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ABSTRACT

The fossil record is generally incompleteanddoes not provide a
true representationof pastfaunas.The studyof taphonomyis aimedat
understandingthe processesby which the fossil recordis alteredboth to
provide direct information on theenvironmentandto attemptto mini-
mize the potentialbiasessoas to arriveatabetterrepresentationof the
sourcefaunas.The descriptionof alterationsto animal bonesprovidesa
basisfor assessinglossof material from faunas,and this is referred to
hereas thedestructiveeffectsof taphonomicmodification. In addition,
however,thereare constructiveaspectsof taphonomy,wherebyanimal
remainsthat are buried quickly or arepreservedin shelteredenviron-
mentscanbe seento be little alteredfrom their original state.In the lat-
tercaseit maybe saidthatstudy of taphonomyprovidesevidenceof ]ack
of changeand lack of bias, and this is perhapsevenmore important
thanshowingthe presenceof change.Two examplesof thesetwo aspects
of taphonomyaregiven for fossil faunasfrom the Miocenesite at Pasa-
lar, Turkey,andthe middle Pleistocenefaunaat theSimade los Huesos,
Atapuerca,Spain.
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RESUMEN

El registrofósil es por lo generalincompletoy no nosaportaunaver-
daderarepresentaciónde las faunasdel pasado.Los estudiosdeTafonomía
tienencomofinalidad la comprensiónde los procesosde alteraciónexpe-
rimentadosporel registrofósil con objetotanto deaportaruna información
directa sobreel medio ambiente,como de intentarminimizar los poten-
ciales sesgosy obtenerasíunamejor representaciónde las faunasorigina-
les. La descripciónde los procesosde alteraciónexperimentadospor los
huesosdc animalesnos aportaunabaseparacalcularla pérdidadematerial
apartir de la faunaoriginal.Esto es lo queaquídenominamoslos efectos
destructivosde la modificación. Sin embargo, existen tambiénefectos
constructivosde la tafonomíacuandolos restosde animalesson enterrados
rápidamenteo conservadosen ambientesprotegidos,mostrandoaltera-
cionesminímasde su estadooriginal. En esteúltimo casopuededecirse
quelos estudiostafonómicosaportanunaevidenciade falta decambioy de
sesgo,y estoesquizásmás importanteaún quemostrarla existenciade
cambioso alteraciones.Aquí se presentandosejemplosde estosdos as-
pectosde la tafonomíaparael casode las launasfósiles de los depósitos
miocenosde Pasalaren Turquíay de las faunasdel PleistocenoMediode la
Simade los Huesosen Atapuerca,España.

Palabrasclave:Gananciatafonómica,pérdidatafonómica,Atapuerca,
Pasalar,registrofósil.

INTRODUCTION

One of the mainjustificationsof the subjectof taphonomyhastradi-
tionally beenthe needto takeaccountof perceivedbiasin the fossil record.
It is takenfor grantedthat the fossil record is either incompletein some
way, or it doesnot providea true representationof the animalsliving at the
time andplaceof origin of the fossil asseínblage(Lyman 1994). Suchfears
are alí too oftenjustified, andexaminationof the taphonomyof fossil as-
semblagesis necessaryto allay them,but it shouldnot beassumedthat fos-
sil assemblagesarealwaysgreatlychangedby taphonomicmodifications.
In manycases.the fossilassemblagesthat arebestrepresentedin the fbssil
recordarethosethat lack taphonomicmodificationssimply becausethese
processes,wherethey occur, areessentiallydestructiveand renderbones
lesslikely to survíve.
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Taphonomyshould perhapsbe regardedas a cautionarydiscipline, ne-
cessaryto demonstrateeitherthe lack of taphnomicbiasor, if present,its na-
ture.If totally absentfrom a fossil assemblage,it maybethat the structureof
the assemblagematchesthat of the deathassemblagefrom whichit was de-
rived. If present,however,examinationof the taphonomicmodificationspre-
servedon the fossilsmay provideevidenceof the historyof preservationso
that the natureof the biascanbe determinedandsorneallowancebe made
for the variousprocessesinvolved(Brain 1981; Andrews1990a& b).

Taphonomywasfirst definedby Efremov([940) as the scienceof burial.
Mostrecently thishasbeenextendedto «thestudyof the transition,in alí its
details,of organiesfrom the biosphereto the lithosphere>~(Lyman 1994).
Thesedefinitions includethe implication that theremaybe positiveas well
as negativeaspectsto its effects, also expressedobliquely in Fernandez
Lopez (1991) who states~<Fossilization...meansan increaseín taphono-
mie information...which doesnot necessarilyinvolve loss or decreaseof pa-
lacobiologicalinformation».The positive effects concernthe actual burial
process,for it is known that animal bonesthat are buried rapidly in the
right sort of environmentsurvive for long periodsof time with little modi-
fication. Animal remainsthat are not buriedrapidly, orareburied in active
environments,aresubjectto the negativeforcesof taphonomyandaremo-
dified accordingly.It is possible,therefore,to distinguishthesetwo aspects
of taphonomyin order to gainamorerealistievision of the significanceof
the subject to palaeontologyand archaeology.1 havedone this by distin-
guishingits constructiveeffectsfrom its destructiveones(figure 1).

The tlow diagram in figure 1 derivesfrom one that 1 haveusedpre-
víously (Andrews 1990). It showsdic ‘tIow’ downwardsfrom living ¿mi-
mals atthe top centrethroughto a fossil (or archaeological)assemblageat
the bottomcentre.On the left of the figure aretheconstructiveeffects,and
on the right the destructiveones.Thesewill beconsideredin turn.

CONSTRUCTIVE EFFECTS

Animals dic from a variety of causes,not alí of themdestructive(ex-
ceptof coursefor the animalsconcerned).Animals maydie by themselves
andtheir remainsstayisolatedthroughburial andfossilization,resultingin
their recoveryas isolatedfossils.A goodexamplefrom the anthropological
record is the Dryopiíhecusskeletonfound by Moya Sola and Kohler
(1993)at CanLlobateres,Spain.This specimenhaswell preservedcranial
and postcranialremainsscatteredovera few squaremetresof horizontal
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tu-ea but from a single stratigraphichorizonlacking any otherfossils.Al-
tematively, an animalpopulationmaybe subjectto predationby a bone-ac-
cumulatingcarnivore,andpartsof the populationmay thenendup in acar-
nivore or under an owl roost (Brain 1981). Very often such prey
populationshaveattritional mortality pattemsbecausepredatorstendto se-
lect the weakermembersof the population,particularly the very oíd and
young (Klein 1989).Whentheseboneassemblagesareburiedrapidly, the
attritional mortality patternsmay be preserved(Klein 1982). Seavenged
boneassemblagesmay lack this patternbecausetheremaybe manydiffe-
rent sourcesfor the bones,andothertaphonomicprocessesmaysimilarly
modify theoriginal mortality pattern.

Catastrophicassemblagesmay arisefrom a variety of naturalcauses.
For example,suddenfloods may kill an entire community,and the age
structureof the deadanimaisthereforereflects the agestructureof the Ii-
ving populations,i.e. with abundanceof young individuals. In someyears
the wildebeestmigrationin EastAfrica resultsin manydeathsas theani-
mals crossthe rivers that he acrossthe migrationroute,andwhentheyare
trappedby the high river banksand drown. The bodiesarewashedon to
sandbanksandaccumulatein greatnumbers,with juvenileindividualspre-
dominatingin a catastrophicmortality pattern.This patternmay be pre-
servedthroughsubsequenttaphonomicprocesses,but if themodifications
are extreme,for exampleif alí the juvenile individuals are destroyedby
scavenginghyaenas,or if reworking of the bonesoccurs throughwater
transport, Ihe original pattern may be irretrievably lost.

The commonpatternto theseaccumulationsandthe preservationof the
deathassemblagemortality profiles is rapidburial. Without this, scaven-
ging andsecondarytransportwouldsoonobliteratethe primarypatternthat
producedtheassemblage,whetherit be attritional or catastrophic.As a first
generalization,it may be saidthatmostfossil assemblagesof anyquality
represent animal bone accumulations which were buried rapidly and which
thereforeweresubjectedto only the first stagesof destructivetaphonomic
processes.Animal bonesthatwerenot buried rapidly simply becamedis-
persedanddestroyedby theseprocesses(seebelow).

Evenafter burial, bonesaresubjectto anumberof processesdepending
on the natureof the burial substrate.Cavesarea specialenvironmentthat
will be consideredbelow,but in active terrestrialenvironmentsanumberof
physicalandchemicalprocessesoperate,producingbonedegradation.1
madea first attemptat analysingthesein La Reunionde Tafonomiay
Fosilizacionheldin Madrid in 1990. 1 divided taphonomicprocessesinto
physical, chemical and biological activity patterns (Andrews 1990b, ta-
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ble 1), but it was not clear from this how the different processes operated
and at what stage.In fact, alí threeprocessesoperateafterburial andare
shownhereon the left handsideof the llow diagram(figure 1).

Physical damageoccurs in alí environmentsafter burial due to soil
movements,pressureof dic weightof thesoil or sediments,andcompac-
tion. AII of thesecan result in the crushingor breakageof bones,and in
moreextremecasesin their completedestruction.

Acid corrosion of animal bone can occur in a numberof different
ways. Bonesburiedin acid solíssufferextensivecorrosionoverthe whole
surface(the sourceof the acidity maybe from the mineral contentof the
soil or from organicsourcessucbasurine or organiedecay);morelocali-
zeddamageis causedby acid solution at the tipsof growing roots,produ-
cing characteristicgroovingalongthe bonesurfaces.Thesemodifications
can readily be distinguished from the localized corrosion produced by di-
gestionof bones(Andrews 1990a,figures 1,11-1,12).Alkaline corrosíon
appearsto occurin caveenvironments,althoughthe processhasyet tobe
duplicatedin any naturalistieexperiment(Fernandez-Jalvo1994). It is
mainly characterizedby the formationof solutionpits in tbe surfacesof bo-
nes, with preferentialdamageto boneand dentineas opposedto tooth
enamel.It is likely that alkalinecorrosionalsooccursin alkalinesoils, but
this hasyet to be demonstrated.

Biological activity after burial can produce dispersal of bones and
somedegreeof damage.Earthwormactivity canbothdispersesmallbones,
with the smaller the bone the greater the dispersal, and cause superficial da-
mage (Armour-Chelu & Andrews 1994) similar to acid corrosion. Exten-
sívedamagecanbe doneby invertebrateaction, for exampletermitesap-
pearto eatbone on occasionandcertainly produceextensivedamage.
The acidity in soilsdueto urineordecayproductscould alsobeconsidered
the result of biological activity, and it mustbe consideredalsothat some
biological/chemicalchangein soils or sedimentsderivesfrom the animal
remainsthemselves.Organieacids from the decayof animalbodiespro-
ducea locally acid environmentthat may causeextensivedamageto the
bonesfrom thesameanimals(Belí et al. 1996).

AII of theseprocessesaresubjectto fluctuationsin time andspace.The
chemicalcharacteristicsof the fossilizationenvironmentmaybe summa-
rizedin termsof acidity, organiccontent,mineral contentandaeration/wet-
ness(e.g. in termsof availableoxygen).Someof thesearelocal in extent
andsomemaybe morewidespread.For example, the effects of organic
acidity from the decayproductsof animalremainsareboth local in space-

in the immediatevicinity of the animal—andareshort-livedin time— the
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organieacidity is soonusedup. In sealedenvironments,the availableoxy-
genmaysoonbe depleted,so thatoncethis stageis passedthe decaypro-
cessesmay be nearly halted.Similarly, exhaustionof availablenutrients
may have far reachingeffects on the micro-organismsassociatedwith
break-downof animal remains.Qn theotherhand,tbe mineralsfrom the
substrate may be more extensive in both space and time, although once
againtheireventualdepletionwill changethe break-downenvironmentof
the fossils. Extremesof wetnessanddrying are extremelydestructive,
with the formerproducingsurfacedecayandthe latterthe rapid destruction
of organiccontentof bones,so that in variableenvironmentswith alterna-
ting wet-dry periodsboneis not preservedfor long. Thesevariationsmay
be the productof climatie variationson a daily, seasonalor long term basis.

Preservation.Iactorsaer burla!

The factorsleading to 4w preservationof bonescan be summarized
from the aboyediscussion.Their commonproperty is protectionfrom alí
but early stagesof taphonomicmodificationthroughthe rapidburial of ani-
mal (or plant) remains,the presenceof thick vegetation,or theexistenceof
sheltersuchas is providedby caves.Protectionfrom weathering,trampling
andscavengingis providedby this means,andprotectionfrom transportis
alsoaffordedunlessof coursethe substratein which the bonesareburied is
itself transported.No protectionis providedagainstchemicalandphysical
modification in the burial environínent.

Bonescoveredoverby thick ground vegetationareprotectedalmostto
dic saíneextentas buriedbones,anddiey aresubjectto similardegreesof
corrosion.Conditionsof highhumidity may prevail undercloseandthick
vegetationin openconditions,le. whereground vegetationis very thick.
wbile in woodedconditionsdieremaybe heavyshadefrom treesbeL less
humidconditionsif the ground vegetationis not so thick. Protectionis pro-
vided againstsurfaceweathering,transportand to a lesserextentagainst
scavenging.but beingon dic sm-facestill dieremaybe damagefrom ti-am-
pling in addition to the corrosionresultingfrom chemicalchangesin the
high-humidityenvironment.

Anotherandquite separatefactorleading to the preservationof bones
for fossilizationresultsfrom anysituationwherethereis a super-abundance
of animal remains.During a droughtor any form of catastrophicanimal
mortality. theremaybe sucha glut of animal remainsthat scavengersare
not ableto processalí of them.This happened,for example,in the 1973/74
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droughtin EastAfrica, whensomany animalsdiedin certainregionsthat
their mummified carcassesremaineduntouchedfor long periodsof time
withoutany damagefrom scavengers.Theywerethus protectedfrom sca-
vengingandsurfaceweatheringfor a considerableperiod.

Extremeweatherconditionscanalsoprovideshort termprotectionfrom
damage.Extremecoid may inhibit surfaceweathering,so that bonesfrom
the Aretie, for example,rnay persiston te surfacefor hundredsof yearswit-
hout anygreatdegreeof weathering.Extremearid conditionsalso maypro-
tectbone sincemummificationof carcassesresultsin retentionof skin on
carcasses anóthereforeprotectionfrom weathering.No protectionis affor-
ded in thesesituationsagainstinsectattack,tramplingandscavenging.

Caveshavebeenmentionedas a specialcase,andtheymaybe seenas
a sort of half-way stageto burial. Ronesdepositedin or transportedinto ca-
vesare protectedfrom most effectsofsurfaceweatheringevenif theyre-
main for longperiodson the floor of thecave.Furtherprotectionis affor-
dedif thebonesare buriedin thecavesedimentsin thesameway asseen
aboyefor surfacespecimens,andthesamedegreeof protectionis provided
as for surfaceburjals. If they remainlong on the surfaceof the cavefloor,
the bonesare exposedto more concentratedtramplingandscavenging
thanthosein open conditionsbecauseof theconcentratingeffectsof the
cavechamber.Qn theotherhand,protectionagainstsorneclimatie andot-
her fluctuationsmaybe providedin cave environments,for examplete ef-
fectsof diurnal/nocturnalfluctuations,seasonalor long termclimatie chan-
ges,andthe extremeeffectsof wetting anddrying.

DESTRUCTIVE EFFECTS

The destructiveeffectsof taphonomicmodificationsaregeneraflybetter
documentedthan the constructiveones(Behrensmeyer1975, 1978; Hill
1979; Shipman1981; Erain 1981; Andrews 1990a;Lyman 1994).They are
shownon the right handside of figure 1 listing the major lossesfrom bone
assemblagesat successivestagesin the transition from biosphereto lithosp-
here.Sorneexamplesfrom thesestageswill sufficeto illustratethe destruc-
tive effects,althoughdegreesof destructionrangefrom slight to total.

Many animalsdie as a resultof predation,andtheirbonesmaypreser-
ve the marksleft by the predators.Thesemay takete form of chewing
puneturesor scratches(Haynes 1980) or etching by digestiveacidsand
enzymesif the bonesare ingested(Andrews 1 990a). In both casesthere
may be preferentialloss of certainbonetypes,so that someskeletalele-
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menisareunder-representedin theassemblage,andspeciesrepresentation
in the prey assemblageis alsobiasedby the huntingpreferencesof the pre-
dator,for exaniplesize limitations in capturingprey, prey availability in the
preferredhabitatof the predator,the effectsof daily activity on thepali of
bodi predatorand prey, andmanyothers.AH theseamountto a considera-
ble selectionof availablefaunato producetheprey assemblage,whichmay
therefore be unrepresentative of the fauna as a whole. Sorne allowance can
be madefor this selectionif the predatorcan be identified, andthis has
beenachievedin somedetail for sequencesof cave faunasin England
(Westburycave-Andrews1990a)¿mdin Spain(Atapuercacave-Femandez-
Jalvo1994; Feniandez-Jalvo& Andrews 1992).Aíi exampleofa bonethat
hasbeenmodified by spottedhyaena(Crocutacrocuta)is shownin figure
2: thereis a puncturein thecentreof thepicture2.4mmminimumdiame-
ter, and this and the whole surfaceof the bone hasbeenpolished and
smoothedby stomachacidsfollowing ingestionandregurgitation.

Fig. 2.—Surlace polishing ola recent bone ingested by a spotted hyaena in Kenya with a puncture mark
made belore digestion.
Hg. 2—Pulimiento stíperficial en un bueso actual ingerido por una hiena manchada en Kenya con una
marca de mordedura realizada antes de la digestión.
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Disarticulationpatternsof animal skeletonsinfluencethe preservation
of boneswhetherthe agentof disarticulationis a predatoror othertapho-
nomic process.For example,skulls and forelimbs are less tightly atta-
chedto the restof the skeletonthanhindlimbs andvertebrae,andhaving
becomedetachedearly on dieseelementsaremorelikely lo be dispersedor
carried off by scavengersthan are more firmly attachedelements(Hill
1979). Scavengingis amajor factorin dispersal,but its effectscannotea-
sily be distinguishedfrom other dispersalagentssuch as predationand
trampling.Seavengedassemblageslack the selectivityof predatedassem-
blages noted aboye, but the damageto the bonesis very similar One
exampleof afossil site in Spainwith goodevidenceof scavengingis seen
in thehumanremainsin the Simade los Huesos,morethanhalf of which
havepuncturesandscratchesfrom a smallcanidwhich gainedentryto the
caveandscavengedthe largenumbersof bonesafter the bodieshad rea-

Fig pecimen X1L843 from middle Pleistoceno deposits at Use Sima de os Huesos. Ataptíerca. sbo-
wíng surface ponctuí-es nade by a small canid ami edge punctures along a spi ral break nade by a lar—
ger carnlvole.
Ng. 3.—Ejetnplar AT-843. procedente de los (lepositos del Pleistoceno Medio de la Sima de los huesos, Ata-
poerca. que muestra mordeduras superficiales hechas por un cánido dc pequeño tamaño y una serie dc mor-
dcd oías margi nalc.s ‘-calizadas a 1(1 largo de una rotura espiral hechas por un carnívoro de mayor tal la -
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chedtheir final restingplaceby othermeans(Andrews& Fernandez-Jalvo,
in press).The sizesof the carnivorepunetures(figure 3), theirdistribution
andtheir numbersarealí consistentwith a recentassemblageof sheepbo-
neswhich 1 havebeenstudyingfor many yearsand which are knownto
havebeenscavengedby foxes ( Vulpesvulpes).

Weatheringis amajorsourceof damageto bones,andunlessspecial
conditionsof rapid burial prevail thegreatmajority of bonesthat remain
any time on tbe surfaceof the groundaretotally destroyedby weathe-
ring. Bonesaccumulatingon a landsurfacehavean attritional weathe-
ring distributionasnew bonescomeon to thesurfacethroughthedeath
of animalsandoíd bonesare lost due to weathering,with alí stagesof
weatheringbeingmoreor lessevenly represented(Behrensmeyer1978;
Potts 1986; Andrews 1995). Smallerandweakerbonesare preferentially
lost as theyaredestroyedmorequickly by weathering,and theprocess
is both quickerand the stagesarediffercnt in small mammalslike ro-
dentscomparedwith largemammals(Andrews 1 990a).Teeth normally
persistfor longest,andso the taxonomiecompositionof an attritional
weatheringassemblagemaybe representativeof the sourcefauna,since
mosttaxonomicidentificationsarebasedon the teeth,so thatevenhea-
vily modified weatheredassemblagesmaynot haveastrongtaxonomíc
bias. 1 haverecentlydescribedan exampleof an attritional weathered
faunal assemblagefrom Miocenedepositsat Pasalar,Turkey (Andrews
1995), whereit was inferredthat thebonesaccumulatedoveraperiod of
sornetensof years,basedon the patternof weathering(figure 4), andon
this basisit wassuggestedthat the taxonomiccompositionbasedon the
Urgenumbersof isolatedteethwas not strongly affeetedby theseearly
taphonomicmodifications such as weathering.The assemblagewas
subsequentlytransportedto thepresentfossil locality, superimposinga
furthersetof modifications(seebelow).

Tramplinghasbeenmentionedaboyeas adispersalagent,andit is alsoa
causeof breakageof bonesandof its eventualloss.Wherethereareconcen-
trations of animalsfor any reason,for examplenearshadetreesor animal
trails,the effectsof tramplingmaybeextreme,with bonesbeingmovedlarge
distancesrelatively quickly, but wherebonesare protectedby vegetationor
sorneothercause,the effectsof tramplingare muchless.Theseeffects aresí-
milar to thoseproducedby weathering,with preferential loss of weak and
smallbones,but usuallythereis little evidencefor the occurrenceof trampling
unlessthe bonesare on a rocky substrateso that scratches(cut-markmi-
mics) developon their surfaces(Andrews& Cook 1985; Olsen& Shipman
1988).An examplefrom a fossil site thatis of particularinterestis the Nean-

1
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dei-tal site at Krapinain Croatia,wherenumerousmarkson the Neandertalbo-
neswere interpretedas cut marks but in fact should be identified for the
ínostpart as tramplingmarks(figure 5; seealsofigure 6). The largenumbers
of shallowparallelmarksalongthe shaftsof lirnb bonesareclearevidenceof
trampling as opposedto humanaction as the sourcefor mostof the marks
(thereareof coursesomegenuinecut markson the Krapinamaterial).

Transportby wind, wateror simply gravity is anothermajordispersal
agent,and it is onethat commonly leavesits mark on the bones.Polishing
of surfacesandroundingof endsof bonesarecharacteristieof transported
bone.andsimilar modificationsoccuron bonethat is reworkedin sediment
or on bonethat is stationarybut hassedimentmovedoveror aroundit This
form of abrasiondoesnot necessarilyindicatemovementof the bone,and
in fact transportof boneover limited distancesmay occur without any
abrasionat alt. The polished surfaceof a boneerodedby wind-blown
sandis shownin figure 6 comparedwith a boneroundedandpolishedby
tramplingin a hyaenaden,bothcasesof abrasionby sedimentmovement
aroundaboneratherthanmovementof the bone itself. My analysisof the
Pasalarfossils indicatedthe superimpositionof rounding on weathered
bonesresultingfrom transportof the bonesfrom their originalplaceof ac-
cumulationto the presentfossil site, with somebonesextremelyrounded
(figure 7 right) andsomeonly moderatelysoand with the evidenceof we-
atheringstill apparenton the surface(figure7 left).

For the mostpart, fossil assemblagesshowevidenceofjust two or three
stagesof taphonomicmodification.Morethanthatwould resultusually in
thedestructionof the bonesandconsequentlossof theassemblage,and it
may happenaNo that the latermodificationsobliteratealí sign of theearlier
ones.It would alsoseemto be the casethat rapidburial is importantin pre-
servíngbonesthat havebeensubjectedto destructiveprocesses,so that, for
example,a predatorassemblagewith evidenceof gnawinganddigestion
would only be preservedwith this evidenceintact if the modifiedbones
wereburied rapidly aherdepositionby thepredator.Their subsequenthis-
tory after burial is subjectto the sameprocessesof chemical,physical
andbiological changealreadydescribedin the previoussection.

Eig. 6.—Rounding and polishing produced by three different proccsses. Top, the surface of a reeent bone
abraded by wind-blown sand; bottom, tbe broken end of a recent limb bone found buried in a byaena
den and abraded by trampling.
Vig. 6—Redondeamiento y pulimiento producido por tres procesos distintos. Arriba. ]a superficie de un
hueso actual con señales de abrasión producidas por la arena y el viento. Abajo, el extremo fragmen-
tado dc un hueso largo actual encontrado enterrado en una guarida de hiena y que muestra señales de
abrasión por efecto del pisoteo.

-I
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1 cm

Fig. 7—Two fossil bones from the Miocene site at Pasalar rounded by transpon abrasion, wilh <be cli
band bone still sbowing evidence of weather-ing prior to abrasion. See aLo figure 2 lbr suníace polisbing
hy digestion.
Fig.7.—D<.shuesosfósilesdel yacimiento Mioceno de Pasalar redondeados paría abrasión durante el
transporte y el de la izquierda mostrando aún señales de meteorización anteriores a la abrasión. véase
también la figura2 como ejemplo de puliniiento por digestión.

DISCUSSJON

It is evident that taphonomyoperatesas a process-drivensubject,so
that the investigationof taphonomyis primarily an investigationinto pro-
cess.Tbe rangeof processeshasalreadybeenoutlined,andthe evidence
for processcanbe found in the objectsin the fossil record.It shouldbe no-
ted that theseobjectscomein severaldifferenttypes,only oneof whichhas
beendiscussedhere,namelythe bonesfrom vertebrates.The examplesgi-
venherearealsorestrictedto processeslinked with surfacemodifications
of bone,but analysisof traceelementsandisotopesin fossils,chemicaland
physiologicalchange,andalterationsin the biomolecularstructureof the
fossils are alí equally importantsubjects.In concentratingon the surface
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modificationsof the fossils 1 do not meanto imply that this is the only
sourceof taphonomicdata. It happensto be the one 1 am most familiar
with, andit also servesto demonstratethe mainpoint of this paper,namely
that thereis a positivesideto taphonomythatneedsto be recognizeddis-
tinct from its morenegativeaspects,whichalí too oftenarethe onesgiven
mostemphasis.It is probablynot too muchof an exaggerationto saythat
the fossil assemblagesthat bestsurvivearethe onesthat havenot beengre-
atly modifiedby destructiveprocesses,andthis point canbe illustratedby
meansof two fossil sitesmentionedearlier wherethe presenceof somede-
greeof modificationhasbeendemonstrated.

The first exampleis from middle Pleistocenedepositsin tite Simade
los Huesos,in theSierrade Atapuerca,nearBurgos,Spain.Titis site con-
tains an estimated32 individualsof fossil humans,with alí body partsre-
presentedandfor the mostpart well preserved.It is evidentthat the source
of the fossils was relativelycompletebodies,andthe lack of weathering
andabrasionindicateslack of surfaceexposureand transport,so that the
bonesmusthavebeenpreservedearlyon within the cavesystem.Two ty-
pesof camivoredamagehavebeenobserved(Andrews& Femandez-Jalvo,
in press>,onecausedby a largecarnivoreandthe otherby a smallcanid.
The largecarnivoremarksare not common,anóthey are mostsimilar to
the marksmadeon present-daylion kills. Sorneof the evidencefor large
camivorehasprobablybeenobseuredby the latermarkswhich weremade
by smallcanidsthe sizeof foxes andwhich are very abundant.Fossilsof
foxesarethe mostabundantsmallcamivorerernainsfound in thecave,and
more thanhalf thehumanfossils in thecaveshowsignsof small canidche-
wing marks.The relatively low proportionsof bonessuchas ribs, vertebrae
andfoot bonesareprobably the resultof the scavenging,theseboneseither
having beeneatenand digestedor werecarried out of the cave by the
smalleanids.The camivorescausedsornebreakageof te bones,andtite-
re wasalsoconsiderablepost-depositionalbreakageprobablycausedby fa-
lling blocks of limestoneor trampling. Thesemodificationscauseddis-
proportionsin skeletalelementpreservationbut probably little loss of
humanindividuals.Thereis no evidenceof modificationby humanaction,
for example in the form of cut markson the bones,and the primary co-
llecting agentwhich resultedin such a largeaccumulationof humanre-
mainsis still unknown,but it hasbeenproposedthat the accumulationof
such a largesampleof humans,in the absenceof anyherbivorousmam-
mals, maybe the result of humanactivity (Andrews & Fernandez-Jalvo,in
press),andthat the evidenceof carnivoredamageis the result of scaven-
ging.

1
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The otherexampleis the terrestrialMiocenesiteat Pasalar,Turkey. Ex-
tremely abundantfossil remainsfrom over 50 speciesare presentat this
síte, mainly representedby isolatedteethandlessernumbersof jaws and
posterania.Breakageis extreme,andseveralsequentialtaphonomicstages
can be recognized.First, the boneswere accumulatedat a place away
from thepresentsite, partly by carnivoreactionandpartly as analtritional
weatheredassemblage.Someof the boneswereburied or part-buriedand
sowereprotectedfrom weathering.Destructionof bonetissueby weathe-
ring resultedin accumulationsof teeth, someof which were markedby
plant roots.This boneandtoothassemblagewas transportedfrom the ini-
tial placeof depositionto the presentfossil site, with differentialabrasion
affecting the weatheredbonemorethan the unweatheredor buriedbone.
Furthersedimentmovementresultingfrom springactionproducedfurther
abrasionandwinnowing of the deposits,concentratingthebone in areasof
coarsesedimentandfurtherremovingbonetissuethroughchemicalsolu-
tion. for exampleleavingtooth rows in anatomicalpositionbut with little
ofthejawsreínaining.Theseextensivetaphonomicmodificationsresulted
in greatbonelossbut little taxonomicbiasbecauseof the goodpreserva-
tion of the teeth.

CONCLUSIONS

In the two casestudies,the analysisof taphonomicmodificationshas
addedgreatlyto knowledgeof die environmentand dic natureof dic fossil
assemblages.In doing this they demonstratethe constructiveaspectof
taphonomy,whereknowledgeis addedto the interpretationof a fossil site
ratherthanbeinglostthroughthe destructiveeffectsof taphonomicmodi-
fication. This is particularly the casefor 4w Miocenedepositsat Pasalar,
for the sequenceof eventsillustratedby the fossil bonepreservationpro-
videsa pictureof a dynamicenvironment,with bonesaccumulatingon hill
slopes,weatheringandbeingmodified by carnivores,thentransportby flo-
od actionto the valley bottom wherespringactionandseasonalchangein
water regimecontinuedthe modification processes.This evidencealone
suificesto indicatean environmentof hightopograpierelief in a seasonal
climatebut with high rainfalí, andthis contributesgreatly to the final as-
sessmentof palaeoecology.In the caseof the middle Pleistocenehuman
fossils from Atapuerca,the lack of modificationsindicatesearlypreserva-
tion in the cavesystem,and combinedwith the high selectivityof human
remaínsmay further indicatehumanagencyin the accumulationof theas-
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semblage.The later scavengingof the assemblageprovidesa picture of
quantitiesof humancareassesand/or bonesbeing ravagedin the cave,
lossof partsof the skeleton,with burial in the sedimentfollowing after-
wards.
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