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Abaieact, The deteriacatinn ad disactoglarion of wal cacasess, exntaed in caves o, Cocsael] Crage opnr
Worksop, Mottinghanishie, hos been investtpated over a five-year peried, ond the involveinent of arthropods
with the decomposing mnterial examined. Following consusaption of sofi tissues by dipierous laryiee, the fate
atthe remainder differs docording 1o degth, Antnalscloseto e cave enirance are likety 1o be mummified. Thos:
deposited fanther inside are fisst colonised by fungi and then aecked by dipters. Desnicelation and
skeletalisation uswally ocour after 2-4 years, iF scavenpers are exclided. Fos several vears, camon provides a
liahien for both covernicolous @nd non-covermicolous. anthropeds, e Later disrupting tie treshold cave
comibimty, I the bypegenn cegion, the over cepreseidation of seme sroglophilic species. changes ihe
cormrnity sruchure fog & beast vt Venrs Al careass deposition, although the nod-cavemicolows srbropods

s disappear,

INTRODUCTION

[recrenposition iz responsible for over 353% of copimumity metabolism
in temesirind ceosystems  Putman, 953 and inverfehrates play 2 vital fele
inihisprocess, Hwever, mosicar |y investigatens { Saecie, | 93T Drffiedd,
1937l Kanfman 1937 concerped carrion and sther materinls exposed
oi the growid surface, & did work by Paman (1977 The most
comprehensive study of arthropods assocted with verebrabe remains
{Pavncetal, 1963 21 seg, b ooncenirated on Sorvion decemposition shave
ground. However, Povie etal {1908) studied pigs buried in colling, Five
carcass siages, each widk a specific microcommunily, were identiled:
fresh, inflanon, deflagion and decompersifion, disintegrstion g
skelejalizsizon, Carcass weigl declined more shaw by than on the srfnce
anid differen) ergansms Macked Me remnins, Foroe-cighi aflsopad
specics were recorded, 26 notimplicated in abovesground decomposition

ogpieelogsn oo wesh Tirrom s Do e civers sl s opoiis
| Pack, 1975} Arthsopinds sitracted W carriof in caves My move or byry
it. disturhing cave sedivents (Macdopald, 1992} or disruping
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archagological deposits{ Atkinson, 1957, Steen 1983 | Cligochacte wonms
ay also be responsibde for such bisdurbation {Thomas and Baiteell,
1957 ). However, expetly how animals decompose incnves, which are the
masl fospodiant Pritish sounce of fossil vemebraes, nnd a key spurce of
informmatio on early humans i3 poorty undersipod. Many vertebraies live
o over-wiinker in caves and somie use them (o cache or ead food (Andiews,
19540, while otlers simiply Gallin { Shopman, 1981 ), Inevitably, some will
die there and linke is known 2houl kew ther remaing wre incorporsted
inin cave depasiig

There ore slép impeftant implications jof an envirenment Whers lack of
emergy lunls cave papuintions {Jefferson, 1976).

STUDY AREA

A wndh woe coiriesd s A Urmaeill Oraps BERL BRI o
fapnesian Limestone gorge on the Derbvshire and Noptinglsams=hire
totindary, which iz ane of Bridin’s most imponant archacobsgical and
paleomwalopionl s APl 1y
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e caves ot Ureswell were firsl excavaled

Ihewe kiriet 1ETGY. The latter coneloded thal Rob

"l:\. Siello (1R and

im Hioeed s Cave lad served

i hignan babitarion. Work was alse carried aul
g 119490 and Camphell (1969) Lnvestipations in the 1950s
hiav e been reviewed by lenkinzop mnd Gilkerison { 1984 ) and Brages et ol
(1955 L Particutar reference shopid be made to Cave Soience | 1B, Do 3,
1989 largely dedieatel 0 conteonporany work ot Creswell

nsa byvent den and proy
by Armsinae

P caves, situsind an opfinsine sides of he gorge, were ossl mods
stacly, Lang e abzervations commenced in Church Hole Cave m 1456,
with o secoml, shorter, stedy jn Robin Haood's Cave in 19859

Church HoledFip 2115 sitdaled nhe Mamh facing side ol the gorge wul

2 0 finear, vadese cavon with nsmadl] sude chamber £ metres inside The
rooinpess froam Fmfegh ol the enimanee te a Gin crawl ar & hm. fevond
winch |||_l_'i|l: daes nat

cirate, The cove lermuinmies in a chambser backed

v o wertical closel chimney g 4 3m

Roabin Head s Cave (Fig. 31 om the South Geanse shde of the porpe isthe
miod sxtensive swstiem al Creswell, consisting of Towr main Chambers
connected by & series of pasinges. Tle cave is mossly

with same vacos: G

ol phraclic arpgin,
lopment, There are thoss cdrent enirances ardd the
A imum penctration e the clifTis 58m, Sinoe tse ey PR

SCAvVES

heave bewn probecied by metal grillesthot deter cnsual vasitors bug allaw

aceess By lsverehrabes, small mamimals and  binds A camprehensive
urvey of the Invenesbmtes of Robin Hoed's Cove was carrisd
[ epreli-Miehd { LY

e
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24m
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METHODS
Clhnreh Hole Cave

Oin 2Ard Apil T'ehids, !-".l:'"'-r.r;||:_||q_' Druwley {whitelmeskilled by exposure

o garben dioxide, were placed a1 4, 12, 24, 36 and 42monto the cove (Tig

2y A further three Tals wens |'u_-_-||i.;||'u_'|_'. ns conlmls aursicle. Fach rai was
covercd by g dome of 17 gogpe checken wine secured by stomes 1o dete
semvenmers, which may alffect ipsecrsuecessbon-{ Ellison, 195k

(Hher srvestigarors, moskly working above proand, have wssd cals
(Hlinpworth, 19275, shicep (Deonier, P07, s (Payne et ol 1965 o
ged.) and humams (Redriguez and Bass, 19831 Although small poden
vibrcasaes rarcly last lomg enengh 1o illusiraie the complete decinipesiten
v CEraineiogl, 90 ), prowiows obsreatioms o i Temel!
Mield, 19851 indicated tha in caves semall carcasses could prowvalbe
sufficient infomation,

[lse ras were examined three liones pser maonath for thres manths snd ilen
wthly until Oerober 1990, when mepst of the remnins wene vandalized

Each time the corcasses were described, phadograplied aml weaghed (o

[ a} i |'||||:L_.|| cover and HIpLeran qelively swere recaomiled v 025 seale

nrel insed

ceiticisooblectzd foridentiBcaln '.-_':l'||"q.":'.'|l|:r-.'-|ll-.||ll midihy
readings were laken al fhoeid leyvel acdm intervaks mio Be cave Addiional

ralg wiede olaced nd Am and Tivin in -'-_|.|l| |9ET

Pits

Avans

Boulders
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O Gih June 1989, M4 rais were ploced i the cave, sight each a1 7.3, 37
and 43 metees from the entnce (Fig. 1), where holes jnbe cave floog
allowed perspex tanks W be set level witly O surfoce.

Fach 320% 225mm tank was [illed with 3 100 or @ #Hemm ol sweved
cave carth, afler pantly filling the tanks with concrete made with cave
sediment Thie armpeement allowed tee effects of sediment depehk on
decompositzon i be examined (Macdonald and Terrell-Nield, 19911, At
cach site twoconirol rans were ploced an bare rock. All tanks wers covensd
with chicken wire 10 exclude verebrale scavengers,

Carcasses were examined each wesk for 7 weeks, then manihly until
May 1991, after which the tank s were removed for excavation, a process
descrined i Macdonald, (1992} On oeach visit the remains were
photographed, weighed, insectscollecied and lemperatsres and hunsidsties
reconded

The cave Fauna was surveved by piifall iraps, very efficsent af catching
inveriehrates in caves {Peck, 1978) Six traps cach containing 10ml of
thylens glycol-based preservative were sel 81 cach siee and examioed
modthly for ten mondhs before (he rats were deposited, pnd then For the
lellowimg two vears,

RESULTS
Church Hole Cave
Termpgrturss and Humidities

The entperniure profile of Church Hole (Fig. 4) fppifics o well-
ventibged cove, and follows the pattern deseribed by Smithgon | [952).
The masimum temperatwres decline with inereasing depih, and the
T R MRpRTARE LS i gradhaly , veduclovg the ramps Tlo 1100 &
the entrance 10-4°C i 42m, At the latter the average annual temperagure
was 8370, almest the =me as al $minte the cave. However, i 95%
confidence lunis o -+-0, 280 were less than balfthat atthe cave cinlrapes
PESH0 ke WS, whedt Wi addi e eore Thvih e ke,

[heeper in thae cave the air I3 almaest satwrated (Fip. 5k especially
summer. The avernge humidivy is slightly higher dean reporiod Gor dry
carv sy Uadee 1 Y, wd v wiond b comfidenie i e B <1 ) 08
and Y5 5% - | 35 indicate lidde vacation in msge bebween the eprance
and 4 2im,

Chphs e v gaTEas

Decay followed the pretern descrabed by Meginin (1854) and Payne e
al. (1968} Although oo smudl b show o “bloal™ stage, wet und dry deeny
prinses were valien, as WS B pubrefaion Bage v thest cim e added
mumnatification, not usually ssen above ground because ul'_"'-t-aﬂlﬂ'ir:g
and scavengers, excepl in cass of low temperature preservanian (Doyle,
[ 59). The fiste of the Church Hole Cave rals is ilustrated in Table |

Adfter a 310 day “Fresh™ phase { April 1986 was cold with femperatures
of P or less) cach carcass began wo putrefy, a stage varying from 7 days
feoitralst 10 65 days in the deep cave. Carcasses were almost always
colunized by sarcophapus dipiera, especially Calliphors voundewrma(Tables
1. 2 and Fig 81 This did not happen 10 mt 4R. which was bined by
Mecrapforur humator after 20 days, The contrals ond rat & were par)
siripped by these sexion beetles, bul the sediment was tog shallow for
itrial, Animals at 36 anpd 42m oo the cave became breedong sites for

Helwamyza serrala, which is reganded asa toglophilic dipteran e fferson,
[976),

Fungal cobpnisation (Fig. &), which for careasses more than 12m o
thecave preceded dipleran colonisaton, begonwith agrey-blue Peoicilliumg
species. This was followed by a basidiomyceie (which never produced
spores | and Mucor buaemalis. Both are white, the former looking like kose
coltan wool, the tamer erece with typical Mucor sporangia. Fungi fira
appeared whers the appendages ond bead iouched the surface. Lager,
orange Fresariiom culmorum and dark green dgpereilfve species were
abserved, Fungl were viable on the carcnsses throikthout the experimant,
eventisally growing on exposed bongs

Puring Celfipivara colonisation the fungt deteriorated, afthough when
Larvae el o cepade (odues taking, T dnd tssues with themy, the mycelin
spread anto the surrcunding sedinsent then degeneraied. At 42m into he
cove, lhe resing bodies of Miceogsous were observed, these black
sclecotia persisting for severnl vears.

The fate of carcasses depended on logation. Al the entrance,
matmmi licatinn occirred, the skin decompaosed prslunlly syver the vears,
gecompanied Py slow dispmiculanen, Farther img the cove, wet decay led
i e Srsmtucalaebion afbes Vive G yem (Valole 1) Camomssts i e
cave areas decomipased much more rapidly than 0 drier regions

esarticulntion began as the il hopes aivd mandibles detpched. Later,
wesvhenh el separaiod week e skl wondvally wesiesd ey Ben il
carcnss. Evenpually, major fimb bones detsched. Carcosses deposiced
belween |2 pid 38an were larpely skeletalsed by the fouph vear, the
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600 -ified

Days  Cont 4 m 4 m 12m 24m 36ma 3bmb 42m
SINCE rat lefi right rat rat rat rat rat
deposit i = o
0 g Fresh | Fresh Fresh | Fresh | Fresh resh ¢ Fresh | Fresh
20 sRancid g Bunal ¥ tRancid T
40 Dry  |Rancid uried § Rancid 1 neid |Rancid  fRancid
a0 decay ¥ - +
80 1 Wet b4
1040 decay | Wet Wet Wet | Fungal
120  |Mumm | Dry decay | decay | decay | decay
140 -ified | decay Dhsart | Part ¥
160 disart
180 | ) Wet
200 T Skin | Mecro. ] 1 1 1 decay
300 *decay T emerg. | Part T Part Disart T
400 Scav, dizart disart
500 Mumm 1

00 Buried | Skin

1 Skin Dry
1 Bone
and and and

K00 Part decay | Disart | skin dry skin

Q00 dis~ ! anl decay | decay decay
10040 art [ Dry dry Bone

1200 decay | decay * decay

1400 i Spail ¥ Bone
1600 1 Dis- heap | Dis- Bone |Bones decay
1800 4 art flat i art decay fpread

2000 Scav, ¥ TEcay, ¥ 4 =

Koy o torms:

Rancid:  with strong odour and active maggot colonisation

Scav: scavenged (carcass removed via non-human or human activity)

Disart: disarticulated, typically tail and/orneck vertebme separated, followed
by Limb disarticulation

Mzcro: Mecrophorous investigator

Decom:  decomposing/decomposition

Tabde 1 Charel Hive O comdition ol faf carcosses, | 086-5 @00

bares spread over o radios of 0.2 5m. The trunk region reanaised miacy
dlibough the verigbeal column olten sepasised. Exposed bonss Trons the
woeal sheboion becams browamn il shiny abler 2 = 3 yeors, bat skalls
reprained white, Altheugh she shoilswer enrcasses were vandalised in
19, the rempoims a8 24 amd Man were wntosched and sull partly
articaluted o 199, The rai buried by Neceopharie would reguire
permission From English Mature lor eXcavalion.

L arizss weight provides s mins duanivative assessment ol decompisition
iFig 7 Wenght beas, dise mainly o consumptian by dipieran larvae, was
very rapid for the conirake snd sbower withsiereasmg depibinco the cave,
baag eventuadly ccasses nveraped 27% ol their freshoweghl Typieally,
i 2 B350 rawns pedduced 10 36- T, the weight ofthe skeleon and dried
skan These resubis peres with Uwase o Mabaglo { 1973 ) where bank voles
ook bwice as long |:;_| ileay in burroas as on the surbace, The  sioker
wiztghs Joes i the cats ot 24 amd 42 i similarto tha ol pig corcasses fom
which inseels ane exciuded | Putman, 1985

LTE —

[mverebrate colonisntion

I'hiriy=thires speckes of mveriebrates, all ambropods, were collected from
the corcosses (Tobde 25 Alibough she simber of colonising specics
tecrepsed with Incrensing depih, the proporiion of cavemicolous specees
increassl,  Sdeene anomals heed on the masering, |l:_qni|_'|_'||_||;'|_-. ses such as
Merpagedic bruareiperwnr (Fhondaeh which ealpnises dry camion, and
fiefeamna seerarr{ Helemnyzidae k. The major parcassceloniser, howeser,
s £l gt vomiforia L hlowaes, Collsphiomicae b Daple mn ealoisat
i Hlysmnsted in Fig , which shows shin corcasses exposel deep in the
cave wiere nob colonised by blowMies undil M3 days afer deposition,
s irman Larval acivity ocoourming loter with increasing depih i the
eahve

Collembnla sl a5 Lépiaocystiey SpP wede ohsepved on carcass and
cave floor fungi whilst olher species, Tor exaitiple Chesfor mesome e
(Sfaphy linsdas] wene secn ingler the carcnsses. Widesoread in | uTpEan
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Group'Specics | Cont 4L 4R 12m | 4m | Mma|36mb| 41m
| Acari, Mesostgmats 1 3% | W7 "
Araneae, Lepthyphantessp | B 1] i) 2
Inopoda, Porcellio scaber 1-13 4 T
Chnscns asedlus ¥ x 1338
Diplura, Campodea sp L7 43
Insecta’'Collembala
Hypogasivura purpurea TRTL PR 11
Lepidocyrins cyangus F=11 | 4-15 549 [ 5-11 13 d-=5
b ocunootiis e & £ h% it
| Orchaseila sp 1o
Insecta/Lepldopters [
Hofmannophifio sp 158 4
Hofmannophtfia sp larvae =
InsectaMiptera
Arachesia brvnpi pes 15,29 2930
Briawidee sp larvae : 5
Culex pipens ol B2
Megarelia rufipes -0 [ 2-33 | 1628 [ 10 13
M. brunneipennis adults 1538 | 2-52 z-38
M Brumnegipennis by 2 s i 4 5
Heleomyza sp adulis 43 3 G Ml=37 I 1-2% [ 2-38
retemmyzo 5p harvac Yk Y
Sphacroceridae 3
Caliiphoard vomifora adulis [ £
I___Cu-l'!-l'pﬁﬂra virmiarid laeeas 224 2 23 2-4 3
IusectaiColeoptera o
Nebria hrevicollis 39
Herastickuy madides R
7 sirennus A |
Necrophores Auricior adulis | 2 S |
N, humatar lrvae * 5-7
Catops triskis 7 A
Choleva glawca 32103 13 |
Alaeockars lanuigminig s a7 %
Acratan fegl ? 3
lexteva sp 4]
Tachyporys Tepnorgn i e
Chiedius mesomelings adolts 25 §11 | 2-21 | 2-1B | 2.30 | 1-21 | 4-30
O mesomelinus larvae o 1-11 4 =20 [-#
Philomthus sp R
Ctelus fagueatis 1

Cnptophagus sp adults T T
Crptophagus sp larvae 3 . » 8
Atomaria sp || 15 ]
. Total specics 10 13
= of which covernicolous
~__ Breeding on carcase

33

F
B
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Feeding on Carcise
Feeding on fungi
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Flguee 5 Chaeck Haie e, groung humidives (860930

caves [Hippa eval., P985} and w the gastern United States {Peck. (9885,
this predatory beetbe feedson dipieran larvae and Collembola { Turguin,
FSR3]

Bolin Hood's Cave

Thegverape tlemperature overihe experinemal period was D50 5%
limits - 3,550 o0 7 5m ana the cove: warmes than, and mare vareable
thamn Churely Hole Cove ot te samie depth, AL 37m, it was also slightty
wwarmerug § 70+ 1.3) Temperaluses wers also highee atthe tind site,
A5m apto the cove al B.8°C { =/ 0.59)

[T pave entrance was slightly Jess humid than Church Hole, #1087 .5%
{ vf= T 2950 bl almaostthe sameat 3 Tos (95, 7% 0 740 Although the siee

at A%m was deeper than al Church Habe, the Slagnant cave air hese was
almost sturated. Al figores quotsd zre onnesl sverages overthe iwosyear
stugdy perind,

Rince carcasses were depesiied in Jung, those at 7.5m experienced
higher lemperatigres thon in Charch Hele, averaging 13 °C during ihe
Fotive decompasien phase, Corcusses cxposed of 37 and 45m decayed of
pempeernbires 10 higher than Chureh Hole for the first 90 days,

Stnte of ral Carchssgs

The decomposition of the rats 7.5m ivo Rebis Hood"s Cove resembled
that mt dm into Church Hole, atihoueh conditisns were dreler. Calliphara
vamilaria lnrvae were seen 390 9 days after depasition nnd ol sofl tssees
wen: consumed in the following thres weeks. Afer this much of the hais
wis shed and moved up o 15m by dispersing Torvae
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The corcasses atracied v othiet msecis, bul there was no bictad I'_|:.
Necegphovser, Lnter, the remnins were atacked by moths, especially
Flofingumaphili peendaspreetle {Tineidae), the brown house mdth, bu
the ced print was alwoys mummilfeaien, All carcasses remained intacy
and gmbilizad ar 20-25%, of their oreginad weight

A1 3Tm funpal colonisation was mpidly followed by enotmss pambers
of pheasd fies mainly Feipidelg grfvicola and Megeaedlia rufipes. The
carensies wiere then cobomised by Uatfipdorg voerieria. n e Tirst veao
montha. carcass wenghts reduced by 75%. After larval dispersal, fungal
decomposition aliracted o troglophilic gnnts Lycarefla feacorsica and
Heaaduria hrusnires, e Bier brosding, on dhe carcasses. Finally, dry
decay pocurred and the carcasses were colondsed by staphyling beetbes
such 8 Qhweding mesoontfiviee and Bessobia spoand Creptorficgns
acrfangrdes (Crvpophngidackh Afer two vears the remains were [argely
shelenlised, parly or totally disnpriculaled, bul unburéed. with sporing
cirlomiss of Fuserinn, Weerogseus and dspergiliuz

AL A %m, nidial decomposition was Tungol and dipleran. Same carcasses
were colonised by bagidigamycebes and then by Calliphara vormioess. Al
attracsed Phoridae, tbe spme species a5 ol 37Tm predeminating. This

coloisation began after & Weeks and lasted for 5 months. I0was followed
by the sciarid flies Bradesia bepaanises ond Leorefle fencorica,  the
farmer brecding  on the slowly decoying carcosses The pemining
decomposition was fungal, with 7 thoving commuonity of mastly
trogbophilic orihropods, Afler two voars, corenss weipht stabilised af 25.
30%; all rats were poriy ortotally skeletalized, disaiculated pnd covered
wilh a faveral sclerstin from Micregreus. Minorbones were jumisled, but
in kali ot the carcesses the axial skelelon was ilac,

Elfects o cargnsses on epve inveriebrilies

Cajals 3 showyehes reelis o pitfall vapping Belore aod furing tee decay
process and the perceimape of species gained, 108 of unchanged, Species
richmess mereasced at all sigesas hrmphagu.-: insecis were piiracted o the
cave. The T 5m site gaimed 35 specied during the experipsent { 3% of the
tocaly, b dost only 13 Ae 37m the guin was 32 specees, ond ag 45m |8
apecies were added. but |1 Do (23% of 1he tolal}

Biefore carcass depasilion, species rchipess declined by almes 50%
from il cave enranee to the hypogean region, as observed in | 983-84
{Terrell-Migtd, 1985 This patiern  persisicd duzing che [irse vear of

Baseline (10 months) | Experimental vear 1 | Experimental vear 2
Depth (m) 75 | 37 | 45 [ 75 [ 37 | 45 | 75 [ 37 | 45
Total species 49 | 40 28 47 29 39 24 23
Total individ 637 | 1000 | 442 | 1431 | 5108 | 2718 | 691 | 3251 | 2447
[ Species/Depih T5m 37 m 45 m
%o Gained 50 42 5T
9% Lost 13 30 22
[ % Unchanged 37 28 4]

Mote: At 7.5m, 22 of species gained were associated with carrion, including 13 diptera, At37m,
| 2 species gained were carrion-associated ( 1 | diptera). Atd3m, of the | 2 carrion-associated specics

gained, 11 were diplerans,

Fabe 3 Specs vlckers, Simbers of ivaivigumsavad commivnte change of aetieon s drapied tn Babin Hood 5 wve Befove and aifer
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deposition, but the tatal number of individuals more thin doubled atthe
fromt of the cave, increased lve-fold an 3%m and by =i times a8 45m
soumbers in he Gave hreshakl decrinsed atmost tothe baseline inthe
second vear, Thers wis bessdecreass jn the middle and Lode avthe bazk.

I population sizes increnss much mones than species numbers, &
mieasure of diversity such as Shaonpn-Weaver's H {which iakes into
account the propartienal abundance of eoch species) will shew adecline
iRackhells, 1996), Fig % shows that the deeper cove regions wene
particuiarly alfected. since most sdditinal indaviduals came from a smindl
number of species, This alse affecis the Evenness, whicls reaches &
maximien of L0 when all specics are equally present (Odum, 1971}
Agnin, the cave entrance wos litthe afTecred but the central port of the cove
showed o masked decline

The minkn species responsible Tof diversity changes ore listed in Table
4 Themajor imraductions are hirps such as Actelothripidas (known io
beeed in decvanposing maserial band the syreoplsgus Ties Calliphora and
Megragelin. The ichneumonids ond broconids are parasite ol dipreran
arel Tepadopieran larvae, Mone of the new species persisted inta the
sepoml vear, ablilsugh more mecies were added.

3.5

Twenty pre-cxisting species were strangly affecied by the experiment, 14
positively, & negatively, The Inrgest increases Weree soen in the Phorida,
kit Brow iy Hense moms {Hafivmapintia sppl whichatiack skinsamd fus,
alsg nereased subsinntinlly.  Many more thrips ond  predsiors mites
dnfeseazipmana) wers seen, bul the laier are Commensal on the phorid
Triphieba. Some fungus feeders such as Collembola, Mycetophitidee and
Cecidomyidae increased, the first much mare 50 m year 2, Crypropfergs
rifreoenis, which Feeds on dry, meedldy materiof was stimulnted, but the
eroplophilie O sowangiler declined in numbieps,

DISCUSSION

Decomposition is vilal 1o ecosy stem energy Oow, especially m habitals
swithoid peimary producers. Thess studics indippre et nnimal reminins
deposited even ghaliowly in coves decompese differently from thoss on ihe
syrfivce, Thlfferences in decay are atiribuinble 10he cave environment and
ihe difficully af poeess 1o e carmon by nen-cvemmacolous spocies. The
caves at Creswell are relotively shallow, with anly a few troglobitic species
(Terrell-Meeld, 19851, 20 many of the nihropads invelved in decay were
epipenl,
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| #) Major familics and species added (+) (represented by more than one individnal)

Dol

7 5m

!

45m

Group/Secies

Year |

Year 2

Year 1

Youur 2

Year 1

Year 2

Arichnida
Chittionius txchmoekeles
Legemara 5p

+
+

Myriapoda

Hrociipdesmus superns

Insecta Thysanoplera
Am]mh_{l_'pldan {2spp)

InsectaDipiers
FPaylopus 5p (25pp)
frichosa absurda
Megraselia biflda
Calliphora vomitora

InsectaHymenopiers
Ichnewmonidoe (1sp)
Braconicae (1sp)
Preromalidie (1sp)

i

insecta)Colcoprera
Alaeochara lanuigmosa
Cheppoda ofpaca
Xylostiba monolicormis
Hegsobio 5p
Chmolinr excavalum

| +

e

b) Pre-existing species with more than a 5-fold change over baseline

{- = decling, bracketed = lost)

Araschnids
Astigmara {Acarr, Isp)
Prosugmata { Acan, Lsp)
Mesostigmata ( Acan, 1sp)
Cryptostigmats (Acan, 1sp)
Porfiomrim egeria (ATineae)

x 8

x M
(x =2}

x-11
x7
(% =2)

x3l
{x -10)
X -5

Insecta/Callembola
Hypogasirura purpired
Chrvehinris 8p
Lepidocyriig cyaies
L. curvicollis
Psepdosinella alba
Neelus sp
Arrhopulifes pygmdaeus

{x =25}
ix-13)

x5

L

x =)
X =25

[x =)

x7
k15
x1l
X3

LnseialThysanopiers
Threipia sp

x.35

Insecta/Lepidoptera
Haffimanophitia _ psendaspretella

x 110

x4l

InsectaTHpiera
Bradysia brunnipes
Lycorella leucotrica
Triphleba antricola
Megaselia rufipes

x 15

x4

x 2130
x oy

X I3
x &
% 546

%5
x5

insectalColcoptera

Cryplophagies acutangulus
O rnfioarmis

% 15
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Adr temperune B oriticnd in contealling decompesilion, since CATCAss
temperalure determines the rate of bactenal smed fungal development
| pesilsapho, 19730 Evvirgminental tempersure also affects the metabolism
ol cobonising and assoeaated invertebrates, dipteran lnrvae developing
maore slowly at lewer gempersiures. Just o5 important,  however, are
femgpezaitre and bwmicdily variatien in the cove threshold

Cave passapewnys “hreathe”™ (Parr, 1968), because of the density
gradient between coober and warmer air In summer. denser cool air fows
out of the caves: taking  with ot the odour of decay thal will anract
necrophagous insects, [n both caves, relative humidity became
progressively lower and more varsable towards theentrance. Here, drying
aarflanws can create 20 eoyironmen fethad t caverniceles adopted 19 high
huamislites {Chapman, 1993}, but which provides suitable conditions for
grummification before or after dipleran evisceration. The Medico-Legal
Society (1978) commented that mummification i3 likely in wonm dry
surraundings, especially with air maovemen,

Desiceation of the remzing significantly slows down decompasiien
beocause the hody bectmes foo dry o sustain mest fungi and insecis, Wis
inapeatant for the long-teom integrity of the carcass ihat disarticulation is
Largely prevented by the cocasing ond shnmken sk, [ ihe semains are
subsequently baried, the skeleton shauld remain substantiadly intacteven
il the skin is decomposed, These events ane more likely in the cave
enirance. and miry e obsceved above ground i oy oacditiens,

I b il et th caves, degommpasition ywas more compiels. Even in
dry passages, the humiday of cave air rmpely falls below 3% (Culver,
(9520, Although these coves kave oo running and Tigke standing water.
coniinuous deips and limided alr csrcolation  oflen prodoce summer
humidigies of 100%. Under these canditions there wers clear stapes of
Tuimgal golonisaben, dipieran consumplion and wet decay, followed by
dryv decay, Disaticulagion ocourred os cartilage and cobbcctive tissae
were decomposed, bul rats depesited closs logether decayed atdifferent
rabes, emphasising the importance of local microchimales, Under thess
conditions, s bost substantial parts ol their shelerons in 2-3 years,

Diecomposition (o the despest port of the caves was primarily fungnd,
Insecns initially played a lesser vole, leadding 1o relatively gentle decay,
especzally where eorcpsses wene colonised by Phoridug and Heleomyzidae.
[he end point was a partly dissrticulated but complets skeleton covered
i i mass of resting Tungal stages. Fungal decay inbe hypopean region
is thas particulsly imparant for both decompasinen and inverichrate
papulations This supparts fndings by Dickson and Kirk ( 1976]) that the
abundanes of cove-limited invertebrates correlaled with the abundanee ol
micro=[ungt.

Forananimal b dies inacaave, o i3 carried in by a predotor, the exbent
of consumpiion by nop-cavernicoles will depend an s lecation, Close Lo
the entrance, diplesans will predomioate, but even here carcasses lose
wazipht more slowly than outside, since Mics may ke benger o find them
(e sbower weight loss may nlso be o consequence of lower shode
termperatures, which reduee the metabolizm of My brvie

f

Fligs duspersing rom a carcass normally move owards light which will
ik glsem to habilass where mare oviposition chances are likely, However,
in both caves there wiga “chain™ of garrion. The cmergence patlers i akin
i iy island effect” where animals disperse along, an archipckago. This
may explain blowfly celonization of rats at 45m i Robin Hoog®s Cave.
In comtrast, the sscend rab al 26m in Church Hobe Cave attracied only
Phaeidae and Helenmyridae. This animal was deposited one year after the
firss and there wad no chain of fresh carrion e lead Bowlics to i

Thers have been Fow shservations of Heleomyza brooding incaves, ond
sevepal muthors doubt that this happers{ Hazehon, 1577, Chapman, 19933
I the present study, Febenmy=a sereara emerged [1om pupas tken from
cafcxsses b 36 and 43m. However, the larval populations wigre small.

L ager stages of decomposition attracted ather diptera, pard icularky thase
asspciated with fungi, Sciarisdae were the mos promineal group, ipcluding
cavernicolows specses such as Headysio and Eyearieily. Associged with
the div decay siage were larvae ol the Brown House moth, Heffmamnaphiiio
Prepdospretelia, as well as detritivorous beetles such as Crypuophagus
The carcosses also avracied predubors, cpecially the  cavernicolous
staplyylinid (uedies mezamelinn. Al stages ol the boethe were found
ungler or near Lhe carcasses, the carelon Eaving an imspartand elfect on s
popariation,

{hterhevohss st as Meerapionidee stteol oaly very fresh oo, They
will mot breed if theee 15 insuffickent sediment for imenment. Burial may
resultina fully intact skeleton sinee scavengers do notbreak up the carcass

and there is esschance o wenthering or trampling dispersing the remaing

Andrews, 19903, Digging may abso disrupl sedinwent siratigraphyy, inserting
remaing in levels towhich they donot belong. This pesl-anoriom moavemen
mygi be considersd when interpreting excavated remams {Jenkinson aml
Crilberson, 1984,

Decomposing remaing thus attracted cuverticolous and non-
cavernioslous arihropeds from several trophic kevels, The main efTect was
ta modify signdficantly the threshold fausa by e addition of new species
afyd the stimubation of existing ones. Few pew species persisied beyond
the fiest veor, being closely associaled with the earlier singes of
decompasilien. se this cave region began b relurn 10 its previous state,
Mhe introduction of noib-cavernicolous species into the Ty pogean regions
reduced diversity, histmost of Uee decresse wasdueio population merense
th pre-exisling species, an eiToct sull delectable after two vears

The deep cave i3 a vulierable, energy-poor environment. The addition
of pnly small amaunts of carrion may finve profiouned effects thar persisy
beyond the active decay stage, 10 s theeefore important 0 consider 1he
effects on cove communities of deliberate ar sccidental introduction of
carripn o7 any siher puirscible material, and inke o docwint carcass
Ineation when interpreting snimal remaiis discovered therein
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