely mirro
Control . However, parti al mummi fi cation obse
arthropod access, which could explain subtle

cert axkn
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Arthropod Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14

Chrysomya megacephala | - h‘“ — - - --- | --- | === --- — - -
Chrysomya albiceps hh |
Anthomyia spp I e E— — —

Musca domestica hhhi
=

Scathophagidae | |

Sarcophagidae ‘
Culicidaelarvae __

Arachnoid ——
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Arthropod

Day 1

Lepidoptera

Day 5

Day 6

Day 7

Day 8

Day 9

Day 10

Day 11

Day 12

Day 13

Day 14

Day 2 Day 3 Day 4

Dermestus maculatus

Histeidae

Fannia cancularis

Calliphora vicina

Lucilia sericata

Chrysomya chlorgga

Chrysomya marginalis

Chrysomya putoria
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6. 3ac.card Similarity Heat map
The Jaccard simiRArityhubenttmap (Regarehropod

bet wewemhatdiqalati an@goaplSwchaer i @il glGetosipover tin
Overall, clustering patterns reveal that sin
stage rather than the initial environment. W
there are not albSlubd ae dagalaa p sa nfEa towd® b aer i al

Grosgmpl es at specific time points.

Earsltyage art hropodi7c)o mimufnfietri ebse t(®eabyaseé &€n ai r onn
Aquati i @i eups show relatively stable and pr e

similarity bet weehWcDoanysBeAtDohy 6 . d A s a@¢oetcgast ,

SubaeripilglGetosapexhi bit greater variation in
WL DayWLtDhbay9), indicating more dynamic insec
envir asmevetl | as variations i.n the | evel of @
Foll owing the environmpattérsoswitohggent Dayage

community shifts Wdat vem tdhdhmeerniceeanmdMotder at
cer tdaysSufboar¢ #Hiqailat i andgqoapduwcbaer i @é .Ld&/rauyp9

anWL Day8) suggests overlapping arthropod spe

at different times. This implies that arthro
progression rather than environment al condit
The hierarchical clustering dendrogram furth

separati SubbhedAgaknti andgoapldwcbaeriias wGresuent ,
cresnsvironment similarities indicate that ar:t

envir edrempemtdent. I nstead, the observed cl ust
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decomposition stage is a stronger deter minan

environmenitaltexxposuuvey
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7DiI scussi on

Whil e decomposition dynami c sdoachudmeanrttehdr oi pno
static environments, the effects oTfthuesn v itrhoen n
aim of thidesdcmuidlye wtalse tmate and pattern of d
colonization dynamics of arthropods, in resp

environment of t he frreemadawasaetfrr o mcsudiattiroms amo

7. Mor phol ogi cal Decomposition Pr

7. 1Sklel et oni zati on andt-@RehatdircatRema iorf
By the concl usi $mb @€ #\igd lestpsetcui nyegn sme a ¢t h e d

partial to near woOmpldekpingpkes|Tdti ®@mii zatainon nt r i

—

inding, as prior shadi deposmgpaestdygubai cr emai

environments typically do @Addatntdesrr gaon cc oRmptl a

N

Pl )For i nstance, in a study done by Al fsdott
human decomposition, of the 51 aquatic corps

compslkélketoni zati on

The nearskeolmtl ®fSiazdatti@diqalat i @i @l @uap r emai ns co
attribheedemai ngdewiitchc aidneidt it @lslsy b abeeriinagl e XPpos
rehydonacteedpl aced i nto.afdhagu dthiealoaresnéomw enaesin y
de @€o0oi(&®l024) in the Highveld of South Africa
gualitatisebpeedpl oreslue rehydration and obs
decompositionehgtdaesehdéwindgngs were then fu
Adams (2l1024) in the Western Cape of South Afr
previously desiccated remains were rehydrate

decomposition during this hydrated period

Ac¢ nyalr w



It should be noted that the repeated mechani
l'ifting the piglet,s may hdaevceo mpnofsliu e nocne ds cdoerc on
Previous research has shownimhatsdbaguiealt é&m
can alter insect colonisation patterns and r
progr,estshemeby slightly suppressing or del ay

(Schedn2a@0.7,; Shat a2a0bQvB8a)k cainatai ¢ e,nvti hiosr meingt ur

could disrupt ibsalkcacfplhtiachuagquatic insect | a
gr owt h,mashkeirnregpycertain morphol ogical feature
and Bell, 2016). While necessary for observa
recogni sedolasgiacamlethiomi tati on when interpret

7. IMRmmi fi cati-bHSubaehAgadt Remains
ThAequat8wbaspeal mevinveed i tsiuablmeyr ged i n wat er

sevdeany sunder went anmunreminfsiictaitoonoonng t o a subaer.i
Mummi fi cat iaccr owass addemreas of remains, howe\
seen in the head, n€bks asdpabdodcudiaas! yadgi on
(2024) saw that the porcine r dmdiersg .ctctaidse wer
worth noting that rainfall occurs predominan
whereas this study was conducted i n summer.
may explain Fohrshermorepamaymmi fi cation requi
occur (Mant, 19%S8&al;landnn aptoalys ; 1DHRE;MSBEYD 7

which preserves soft tissues Dhfeipmekivieqd i ifg n
previously wet Bemaunsmmgs mammma&geinregmlilsy not e
to occur in tissues that have been saturated

continued dvvhdacchpmsohi obn moi §CaerensoyoBme&6]) s
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contradi

c

tion suggests that environmental tr

subaeeti @aing, may have played a cruci al rol e

Further

temper at
mummi f i c
that the
their st

temper at

l'i kely ¢
foll owin
frame. T

(20F2Yth
pl aced f
decompos
decompos
pl aced o
studi es

document

r

a

esearch could exail oati couieltihedttihampi d
re and humidityrettahgesginhl ubaecedi
tApuattsSecbra eon aap e Girfocernpese 220 k@ por t ed

warm and dry conditions of Cape Tow

udy. Similarly, the present study wa
ures wer e fFedmd irveeil nyf ahlilg hw a sA pnpiemidnnax|
ontributedAgf oattéueb arearpiisdh edErsoieopcsat i on
g their removal from water, | eading
hese findings aligeat wRIOh9pbaadve&beoh
ermore, the concr ett-®u lsaerfiaale roemavihn <
ol l owing the environmental transitio

o

surf aces.

antimicr

(0]

t. M@ ment p(aelt X e&pnosr t ed t hat bodies posit
at a sl ower rate and exhibit earl:
nat ur al.Tlreaisbes tfrian ceisn ggsu cvhe rass ggu @EBEGTr t
onducted by Shattuck (2009) and Cog
d reduced decomposition rates and a
The del ayedndeeotmpomaiyt benaohseéebue e

bi al pr operattieas ,alvdtsi thh gsht earh kfarl a mi tt h

compodg Weeito2a0l LABI)t hough external decomposition

mummi fi cati on, internal decomposition persis

presence

of decompositiThre filnuied s all e arkaigmgg tf raa

have reduced the water content and thus, pl a

mummi f i e

Ac¢ NYIRU W
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remains, when exposed to high temperatures a

water, undergo a unigue decomposition trajec
while internal mi crobi@ne aamavden nes efcar acudlvirne
involve investigating whether(pathemtical | ¥ hiamd

by prolongémr smdbtmerde inccati on when the skin
warm conditions, thereby costerivlaat omg alt @ niglsi
intern@Bedectlgtasdsddi ti onally, further invest:]
i nfl uences ubfmetshsei ppmobsstt r at e, t o deter mine whe:
ont o which previously submerged remains are

of decomposition

Te pretseay highlights the significant | mpact
decomposition outcomes, particularly in tern
However, before transi tApuat@gcbtae ra atl e rGr eutpr i

speci mens exhibited decomposition patterns ¢

7. 1Fl3cati ng and Sinking Behaviour 1in
Not abtlhye kdagi nni ndédqgahttt® blea ert ivpdilyg, IGeatdsl pand t he

contr ol remains sankBwheay ptl ced, Aiguitact-oilbch te  ovma
SubaerimpilglGetosap( WL5) had resurfaced and exhi
continued to float and showed bl oaAguatitdrou
Contpriagll et fl oated with only the head and | ir
al i gns wibtAm dfeirmsdinn gasn d0 4dmkile e c.hak2 Q@) whi ch b
showed that remains wemkergéendiusubmetbge bhoat
sink again after bl oatSiurbgp-tsdugada tdiedsl. Grddnem o mp a
upon entering the water and continued to do

was LW1, which sank after r éeladhcehiimg toédr fd omg
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Suba¢#®iqalati ¢ce@raomp i s |ikely due to active
sufficient g@gu@ad hancurmbledtoifen siTbsmeesnobnnued f|
seen iSubatthddgallat i @i @i ®eus may be a result of
i n the aanbdd snoefr phesmomesnbpyp Abde Hw éd s(a2h0d0k4 )

where some remains continuedateatlfd(a2adt20l)ong p
reported similar findingshksnwdgdgeagtSitrb@a-€tr ir atmati
tdquati ce@aowmps in this study may have event L

extended.

The position a«cfainneimaensei pawbégfEman odestdhadtatrit i
20P2Hr anceetcha®l).2 observed that disarticulati on
regspaeci fic pattern, typically beginning in
mandi bl e were theometrsmes oasi sar ksywdartea tskl roene
while complete separation of | arger el ements
bodies with | onger postmortem sulWmension int
transiti amgad hivietroo mté@haeh a¢ Atqgailat i ¢ eGraomps s howed
dsarticul ati obubofnotheof orleé i mbsdl i mbs as wel
and neck f.r oHo wehwe rt,r uintk began first in the h
| ater seerFriamctetsste &IOR3 . f ound that prol onged
in full disarticulation, suggesting that the
due to the remains floating on theTtWwater ds s
study defined fthlehpddetsarde pgad attiiom afs skel et
another, including the detachment .of | i mbs a
Fr anc eestc haglfiRtOid s soci ated this with thle nhbi ghest

Aquatic DecomphDDett i @9naADEoa25€éven in cases wh
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di sarticulated parts remained physically pre

anatomically connected.

7. Decomposition Body Score

7. 2Delcomposition Body Score Trends
During the first seven daAoguatecbarce i athe e

Groerphi bi mBHandardi zed Total B&dpa&oioak (STB
Aquatic Boweper, after t6abat#iqgaitng &mwiumpon
di spl ayed gr eBhersiSmiBlSarsictoy eisn decheemposi ti on
Suba-+#®iqalaptiigdh eAlgsu att@ cbhapr gdetsng the initial

l i kely attri but abslteagteo dtehsec ro vpetrolras® Siint hei anr Ityh «
scoring systemsl8 acGApee mBdtendCg yns tTearhd er el y he
aut ol yisven (scthcamgaess di scol or at )whni,c hmaarrbd icnogmmao
to all remains regar dlugd sngoft heenwiarmrdriymeritagle «a
( Megetes2a00.5; edte 2a0ldde o vegh 2a0lL.7 Thi s refl ects t hi
real ity that, in the e@amliyntp®rsn anlojddeimnyléans o
decompd¥askEHgnAO this stage, the body remains

ovides a |l evel of protection from the exte

©
—

D
X

ternallPwtama7ea®a tedste 2a0l0A9 not edetb ylC@7)ert he

—
-

ansition from early to active decompositio
putrefactive bl oating and maggot activity, w
i nteract wi th Tihn tsetrihmeatli dtdhiteesuretsact , fl eshed s
early decomposition offers a degree of prote
However, as decomposition progresseésmneand put
influence of the envirodmentobtheméspmdsse po

(ForeheZz20Dbhus shtiits coincides with arthropod

Ac nyur w



and tissue breakdown, which expdRsocedriiaghuderzn al
Bass,Al®@8B8s o.n, TMResLel ) esnevnisriotninveentc hanges are di
in the scoring systems: ATBS highlights feat
of terres(Megynets RablPKdd cmwegt h,2a0l 1,7 whi | e TADS captu
aqguatpieci fic phenomena such as daddepettoenale. f orr
2010)These differences ep@diat inom hecadrineergkaecr
the groups in the | ater stages, as external
and pattern dfhudeddmpaehiathigeni n scoring syste
perceived increase in detdmqpasitignosepeantop

decrease in decomj éuibtaiean aflorgrtolugg . Aquati c

Previous studies have found that decompositi
compar ed Ma@ nl 1adShdo, ; Ro d rHaggu euzn d1 9a9n7d; teabao @, . 1997
2008 ; e Daz2b0B2I0p WHe wr i | e s ufbgmeat@ecth,aer | mé m&ir ms p
exhibited highéuba®t®Byavaali wesGraohugen on | and du
initial environment Spbatd\dalaAfitceer@ratohings tirna nwsail
decomposed moAceu atd@pcbcdley | ath mesir osifpont hand,
reitdrhatii h ¢ es tpudeysesmmposi ti on progresses fast
Du Teai tal2024) saw si mil ari nrfd dwelatosnpiorsg i tt h eoinr s
rehydr atemai ns. Theywydoradli wdhed ntfHatenced t he
decomposition and subsequent rate, wesh rehy

(du eTto kadl 2.4,) .

The contr ol piglets initiallyndeveaim®ysf somd
| apMaen 1a99.0,; Re d rla9gOblrg;g |l und an;d Beo 2p010.8;997
Daleal 220012Dhe Aquatic Control decomposed mor e
whereas the Subaeri al Control followed a gra
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a higher

freshwater decomposi

accelerated decompos

at water temper atu

erved in the pres

eanivec rammamtl i kel vy

aemnviat oAn npeonsts i bl e

ect

environments

piglets in aquatic e

mai ns, |l eading to

018), which highli

cel erati soft ti

ng

bat#®diqalati schGmweuwWp a

suggesting that

AYyTeBrSs v(ad QuleQ)

f o et o2a0 1p8p)s.i tTi hoen p(rCorluo nsgee d

rema i

repordtawdswi mhl pargreaudt

ng MBome ICaaepriydzley (t2h0a2n2 )t hno

i ti on iNwottahbe ypi ¢ lheeti rc asrta

res remaidrmaed remal eard stoh an

ent study. This tshweeggest s

to be driven by water t

factor contributing to t

activityul Brpyebbhowpbrmnovmmjirapar Known t

prese

nvironments may have res

significant ti sestuealdegr a

ght the role of moisture

ssue breakdown.

strong correlation bet wi

ns initially decomposin

effectivel Adjscotredl TctiAlg) EBMWedgye €Ssea0l0.8,; ( & ou gh

al20,17)Toamd Aquatic

t hat P MI estimati on

proof of concept, fu

Subaeridaémenotupat ed

remains initially de

with existing

Future research shou

terrestri al shifts,

Ac nur W
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7. 2Ef2f.ectafv etnlees sDecomposition Body Sc

The effectiveness of decomposition scorin
critical consideration when evalwuating postn
whi |l e t hies B@iltt and B8rodly Score (STBS) provided a
decomposition progression across difsferent e

(ATBS angyvalrAibDesd i n their effectiveness.

Subat#®iqalati @ x@n ®duped decomposition trends s
TADS were ed@édsercithbiveg i nhe derceommapionssi ttihoant cihnaintgi
decomposed in a subaerial environment before
Aquatduwbaer i,alwhdrcohrupunder went thesulkaerisal tr e
demonstrated that ¢haesswarpe pDapgnpsl ga csalybsl ¢ee hosrv e

even when standardi zed.

The initial simi$wabat¢aigalat SEBAq b & pSwebeare r | al

Groamp Day 7 suggests that both groups exper.i
prior to the environmental switch. However,

decomposition tra$elwdwddigalat vas@obepgvedom | a
water, exhibited a r akhguati@nucbraea s alt nGa LIPS, o m
from water to | and, displTdaayesd decd umset arst imols't
attributed to the changeSubnaeacoremgi s8gsweme
scored using TABS while in the aquatic envir
the subaeri al environment. ATBS does not acc

characteristics resulting from an aquatic en

Forbega&l019) highlight ed stkhed eltidmiidzsadtiisoorise loyf «a
bone exposur e, noting that mummification can

desiccation that may not be adequately captu
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t hat t
decl in
hi gher
Tot al

of dec

Anot he
ATBE&eo
patter

factor

Thi s ¢
mar ker

effect

post mo

esti ma

Ac DI

he drymay bdveofnfhiuescued the scoring

e AgQuattit@Bbdenri as Wrohpnor eonenexpasnot
wS it hi IAG B St o tFhoer bperdedsl®efin@ ) tshteurd thhh gth | i g ht
Body Seaggeas 28(DT5BS )b e(cMi med ulrda snsg rtenlei dhbalteer

omposition of the remains in their stu

r potenti al reason-bfacsre dt steoe i Nign diyrsd € r
tegh2a0l1.7)do not account for the wunique
ns associated with aquatic environment

s which can result in distinct soft ti

ctaenrtrlieys tfrrioamh decomposition. Consequent
c to a texirsetsitimg adfeecamnugroessigtmagym en ot al i

ia used in traditional terrestrial sco

osition progression.

research should explore the devel opme
e complexities of decomposition in alt
orporate both terrestrisalri agd aaguati @c
entation of postmortem changes when re
ould involve refining existing scoring
s that capture t hgeesds ndferdnedao g es iatnidon r
ively. Additionally, experimental stud
ssion across different environmental s
rtem changes maond esul winmatrelvargnmancio

tions of t.he postmortem interval
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7. Arthropod succession

Calhbr pdae, Muscidae, and Sarcophagidae ar
remains and are thus etft. Ab2@@h&ji.cadahpind ;t aThecneb
and Mukar atThe wfai, n2i02d9 .of the present study
Calliphoridae were the earliesetcal2d20h0%)erst @
t hat Sarcophagidae are primary colonizers 1in
were documented as secondaey (ool Dalya@&€@i3ali app
Aquati @an@r awp ce (onAqhuaayt&d uchb aand.abA Griomipl ar pa
was observed. ag2Mab) kam atbdba@ntcass easyi mnHar ar e
although no explanation was provided for thi
reason for the del ayed appearancepossiSalreoph
l i mitations of the insect collection method
approach wdgy maiti temt ifroal capturing this parti
intervals were insufficient to detect their
mi crovariations at the site, such as shade,

havef | uSeanrcceodp It @ ¢ iodh @ € ait o (oOha nbpeolbdavadl @. 1,)

Latsearagpd ons wehr sas Col eopterans, typically arr
preferring desiccated ti dsAumeatddat20itepshCdeic®
al, 2018; Temba anTdhiMuksatruadtyi rawai,g n2sO 2wli)t.h t he s
Der mensatcuuslaantdu sHi st eri dae were documented in t
acr9sbatAiqalat i cAgGrant@pcbaer i,alanGr otuhpe contr ol

Not abl vy, Hi steri dae wer e ondlayy o7bStedr %o foln t h
Aquat i can@raolglp t oAgqluiatt@fucbaer i.dhi 6r paptern sugg
certain Coleopteran taxa, such as Histeridae

unli kely to colonize submerged remains. This
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beetl es, whichuarvd vreotoradaptagge tumder aquat.i c
typically predatory and rely on the presence
are | ess accessi bl e orFuarbtsheenrtmoirne ,a qHiiasttiecr iednav

and would be deprierd rod(nKneeviagusg ika ainnd. aCgau aetrii cn ¢

Despite the environmenSuabattdianlst it @ o@rsoexper i
Aquatduwbaeri,alt hGr omigpj ori ty of documented spec
on remains across both groups theronegshtowst t he
macul aHusfFaenndae cdnicclli aCbeysaemaya, margi nal i s
Chrysmenyace@Phraysaomya Chi pysopy&Lap ytsomiya al bi c
Musca dopmastli 8arcophagi da&eh.r y@fo myhae syre,g asciexp hsag
Chrysomya ,Chl pysompy,&Lap ytsomiyaMuwud dba ckegmanti c a

Hi steridae) persisted despite the environmen

The species composition observed in this stu
forensic arthropods in subaeri al detc.coanlposi t i
(P9) studied decomposition in Bloemfontein a
Chrysonmyuasci dae, Sarcophagidae, and Der mest.
(2021), in their siWNadwlc¢conmdurumedthien sloWwE Hu les
Musci dae, Sarcophagidae, and Dermesti dae.

Studies examining forensic entomology in aqu

species compositions tetthRh¢2860BhN fbendrebant
t he LCehmregrsammy aMusci dae were dominant 1 n aquat
(2011) simil@htys, dovuasnce ndtaeed and Sarcophagi deé

decompositiomrtstaj@p.l9haddadiher expanded t hes

Ac¢ noml W



Chrys,omyuasci dae, Sarcophagidae, Cleridae, De

aqguatic forensic settings.

These findings collectively suggest that env
which i nsect spelcn ®tse ad, ohe zaemg catad ensssh SO age
appeémosta tAeépu baeri al piglets floated by day t
to be the primary factor influencing insect

ti ssue changes rather than specific environn

A notable exception to thiMsntthroshmgi,a, hovwe cdir we
exclusi veAgu dtduchd eo nm a ¢ ma&lrhoes pp r eSretnicosnpypf.a
exclusAgyehyrSwhhaer i apecGrmemps, i agtu pdppsear i ng
and persisting after the transihea omr e€soe mc & ea
aduduggestsemanamgbhthe experiencec€oaquati ¢ 210D
similarly documented the presence of Ant homy
the idea that this taxon may be adapted t o,
been submerged. The foreammshas shg®&@mhdénataed ehyo f
et. al20Ma& pietma(dl0.14), highlighting their pot el
Their excl usAiquett@icbaencrém®B®irosupin this study
i mportant questions$ reda&rdinng eccloenprosedc olomg iaa

serve as indicatorsfofopndoonasguhaeci akpoema

Further research could explore whether Antho
behavamusgswbmer ged remai ns, as wel |l as their

where bodies have beenpomsvedr Relchwe ¢ ®mnanVviyr on
investigating their 1ife cycdlseucihn arse lwaattieorn st

temperatueoudnd pdeowytide valuabl e insights ir
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Fi nad ltyhe aAquatic Con{mbtebetgher i ositurbgteag ail
arthropod | arvae exhibited behaviour al respo
ont o t hercornetlacicnaetri ng to body regions that r.
aligns with the observations of Payne and Ki

maggots actively |l eavi.ng partially submerged

A similar patternSama+#@gdladn sDpddyc o8mmwhse nwe r e

transitioned into the aquatic environment. E
to regions that remainexdpossdbameegsedt opconti
devel opbebgavifTespahse suggests that while ter
establish early decomposition dynamics, a su
insect activity and may i mpacteosearahl cdelcdn
whet her such | arval relocation influences po
devel opment time, particularly in cases wher

transitions.

7. 40 mitations of the study

There are several | imitationsThfeoomlthe st
A q u abteicco mp dSsciotfAedd () , devel oegpte d2I®.Yy0 Heawadasn desi g
specifically fofmhiagdudttudwy matni Irieaznad nEsi.gl et s a
decompashietrisdoomee modi fi cations to the wording
necessary to account for anatomical and morp
descriptions themselves remained unchanged,
appli oabiilnittey pretati on. FurfTAb®ronmrgqgr ¢ ihree arce
was tiemsttehde pyr eBBetmntsschidyse i s not yet fully

el ement of uncertainty.
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As t hipr eoeidso naseapmdyt h antobjeeatl iuae e t he accur a
systems in varying environment al conditions,
met hodol ogi es have not been extensively stud
l'imiting the avadawvbbi andypofenbmphratatveect.i

findings.

A notable | i midamdialnl odt udiiess stshudlthausd heB3$ i m
scored as a single anatomical uni tet walt.hout

(2022) proposed and applied a modified aquat

remains that separates the | imbs into upper
thighs, |l egs, feet), this anatoomiigasl, rhe aldad
equivalent | i mb segnmenheastti oonf. tAMids ta wtnhad rl &/s
modi fied system has not yet been validated a

standard decomposition protocol §ADAsé¢tleah ont

al20,1was used in this study. However, this pr

portion of a |imb decomposed more rapidly th
and potentially reducing accuracy.

Whil e piglets are commonly employed in foren
composition and decroempaorgeineaesaat gmioc&lIsilsye,s, t he
mor phol ogically, and physiologically from hu
decomposition rates and patterns, particular

structure. Consequently, fiondifrmudgd ybiancdtdiecacn p
ofdlecomposition dynamihcoswenvfedrb@ snapr e €eeaai ngener
decomposition that are IUsk enlgy pri gfsl a mt edce ciormph
research presents a |imitation, particularly
such equations cannot be directly and reliahb

Ac DT W



( Gr u eentt Raflll. 2,) . However, this study did not ai
equattihemse,froasecairééeshevant and applicabl e withir

f or enesnicce s c

|l hbhe present study, the piglets were placed
the research si tceo.ulTdhihsaviei miltl odvesdp & wirng he 0«
contamohatdeoomposition f | uibckd,weedolo regrtae anrsd |
current stwudy, there was no observation of ¢
Experi mental research underscores the import
independent decompositionbom@nesepacat sondlgetew
t he pigstdroaatviodrd amd maintain autohmdma s ca
al2a02Whereas some studies hawme tdaias thd rad en etdo apn
art hr o pcoodn tcarnoiBrsatreiita 8a0l . B,h e s ei pasachi ghl i ght how
pl acement hlang tideihs tassnce used in the current st
dynamipegs nitting transfer of fluids, altering

bl ending decompaction products between adj ac

A further I imitation in the current study is
two days prior to the plRefermeqéer atni drmheslisdwdgy
arrest, decomposition baynas a p pbe éesaskidnogw nmi cw hoi bei |
biaarsltyage decompo sAisthibaeitdtgada?j Oe2c2t)o rnicetse.d t hat

del ays decomposition t hr ougho nmeoritsst uared abalb bhse
found t hat zepnr epviigosu sdleyc 6fmpoa s el 9§ sl ower compar
specimens. These factors shoul dekéeraoptod ade ng

forensic scenarimnet wheaer gwrhmae mts thaveol d st o

Ac nowvur w



7. Future Study Recommendati ons

To advance the understanding of decompositi

studi e

S should incorporate sever al met hodol o

scogéde. findings of this study highlight seve

enhanc
examin
humi,dn

and th

remai n

Future
terres
produc

Prior

Ac¢c nwdar

e understanding of decomposition in tr
e the poten,piralmpt elde bgf imagirédcdin pinsg b e
tyacilitating thea emammisi at atyi sombomles ged
en placed in Rasthaediaal a¢neint o ome Tt ul
alterations in the dermis, possibly re
s are subsequently exposed to dry, war
on tder wmptpiaocrenaf pexternal tissues desp
i tion, tshueb memrfsliwenncseurdfacposstubstrates ¢
ts fuobhhebeegapmbnanhg whether the type

s are placed i mpacts decomposition rat

ols in forensic contexts.

ologically, there is a need to refine
mplexities of alternating envi-ronments

ic scoring modi fi ccat(iZdn2sl )s,u gagse sweeldl bays

pment of an integrated scoring system
osition features more accurately. Such
rtrem interval ( PMIt) pfl ereemearha iemsm osswh jeesc

research should characterise the VOC
tri al and aquatic envrrommentss ont eseinhn
e distinct odour si@gmat u radeesoemapl oastiitvieo nt

studies demonstranelaypsditsenvheoheaest bsbpe

L



profiles for terresttiri b h2aklMgl sevis DRSS, ged r e
Bomeda 2a0lp.4, but comparative | ongitudismnalbl @at ase
environmenResearkbhcknbhg. this would address t
dog trainingoaedcal ebmabtmboeteasnarmhiles in non

environment s.

Finally, further investigation into arthropo
devel opmental dynamics of Anthomyiidae on su
forensic markers. Understanding hohw eannvdi r onn

temperatur eciohbDhuasnadt € catrhveailr devel opment may |

estimations and provide insight into postmor

8Concl usi on

This study ehttestsgafedntvtheonmental transi

arthropodspecickessalbhy examining how remains

subaeri al environment responded to subsequen
findings provide valuabl e | esingletrsiaigiteos nlaa w
environment al Iciomidtioaftiiemxnsssamaeadgt i®@r ensic scori

scenari os.

Th e sdendoyn stthreedtnead ns i nitially exposed to a s
submedscomposed at an accelerated r-ate upon
compslkelkeetoniThasi onntrassseawchhtpranévsaggests
environments generally sl ow decomposition, a

accelerating soft tissue breakdown.

Remains initially submerged in freshwater be

mummi fi cation, r at her dehcaonmptohsei taingteihciltpleesse df ic
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traditional exwplmdragiiomsdedompwmesdi ti on and su
t ransciotupllodag a significant radloeng nwistohf tp H icshsau

time in water, and chemical changes as a res

The study assessed the reliapAtljuyted dWetcalmpl
Score and Total Aquatic Decomposition Score)
shifts. The mBeswhtbsei hdecatedi hg systems eff
in remains transitioniagvirommansubilkey alvet @
for remains from an paguatdiucntrohnys tbaeati ah, seh
seemed to alter the scoeshgthecoeradyfofhesgséi
scomomgl s or developing new methodol ogies tF

alternating environments.

Acomprehensive survey of artplhrsopgoodns gpawiie Dna
was pr.oviihkedtudy found that arthropod succe:
across conditions, with Calliphoridae and Mu
appearing |l ater in the Adnetchoosnpypsai weoer ponoodss
exclusively on remains transition from aquat
potential mamkner sfiom pxptosure. Additionally,

behaviour were documentednwleanwiro@madeimggst r pm <

more insight into arthropod activity in fluc
Overall, the study eadmrtnrcii hngt ¢ het anfderesnainads r
i n alntgenrvniarton ment s, refining the applicabili
identify potenti al f or enshav e nit mpnorl toggryt mamgkle
forensic i nvest icppastdisombnesda repsa rdti isacwlverrleyd iim s et
could potentially differ fr,onm uchheias ocasgdsnail
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areas ofWhfilmodihng stuadfgomeepts Barahprooéesesc
expl omechamirs ms ng these observed decompositi
systems condiar cabberednniec esti mati on met hods

interval of these particular scenari os.
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Anatomical region| Score Description

Trunk Fresh Stage:

1 | No discoloration or insect activity.

Early Decomposition:

2 | Pink-white appearance with skin slippage and some hair loss.
Gray to green discoloration; some flesh relatively fresh.
Active Decomposition:

4 | Bloating with green discoloration and purging of decomposition
fluids.
5 | Post bloating after release of abdominal gases, with discoloura
changing from green to black.
6 | Decomposition of tissue leading to sagging of flesh; caving in ¢
abdominal cavity.

Advanced Decomposition:

7 | Moist decomposition with bone exposure, less tharhatieof the
area being scored.

8 | Mummification with bone exposure of less than-twadf of the areg
being scored.

9 | Bones with decomposed tissue, sometimes with body fluids an
grease still present.

10 | Bones with desiccated or mummified tissue covering less than
half of the area being scored.

11 | Bones largely dry but still retaining some grease.

Final Stage:

12 | Dry bone.
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Anatomical region| Score| Description

Head and Neck Fresh Stage:

1 | No discoloration or insect activity.

Early Decomposition:

2 | Pink-white appearance with skin slippage and some hair loss.
3 | Gray to green discoloration; some flesh relatively fresh.

Active Decomposition:

4 | Discoloration to brownish shades, particularly at edges, snout,
ears; some flesh still relatively fresh.

5 | Purging of decompositional fluids out of eyes, ears, snout, moy
some bloating of the face may be present.

Brown to black discoloration of flesh.

7 | Caving in of the flesh and tissues of eyes and throat.
Advanced Decomposition

8 | Moist decomposition with bone exposure, less thanhatiof the
area being scored.

9 | Mummification with bone exposure of less than-twadf of the areg
being scored.

10 | Bones with decomposed tissue, sometimes with body fluids an
grease still present.

11 | Bones with desiccated or mummified tissue covering less than
half of the area being scored.

12 | Bones largely dry but still retaining some grease.

Final Stage:

13 | Dry bone.

Ac¢ NNEILM LW



Ne Ao ¢ o7 YT ! IOEHY I DIOEN7ERIO9¢ qNYIl RIJE OnY !l OGRG AL IO~ 13N! 1Jt RIOWq K

Anatomical region| Score| Description

Limbs (each) Fresh Stage:

1 | No discoloration.

Early Decomposition:

2 Pink-white appearance.

3 | Gray to green discoloration; marbling; some flesh still relatively,
fresh.

4 | Discoloration and/or brownish shades, particularly at edges of
projecting extremities.

5 | Brown to black discoloration, skin having a leathery appearanc
Advanced Decomposition:

6 | Moist decomposition with bone exposure, less tharhatieof the
area being scored.

7 | Mummification with bone exposure of less than-bwadf of the areg
being scored.

8 | Bone exposure over o#®lf of the area being scored, with some
decomposed tissue and body fluids remaining.

Final Stage:

9 | Bones are largely dry but still retaining some grease.

10 | Dry bone.
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Anatomical region| Score Description

Trunk Fresh Stage:

1 | No apparent changes are visible.

Early Decomposition:

2 | There is a slight pink colour to skin.

3 | The abdomen and upper chest show yellow/green discoloratiol
marbling, and the internal organs are starting to decompose.
Advanced Decomposition:

4 | The abdomen has dark green discoloration, mild bloating, and
initial skin slippage.

5 | There is green/purple discoloration, extensive abdominal bloati
(feels tense to touch), and exposure of underlying fat and tissu
6 | Black discoloration is present, bloating is becoming softer, and
there is initial exposure of internal organs and bones.

7 | More tissues and organs are lost, more bone is exposed, and i
formation of adipocere is happening.

Final Stage:

8 | Complete skeletonization and disarticulation occur.
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Anatomical region| Score| Description

Head and Neck Fresh stage:

1 | No noticeable changes are observed.

Early Decomposition:

2 | There is a slight pink colour and darkened lips.

3 | The face and neck show reddening, with visible marbling on th
face.

Advanced Decomposition:

4 | Bloating of the face occurs, followed by green discoloration, an
the skin starts to slough off.

5 | Tissues become exposed on the face and neck, displaying
green/black discoloration.

6 | Bone is exposed, concentrated mainly over the orbital, frontal,
parietal regions, with some on the mandible and maxilla. Early
adipocere formation is evident.

7 | More extensive skeletonization occurs on the cranium, leading
the disarticulation of the mandible.

Final Stage:

8 | Complete disarticulation of the skull from the torso takes place

accompanied by extensive adipocere formation.
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Anatomical region| Score| Description

Limbs (each) Fresh stage:

1 | No noticeable changes are seen.

Early Decomposition:

There is mild wrinkling of the skin above the trotters, possibly w
2 goosebumps.

The skin above the trotters becomes white, wrinkled, and

3 thickened, with a slight pink discoloration of the limbs.
Advanced Decomposition:

The skin above the trotters becomes soggy and loose, and the
4 marbling on the limbs, mainly on the upper portions.

Skin above the trotters begins to slough off, revealing yellow g
5 to greenblack discoloration on the limbs, along with initial skin
slippage.

Lower appendages undergo degloving, exposing large areas o
6 underlying muscles and tendons. There is patchy sloughing of
on the upper portion of the limbs, with muscles, tendons, and s

areas of bone exposed in the lower portion.

Final Stage:
7 Bones of the upper portion of the limbs become exposed.
8 Complete skeletonization and disarticulation of the limbs occur
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Stage of ATBS TADS Similarities Key Differences

Decomposition | (Subaerial) (Aquatic)

Fresh No discoloration| No noticeable | No visible No differences
or insect activity | changes or changes; skin

discoloration appears normal

Early Pink-white Slight pink Discoloration, | TADS includes early
appearance, skin colour, darkened marbling, internal
slippage, some | lips, marbling, | bloating, early | decompositiorfwhich
hair loss, grey | yellow-green skin changes | cannot be seen when
green discoloration, doing superficial
discoloration, mild bloating scoring)and aquatic
initial bloating specific signs like
(torso), purging soggy skin and
(head) Afgoosebump

Active Green to black | Green/purple to| Increased TADS includes
discoloration, black discoloration, adipocere and limb
purging, sagging discoloration, bloating, degloving; ATBS
tissue, caving of| exposure of skin/tissue emphasizes
abdomen (torso) internal organs | breakdown, mummification and
brown to black | and bone, exposure of tissue sagging
leathery skin significant internal
(limbs), soft bloating, early | structures
tissue collapse | adipocere,

(head) degloving

Advanced Moist Extensive bone | Bone/tissue TADS includes more
decomposition | exposure, tissug exposure, severe disarticulation
with bone loss, early advanced decay and adipocere; ATBS
exposure disarticulation, | indicators focuses on
(<50%), widespread drying/mummification
mummification, | adipocere
greasy or
desiccated
tissue, leathery
appearance
(limbs)

Final Dry bone, Complete Presence of dry| TADS emphasizes
possibly skeletonization | bone and near | aquatic disarticulation
retaining grease| and complete soft | and adipocere; ATBS

disarticulation, | tissue loss ends with dry, intact
skull separation, skeletons

extensive

adipocere
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