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, andanatomicallynodern remainshaveall beenrecoveredn actualor
inferredassociationwith Middle StoneAge(MSA) artifactsatanumberof localities[3]. MSA
occupationsaredominatedby flaketoolsmadeon radial or discoidalcoressomeof theseare
retouchednto tools,while othersaremanufacturedisingthe Levalloigechnology The objec-
tive wasto producepointsand/or scrapersmanyof which wereevidentlyhaftedonto organic
handles.

This paperpresentsesultsof the analysiof severateeththat comefrom anewarchaeolog-
ical site,Magubikerockshelter|ocatedin the southernhighlandsof Tanzania(Fig 1). Magu-
bike hasextensiveMSA andlatercultural depositLater StoneAgeor LSA,Iron Ageand
recent/historicoccupationlevels)lt islocatedin Iringa Rural( in Kiswahili),a
districtin Iringa Regionin the southernHighlandsof TanzaniaThelandscapef Iringais
dominatedby Precambriarhighlandsand manyrockshelterandinselbergganbeobserved.

Thearchaeologicaiteof Magubikeis alargegraniterockshelteion ahill overlookingthe
modernvillageof the samename.lt islocatedat 7E45.790'S5E28.399'Et an elevationof
1541m (Fig 2). Pamelawilloughbywasshownthis rockshelteiin June2005aspart of anini-
tial reconnaissancef theareanorth of Iringa City on theroadto the RuahaNational Park[4].
It wasrecordedasSASE $Standardized\frican SiteEnumerationSystem}kite# HxJf-Oland
onthesurfaceherewereL SA(Later StoneAge)quartzand crypto-crystallineartifacts aswell
aslron Agepotteryandiron piecesandiron slagBoneandshellwerealsopresentAt anele-
vationof 1,666m, in fallowmaizeandtobaccdields,onecouldalsoseenumerousMSA
artifacts.

Themembersof the Iringa RegionArchaeologicaProject(IRAP) conductednitial test
excavationsit Magubikerocksheltein August2006.The goalwasto locatestratifiedMSA
depositdn directassociationwith organicremainsanddatablematerial.Up until thistime,
theonly StoneAgesitestudiedin anydetailin Iringa wasthe Isimila Korongo,an Acheulean
(andlater)localityfirst excavateih the 195095]. Korongois gully in Kiswahiliandis usually
addedto the sitenameto distinguishit from nearbyplaceswvith the samename.

Geological / Archaeological context

In 2006 threetestpits of 1 metresquarenveredugin 10cm artificial levelsat Magubike Test
pit 1 wasin asidechamberand produceda cultural sequencef historic,lron Age,LSAarti-
facts,andthen,below40cm of sedimentwith veryfewartifacts,aMSA depositwasencoun-
teredthat extendedrom 110to 180cm depth,wherebedrockwasreachedOrganicmaterials
wereonly presentin the historicandIron AgelayersTwo additionalsquaremetreswereexca-
vatedin the main shelterunderthe modernoverhangFig 3). Thefirst, testpit 2, contained
historicandIron Agematerialsn thetop 50cm, andthenanentirelydifferentMSA deposit
wasencounteredWhile the MSA artifactsin testpit 1 weredominatedby quartzandlight-col-
ouredchertartifactsthosein testpit 2 weredark metamorphicrocksandyellowcherts[6+7].
Furtherexcavatiorwasimpededby alargepieceof roof fall, but onestrip, aboutl5cmwide,
remainedat the westside.Consequentlythis excavatiorwasextendedl metreto the west(test
pit 3). Testpit 3extendedrom the surfacego 210cm, wherebedrockwasencounteredAswas
the casdor testpit 2,thetop 50cm of testpit 3 belongedo the Iron Age(aswellasmore
recentand moderntimes),therestto the MSA (Fig 3). The MSA depositareimmediately
belowthelron Ageonesin this part of thesite.(In otherpartsof Magubike thereareLSA
occupationsn betweerthe lron AgeandMSA, but not here).Iron Ageoccupationsareidenti-
fied by the presencef ceramicsdomesticatednimalbonesand, mostimportantly, by iron
tools,andthe remnantsof iron smeltingandblacksmithingactivities(tuyeresjron, slag.etc.)
Noneof thesearepresentin LSAor MSAlevelsin testpit 3,therewerenumerousanimal
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Fig 1. Magubike rockshelter, Iringa Region, southern Tanzania (map produced by Jeffrey Werner).

https://doiorg/10.1371§urnal.pon®200530.g00
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bonesandlargesnailshells(mainly species)hroughoutthe MSAleveld8+9].In
addition, sixhominin teethwererecoveredrom the MSA depositsn testpit 3;all derived
from the upperjaw. Four of theseteethcamefrom betweerll30and 140cm (onecentralinci-
sor,onecanineandtwo premolarsthe canineand onepremolarwerecementedogether)the
remainingtwo (onecentralandonelateralincisor) camefrom 150to 160cm belowthe
surface.

Theprecisestratigraphiccontextof thesefindsis not clear(Fig 4). Thereareaseriesof lay-
ersin thetop unitsthatbelongto the historicandIron Age(units 1+4).Thetop two layers,
comprisingaround15cmin depth,areboth composef moderatelysortedsilty sand.The
top layer(unit 1) is greyishin colour,while unit 2 belowis light greyishbrown. Thethird layer
is alsolight greyishbrown, poorly sorted,andwith amixed compositionof silty sandand
larger,almostgravel-sizedlastsUnit 4 isreddishbrownish/greyistand composeaf silty
graveljt is poorly sorted,andhasamixed composition.Thefinal layer(Unit 5, from around
50cmto bedrock)is composedf silty graveland cobblesizedclaststhe latterincreasen size
with depthandrepresentiecayingbedrock.Thisunit is reddishbrownish(Biittner, personal
observation)Thestratigraphicsequencef testpit 12,excavateth 2012andadjacentight to

Fig 2. Photograph of Magubike rockshelter.

https://da.org/10.1371¢urnal.pon®200530.g02
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Fig 3. Plan view of excavations at Magubike. PreviouslpublishedasWernerand Willoughby (2017:252).

https://da.org/10.1371¢urnal.pon®200530.g08

thewestof testpit 3, hasasimilar stratigraphicsequencéFig 4 in referencg81]). Here,six
units weredistinguishedwhich hadanincreasen clastsizewith depthandachangen colour
from brown/greyto red wasalsoobservedNotethatit is testpit 12that hassuppliedthe bulk
of the samplesisedfor dating. The original descriptionof the stratigraphicsequencef testpit
3[4, 9] suggestethatfour of the teethwererecoveredrom a10cm deepspit (artificial layer
of depositlimmediatelybelowa 30cm thick disturbedlayer(i.e.,onethat containeda mixture
of LSAand MSA artifacts),andthatthe othertwo teethwereseparatedrom theseby another
10cm of deposit.Furtherexcavationsiextto testpit 3 confirm thatthereareno LSAdeposits
in this part of the siteandthat the MSA levelsbeginbetweerB0and 50 cm belowthe modern
surfaceThefossilhominin teethfrom 2006comefrom wellbelowthis transitionallayer.

A total of 11,41 &toneartifactswererecoveredrom testpit 3 at Magubike Of these 1,749
(15.3%)areretouchedools,1,29511.3%)arecores 8,369 73.3% aredebitagdincluding
wholeflakesand bladeschipsand chunks),and4 (0%)groundstonepieceqFig5). In terms
of rawmaterials4,475or 39.2%arequartz,829(7.3%)quartzite,1,552(13.6%)crypto-crys-
talline silica(chert/flint), 4,306(37.7%)othermetamorphic(i.e.not quartzite),1 (0%)other
sedimentaryand 254(2.2%)aremadeof rock crystal(Fig 6). While in the Iron Agelevels,
guartzandchertaremostcommon,metamorphicrocksdominatein the MSA levels.
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Test pit 2>

* MSA tooth

—— Stratigraphy (210 cm)

2.

130-140 cm ****
150-160 cm **

Silty sand, moderately sorted; grayish.

Silty sand, moderately sorted; light grayish
brown.

Silty sand, larger almost gravel sized clasts,
poorly sorted, mixed composition; light
grayish brown.

Silty gravel, poorly sorted, mixed
composition; reddish brownish / grayish.

Silty gravel (cobble sized clasts, moderately
sorted; large sized clasts as progress
downwards), reddish brownish.

Fig 4. View of west wall of test pit 3 during excavations in 2006. Thetop 50cmis composedf Iron AgeandmodernculturaldepositsBelowthatis Middle Stone

Age,to bedrockat210cm belowthe surface.

https://da.org/10.137 1§urnal.pon®200530.g00

Sincethe original field seasonthe main areaof the sitehasbeenopenedup further. A num-
berof additionaltestpits weredug (humberingtestpits 6 to 12) and samplesverecollected
for variouschronometricdatingtechniquesA planviewof the excavatiorareass givenin Fig
3, previouslypublishedin WernerandWilloughby[81]. Testpit 12isimmediatelywestand
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Fig 5. Numberof stoneartifactsby depthin testpits 3 (left) and 12(right) atMagubikerockshelter.
https://da.org/10.137 1§urnal.pon®200530.g00
PLOS ONE | https://doi.org/10.1371/journal.pone.0200530 July 31,2018 6/40


https://doi.org/10.1371/journal.pone.0200530.g004
https://doi.org/10.1371/journal.pone.0200530.g005
https://doi.org/10.1371/journal.pone.0200530

MSA human teeth from Tanzania

RAWMAT
RAWMAT 0to10cm andeste
quantz ccs
=4 10t0 20 ey
chertMirt 20t0 30 em grante
cther metamorphc mudstone
cther sedmentary 30t 40 em pesrssi
fock crystal 401050 em Cther
other metamorphic
$0t0 60 cmy qQuarts
Furnace 0to S0 cm’ qQuartzte
rock crystal
600 70 cmv sandstone
J 7010 80 cm O sitsteoe
u ittt
; 8010 90 cmy
- 9010 100 em
100to 110 cmy
1100130 em’
130t0 140 ¢n
1400 150 emy
150t0 160 cmy
16010 170 ey
1700 180 cmv
180to 200 cmy
| T J J T
0 $00 1,000 1,500 2,000 2500

Count

Fig 6. Lithic raw materialfrequeng by depthin testpits 3 (left) and 12 (right).

https://da.org/10.1371durnal.pon®200530.906

southof testpit 3 andwasthe sourceof numerousmolluscshellsand mammalteethwhich
havebeenusedfor ElectronSpinResonancéESR)dating.lt measured. m by 1.35m and
extendedo alevelof 200cm belowthe surfaceA total of 14,738toneartifactswereexcavated
from testpit 12. Thearchaeologicaequencevasidenticalto thatin testpit 3, excepthatthe
changdrom the Iron Ageto the MSA occurredat adepthof 40cm belowthe surfacegrather
thanat50cm asin testpit 3). Theonly differencewasin the westwall of testpit 12,wherethe
remainsof aniron furnaceextendedo adepthof 50cm (se€?Furnace0 to 50cme®in thelevel
categoriegor Figs6 and7). Of the 14,73%toneartifacts,799(5.4%)areretouchedools,1,574
(3.9%)cores,13,331(90.5%)debitageand 4 (0%)areground stonepieceqFig 5). Therearea
smallempercentagef retouchedoolsin testpit 12,but this mayreflectabetterunderstanding
of whatcountsasa?dtool° atthis site.Most of the retouchedoolscomefrom top levelsMSA
artifactstendto not beretouchedIn termsof lithic raw materialsthe two testpits arequite
similar. But by thetime testpit 12wasexcavatedyehaddevelopedmore complexclassifica-
tion for lithic raw materialsbasedn Biittner'swork [6]. Quartzmakesup 44%of the lithic

raw materials(n = 6,484pieceshile 2other metamorphicds the nextmostcommonat
40.7%(n = 6,002)Chertcomprises.6%(n = 1,119)and quartzite5.6%(n = 826)(Fig 6).

In conclusiontestpits 12and3 areimmediatelyadjacento oneanotherand containasim-
ilar archaeologicaequencel hetypesof lithic artifactsandraw materialfrequenciesre
remarkablysimilar. Testpit 12wasexcavatedavith aviewto recoveringn situ sample®f shells
andmammalteethfor ESRdating.We areconfidentthat the datesrom testpit 12reflectthe
ageof testpit 3,andtherefore for the hominin teethdescribechere.

Dating of Magubike shells, ostrich eggshell beads and mammal
teeth
ESRdatingrelieson the accumulatiorof radioactivedamageovertime [10], for whichtooth

enameisthe preferredstudymaterial.Signalstabilityin tooth enamels extremelyhigh [11],
andbecauseooth enameis highly mineralizedjt is oftenpreservedn sites At Magubike
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Fig 7. Effect of changing sedimentary dose assumptions on sample age. Error barsare 1.

https://abi.org/10.1371durnal.por.0200530.907

approximatelyadozenteethor tooth fragmentsof mediumto largemammalsprimarily
equidswererecoveredrom variouslevelsn differenttestpits. Thelist of sampless presented
in Tablel.

Samplesverepreparedmeasuredndanalysedy standardmethodg12]. Dentinewas
removedby mechanicadrilling with ahand-heldDremeldrill. Onceall dentinehadbeen
cleanedff, the samplethicknessvasmeasuredy amicrometerandanadditional20 m of
enamelwasremovedfrom eachside,in orderto eliminatethe effectf alpharadiationfrom
thedentine.A Cs-137sourcewith adoserateof ~2.5Gy/min wasusedfor theartificial irradia-
tion. At minimum, 10dosegmaximumdose5x-10xAD) wereusedto determinetheaccumu-
lateddose(AD) or total radiationreceivedy the sample Sampleshat hadnot been
reirradiatedwererun alongwith the rampedaliquotsto checkfor spectrometedrift. ESR
resultswereacquiredon a JEOLRE1Xspectrometeat apowerof 2 mW andmodulation
amplitudeof 0.1mT. Plotting ESRintensityagainstdosegavethe AD. Typicalspectraand
growth curvesareshownin Fig 7. Environmentalandinternal doserateswerecalculatedising
neutronactivationanalysigNAA) to determineconcentration®f radioisotopesSinceany-
thing in the environmentwithin 30cm contributesto the doserate,in additionto the sedi-
mentin thelevelwherethetooth wasfound, sedimentfrom levelsaboveandbelowwere
averagedh. In calculatingagescosmicradiationwasneglectediueto the extentof coverover
therocksheltermndthe smallangleof opening[13]. Sedimentaryvaterwasassumedo bethe
modernvalue,10% 5%.Sedimentdoserateswerederivedfrom sedimentcollectedwithin 30

Table 1. Tooth samples from Magubike rockshelter.

Catalogue Sample Test Pit Depth (cm)
2012MA®4 PT86 8 110+120
2012MA®7 PT82 8 130+140
2012MAGLO PT83 8 130+140
2012MA®1 PT85 9 30+40
2013MAGH5a PT90 9 50+60
2013MAG0a ET25 12 80+90
2013MAGhla PT96 12 130+140
2013MAGp3a PT98 12 170+180

https://abi.org/10.1371djurnal.por.0200530.t0D0
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cm of thetooth, aswellassample®f the rock wall. However testingthe sedimentaryassump-
tions showedhatthe externaldoseratecould varyby asmuchas20%in eitherdirectionwith-
out changingthe calculatechgesutside 2  (Fig 7). Similarly,changingwaterconcentration
did not changeagessignificantly(Fig 8).

A complicationwhendatingtooth enameis that teetharesemi-opersystemsDentineand
enamelkakeup uranium during burial. The[U] in tooth enamelanddentineis shownin
Table2. Traditionally, wereport threepossibleagesiependingon assumptiongbouttherate
of uptake Earlyuptake(EU) assumethat the modernconcentrationof uraniumwasachieved
shortlyafterburial, yieldingthe youngestge Linearuptake(LU) assumethaturanium has
accumulatedelativelysteadilyduring burial, andrecentuptake(RU) assumethat, dueto
somechangén the environmentor thetooth, mosturanium accumulatedelativelyrecently
beforeexcavationyieldingthe oldestagesComplexuptakemodelsarealsopossiblebut these
threecovermostcasesyith RU beinggenerallyrare.In this study,RU ageshavenot beencon-
sideredbecaus¢heyareclearlynot probable When comparisondatingmethodshavebeen
used[14], bestagreemenhascomewith LU agesThisis not surprisingin asitewherewater,
thesourceof U, hasbeenableto percolatehroughthe sedimentln thelastfewdecades;ou-
pledU-series/ESRatinghasmadeit possibleo refinethe uptakemodel.Samplefiavebeen
submittedfor this additionaltechniquebut to datenonehaveyieldedresults.

Resultarepresentedn Table3 andthe LU agesreplottedin Fig 9. Additional informa-
tion is providedin the S1File.

Overall,sampleshowstratigraphicconsistencyThedatafrom TestPit 12,10to 65¢cm
southof wherethe hominin teethwerefound, suggestaminimal agefor the 130+14@m level
of 160+18ka,andanagefor the 170+18@&m levelof 280ka. Thelatter ageis from asingle
tooth fragmentand clearlyadditionaldateswould beusefulto rule out reworking.

Molluscsareanotherpotentialmaterialfor dating[10]. Multiple sample®f sp.
havebeenfound atMagubike.Somewerepreparedandanalysedy standardmethodg132].
However in instancesvhereteethandshellsverefrom the samdevelin the sametestpit, for
exampldn testpit 12,it wasfound thatthe agef the shellswereconsiderablylder,by as
muchas100ka.As isaburrowing speciest shouldyield agedesshanor equalto
tooth agedor asite.Thisis particularlytrue for thesesamplesThesnailsin the MSAlevels
tendto bewhole,suggestinghat theymayhavelivedin the shelterand burrowedinto the
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Table 2. Uranium content for tooth enamel and dentine. Uncertanty for all valuesgs 0.02ppm.

Sample [Ulen (ppm) [Uldenl (ppm) [Ulden2 (ppm)
PT86enl 0.15 16.14 16.14
PT86en2 1.38 15.26 11.18
PT86en3 0.75 11.18 15.26
PT82en4 0.56 9.10 9.10
PT82en2 0.23 6.30 9.10
PT82en6 0.55 5.51 6.58
PT82en5 0.84 6.14 6.14
PT85enl 0.13 7.58 6.46
PT85en2 0.15 6.46 7.17
PT85en3 0.32 6.76 6.46
PT90enl 0.65 14.41 9.57
PT90en2 0.56 13.07 9.57
PT90en3 0.66 9.57 13.74
ET25en2 0.49 10.66 33.17
ET25enl 0.37 10.78 45.67
PT96enl 0.77 29.58 29.58
PT96en3 2.35(est) 23.52 23.52
PT98enl 0.85 20.04 13.90
PT98en2 1.29 13.90 19.75
PT98en3 0.50 19.46 13.90

https://abi.org/10.1371djurnal.por.0200530.t0D

MSA depositdo estivateCloseexaminationindicatesanimpurity in the ESRspectrumthat
distortstheresultsMore studyis underwayto seef theseagesn canbecorrectedln the
meantime shellagefrom Magubike suchasthosepublishedin WernerandWilloughby
(2017) haveto bediscarded.

Furtherevidencehatthe shellagesareincorrectis shownby comparisonof ESRand 14C
agesilnitially, thelsotraceRadiocarboriaboratoryatthe Universityof Toronto datedtwo

snailshellsOnefrom thelron Age/ historiclevelsfrom 20to 30cm producedan
uncalibrateddateof 2,990 60BP(T0O-13422)this producesa 68%confidencenterval of
1,31%0 1,125calibratedyearsBC.Another,from 130to 140cm, the samdevelasfour of the
hominin teeth,producedanuncalibrateddateof 41,790 690BP.Threeshellsfrom the 2012
excavationsyhichweredatedby radiocarbonwerealsodatedby ESR(Table4). All came
from testpit 12,whichisimmediatelyadjacento testpit 3 from 2006.0neshell from thelron
Agelevels20to 30cm belowthe surfaceproducedanuncalibrateddateof 4,477 32years
BP(OxA-27438) Another shell from closeto the top of the MSA deposit60to 70cm below
the surface)gaveadateof 49,200 900BP (betweem9,403and45,600calBC) (OxA-27439).
Thethird shell,from 90to 100cm belowthe surfacegaveasimilar date:47,550 700BP(or
betweem7,218nd44,291calBC) (OxA-27440) Thesedatesareconsistenwith the original
datefrom Isotraceln contrastandconsistentvith theoriginal Isotraceresultsthe

ESRagesaremucholder. shellsseento giveradiocarbondateghataresimilarto the
ESRdatesvhentheycomefrom therecentsequencéut appeato bemuchyoungerthan
expectedvhentheycomefrom the MSA depositsOnecould hypothesizehat the radiocarbon
agesareminima andthe ESRagesnaxima,but the differencebetweerthemistoo largeto
makethis arealisticproposition.The conservativassumptionthen,is thattheradiocarbon
dategprovideatleastaminimum agefor thesedepositsandthatthe MSA occupationin the
main part of the Magubikerockshelteiis atleast40,00¢0 50,000/earsold.
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Table 3. Summary ages for tooth samples. D(ext)istheexternaldoserate.EU D(int) istheinternaldoserateassuminganearlyuptakemodel.EU istheagein kaassum-
ing anearlyuptakemodel.LU D(int) istheinternaldoserateassuminglinearuptakemodel.LU istheagein kaassumingalinearuptakemodel.Doesunits arein micro-
graysperyear.Sedimentaryvaterconcentation: 10% Alpha-efficency:0.13.

Sample D (ext) Gy/a AD (Gy) Gyla EU (ka) LU D (int) Gy/a LU (ka)
PT86enl 3260 815.0 1520 170.5 702 205.7
261 32.0 43 12.9 17 17.6
PT86en2 3260 763.6 1299 166.7 605 197.6
261 25.0 41 125 17 16.7
PT86en3 3260 711.4 1183 160.1 543 187.1
261 31.2 30 13.0 13 16.9
PT86(avg) 3260 169.0 196.8
261 12.7 17.0
PT87enl 3260 799.8 1401 167.3 642 199.9
261 98.1 41 24.3 18 30.3
PT82enl 4231 678.2 538 142.2 242 151.7
306 48.0 15 13.6 9 14.9
PT82en4 4231 735.0 639 155.2 286 167.7
298 28.0 23 11.5 9 13.1
PT82en6 4231 745.0 400 160.9 177 169.0
298 50.0 25 15.1 12 16.2
PT82en5 4231 670.0 585 143.0 269 153.7
298 23.0 23 10.4 10 11.8
PT82(avg) 4231 150.3 160.5
298 12.3 13.1
PT83enl 4099 830.0 2850 120.3 1221 152.7
298 38.7 57 7.8 27 111
Sample D (ext) Gy/a AD (Gy) EUD (int) Gy/a EU (ka) LU D (int) Gy/a LU (ka)
PT85enl 3211 283.0 429 77.7 195 83.1
202 15.0 9 6.0 4 6.6
PT85en2 3211 267.0 381 74.3 174 78.8
202 10.0 8 5.0 3 5.6
PT85en3 3211 299.8 431 82.3 196 88.0
202 10.0 12 5.3 4 6.0
PT85(avg) 3211 78.0 83.3
202 4.1 6.0
PT90enl 4890 555.0 737 98.6 333 106.3
306 19.0 18 6.4 8 7.2
PT90en2 4890 547.3 679 98.3 307 105.2
306 28.1 17 7.4 7 8.2
PT90en3 4890 549.8 622 98.0 327 105.4
306 17.9 18 6.3 8 7.1
PT90(avg) 4890 98.3 105.6
306 6.5 7.5
PT9lenl 4796 744.6 1056 127.2 482 141.1
354 21.8 32 8.6 14 10.3
PT91len2 4796 616.4 733 113.6 285 121.3
354 26.0 21 8.9 9 9.9
PT91(avg) 4796 120.8 131.1
354 8.8 10.1
ET25en2 4959 915.0 1245 138.0 616 155.0

( )
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Table 3. (Continued)

328 45.4 45 7.1 20 7.8
ET25enl 4959 696.3 1382 104.5 638 117.6
328 45.4 34 8.6 22 10.1
ET25(avg) 4959 121.3 135.8
328 7.8 9.0
Sample D (ext) Gy/a AD (Gy) EUD (int) Gy/a EU (ka) LU D (int) Gy/a LU (ka)
PT96enl 3878 798.8 2118 133.2 990 164.1
203 54.0 90 10.7 35 13.2
PT96en2 3878 1018.0 2176 168.2 1016 208.1
203 60.0 89 14.1 41 18.3
PT96(avg) 3878 150.7 186.1
203 12.4 15.7
PT98enl 3391 1121.7 1513 229.5 705 274.7
213 35.3 35 12.8 18 16.8
PT98en2 3391 781.1 1524 159.0 703 190.8
213 37.4 41 10.6 18 13.6
PT98en3 3391 966.5 1350 203.9 725 240.8
213 30.0 32 114 14 14.9
PT98(avg) 3391 194.1 235.4
213 11.7 15.1

https://da.org/10.137 1§urnal.pon®200530.t003

Along with the snailshellsanumberof ostricheggshelbeadq OES)and beadfragments
from testpit 12weresubmittedfor radiocarbondating[15]. Threeof thesecamefrom MSA
levelswhile two camefrom thelron Age/ historiclevels.

OneOESheaddiscor preformcamefrom 80to 90cm belowthe surfacen testpit 12.1t
producedadateof 31,810 180BP(with a72%probability of anagebetweer4,7980 34,239
calBC,anda23.4%probabilitythe agerangefrom 34,0150 33,583BC) (OxA-27627)A sec-
ond preformfrom 70to 80cmbelowthe surfacen testpit 12gaveadateof 47,750 750BP
(47,4050 44,418 alBC) (OxA-27626).Thethird, acompletebead camefrom betweerb0

50.0 100.0 150.0 200.0 250.0 3000 350.0
-60 o

—

—{—

'
[y
[38)
(=)

Depth (cm)
—-
(=
(=)

-
IS
1<)
b
i

-160
-180 @

-200

Age (ka)

Fig 9. Age as a function of sample depth. Where multiple subsamples were measured, ages are average of all
subsamples.

https://cbi.org/10.1371durnal.por.0200530.909
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Table 4. Comparison of ESR and '*C ages for Achatina shells.

Catalogue Sample
2015MA®)2 CM69
2015MA®1 CM67
2015MA®3 CM68

https://da.org/10.1371durnal.pon®200530.t004

Depth C-14 Sample ESR Age (ka) C-14 Age (ka)
20+30 OxA-27438 6.2 0.4 4.47 0.03
60+70 OxA-27439 202 20 49.2 0.9
90+100 OxA-27440 183 18 47.6 0.7

and100cm belowthe surfacdn testpit 11,eastof testpit 12andsouthof testpits2and3
from 2006.Thishadaradiocarbondateof greaterthan 50,10BC (OxA-27628)16].

Giventhe stratigraphiodepthat which the humanteethwerefound in testpit 3,theyare
likely to beatleast45,000/earsold, and perhapsnucholder.In thefuture,it maybepossible
to directly datetheteethby laserablationusingESRand U-seriesIn additionto theradiocar-
bonandESRdating,Jamedg$-eather®f the Universityof Washingtonis alsoattemptingto date
sedimentgrom testpit 12 usingopticallystimulatedluminescencéOSL).However no final
datesareavailableyet.

Materials and methods

Thematerialavailabldor studyconsistof six permanentfully developedipperteeth.They
are:leftandright centralincisors right lateralincisor, right canine right third premolarand
left fourth premolar(Fig 10). Theywereall isolated without anyassociatetione.However,
theright canineandright third premolarareheldtogetherby matrix and by afragmentof
alveolatboneata point two-thirds of the wayup theroot. Aspectof the morphology,metrics,
wear,and pathologyof the teethsuggesthat theycomefrom the oneindividual.
Foursamplesverepreparedor makingmorphologicalcomparisons:

1. African mid/late Pleistocendyasedn publisheddescriptionscastsandoriginal specimens
heldbythe Human Origins Groupin the Departmentof Earth Scienceatthe NaturalHis-
tory Museum(NHM), London.Sitesn this samplefall into two principal groups:a) Middle

Pleistocen@re-modernhominins assignedo or archaic
(ThomasQuarrieslll, SakRabat,Jebelrhoud, BrokenHill, Eyasi)}) mid/late Pleisto-
cene (Guomde,SeaHarvestCave Kabual, Die KeldersCave EquusCave,

NazletKhater,Wadi Kubbaniyaandthe Aterian sitesof Mugharetel "Aliya,Dar esSoltan,
and Smuggler'ave).Themorphologicalraits that canbedeterminedvarywith the level
of wear,andfor somesites|ittle usefulinformation canbegleanedDueto the scarcityof
relativelyunworn sub-Saharamaterial the samplehasa North African bias.References
for sitesincludedin this sampleareidentifiedin Table5. Thedatafor numberof premolar
rootsfor Ndutu, Jebelrhoud, NgalobaLH18 andBodois from Schwartand Tattersall
[112].”: Crown measurementareincludedin groupslistedin Table6. Datesaretaken
from Klein [113]andothercitedreferences.

2. African Holocenematerialheldatthe NHM, London,for makingboth metricalandmor-
phologicalcomparisons:

i. aKenyanearlyHolocenesampleconsistingof specimengrom the sitesof EImenteita,
NaivashaNaishiand Gamble'<Cave[17];

ii. specimengrom thesiteof Gwisho(Lochinvar)in Zambia,datedat5+4ka[18].

3. RecenEast/SouthAfrican (last1000years)utilising sub-Saharamaterialheldatthe
NHM, London,for traitsfor whichtherearelittle relevantpublisheddata,principally relat-
ing to premolars.
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Labial Mesial Lingual Distal  Occlusal

Fig 10. Photos of the labial, mesial, lingual, distal and occlusal surfaces of the Magubike teeth: Upper left central
(LCI), right central (RCI) and right lateral (RLI) incisors, right canine (RC) and right third premolar (RP3) and
left fourth premolar (LP4). Scalelcm.

https://abi.org/10.1371durnal.por.0200530.g00

In addition, principally for traitsin the anteriorteeth,Bailey'2006[16] sampleof early
modernAfro-Asians mostlycontainingteethfrom Skh | andQafzehput alsofrom Die
KeldersCave EquusCaveand SeaHarvestCavewasemployedand,in addition, published
sample®frecentBantuandrecentSan.

Publishedmorphologicaldatapredominantlyrelateto anteriorteeth,of theteethbeing
studied,andnot to premolars Consequentlywhilst the mid/late Pleistocenand Kenyanearly
Holocenesamplesreusedfor comparisorto all the teeth,the earlymodernAfro-Asianand
recentBantuand Sansamplesreusedfor comparisorto the anteriorteeth,andtherecent
East/SouttAfrican samplas usedfor comparisorto the premolars.

Headingsn Table5 relateto the groupingsof non-recentsitesusedfor makingmetrical
comparisonsn Table6. Sitesncludedin eachgroupareidentified by . Comparisonsare
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Table 5. References used for comparative material. Headingselateto groupingsof sitesusedin Table6.

Specimen Reference
Homo erectus

(China~770ka) Weidenreich1937[23]
KNM-ER18087(~1.8+1.™Ma) BrownandWalker1993[82]
KNM-ER37337~1.8+1.™Ma) LeakeyandWalker1985[83]
SK27(~1.8+1.9Ma) Clarke1977[84]
KNM-ER803(~1.6+1.4Ma) BrownandWalker1993[82]
Nariokotome”KNM-WT15000(~1.5Ma) BrownandWalker1993[82]
OH 59/29°(~1.15+0.8Va) Rightmire 1980[85]

Homo heidelbergensis / archaic Homo sapiens

Tighennf* (Algeria~780ka)

Arambourg and Hoffstetter1963[87]

ThomasQuarrieslll ** (Morocco~600+40%ka)

Ennouchil976[88]; Rightmire 1990[86]

Sal* (Morocco~400ka)

Jaegell975[89] ; Day 1986[91]; cast

Jebelrhoud*” (Morocco~350+30%ka)

Hublin etal.2017[2]
Richteretal.2017[125]

Rabat” (Morocco~200+13%a)

Day1967[90]; Thomaand Vallois 1977[42]

BrokenHill ** (Zambia~300+20%ka)

Carter1928[92]; Day 1986[91]; original specimens

Lainyamok (Kenya~392+33ka)

Shipman etal. 1983[93]

Wadi Dagad® (Djibouti ~400+25(ka)

De Bonisetal. 1984[94]

Eyasi” (Tanzania~400+20ka)

Weinertetal. 1939[95]

Aterian

Mugharetel "Aliya™ (Morocco~128+4ka)

eny@rek 1940[96]; Briggs1967[53]

Dar esSoltart” (Morocco~128+4ka)

Hublin etal.2012[97]

Smuggles Cave(Grotte desContrebandierys™
(Morocco~128+4(ka)

Hublin etal.2012[97]

Sub-Saharan Middle Stone Age Homo sapiens

Guomdeé (Kenya~300+10ka)

Photogaphstakenby G BrAler, F Spoor;cast

Herto™ (Ethiopia~160+154ka)

White etal.2003[98]

Omo Kibish 1* (Ethiopia~198+104a)

Leakeyetal.1969[99]

SeaHarvestCave”™ (SouthAfrica~128+4ka)

Grine andKlein 1993[120]

Kabual** (Kenya)

Whitworth 1966[117]; original specimen

Die KeldersCavé* (SouthAfrica ~75+6%a)

Averyetal 1997[100]; Grine 1998[101],2000[74]

EquusCave™ (SouthAfrica~75+27ka)

Grine andKlein 1985[102]

North African later late Pleistocene / early
Holocene

NazletkKhater (EgyptMSA~37.5ka)

Thomal1984[103]; Pinhasi1998[104]

JebeBahaba(N Sudan~14+1%a)

Anderson1968[105]

WadiHalfa"(N Sudan-11+8ka)

Greeneetal. 1967[106]

Wadi Kubbaniya* (Egypt~25+20ka)

Wendorfand Schild1986[107]

N African EpipalMeso”(Taforaltand Afalou)

Bermfdezde Castro1991[108]

Sub-Saharan Holocene

MatjesRiverProto Bushman(SouthAfrica~9.7
ka)

Keith 1933[109]; Sealyetal. 2006[110]; cast("proto-Bushma)

KenyaearlyHolocene(Elmenteta; Naivasha;
Naishi;Gamble'€Cave)

Measure by Tim Compton

Gwisho(Zambia~5+4ka)

Measure by Tim Compton

Mapungulwe (SouthAfrican Iron Age)

Galloway1937[56]

Other

Mugharetes-Skhl (Israel~120+9ka)

McCownandKeith 1939[118]
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Table 5. (Continued)

Specimen Reference

Recent sub-Saharan (measurements)

Teso(Kenya) Barnesl969[111]
SanBushme Drennan 1929[79]
Bantu(SouthAfrican) Middleton Shawl1931[57] (crown heightsandroot lengths);

Jacobsori982[54] (crown dimensbns)
*: Sitedgncludedin mid/late Pleistocenenorphologcalsample.

https://abi.org/10.1371durnal.por.0200530.t00

alsomadeto metricaldatapublishedfor recentAfrican groups:Teso Bantu,and SanBush-
men.Measurementfor comparativematerialusedin Tabless, 7 and 8 aretakenfrom pub-
lishedsourcesasindicatedin Table5, unlessotherwisestated.

Themorphologicaltraits studiedaredescribedn Table9. Most of the morphologicaltraits
studiedarein the ASU (Arizona StateUniversity)dentalanthropologysysten(ASUDAS),and
the ASUscoringsystenis followedusingtheir dentalreferenceplaqueg19+20].Whereboth
left andright antimeresarepresentthe highestexpressiorof atrait encountereds the one
used(accordingto [19]).

Thedefinitionsusedfor measuringmesiodistabkndbuccolinguakrowndiameterscrown
heightandroot lengtharethoseof Moorreeg21], andthosefor root robusticityareasdefined
in Comptonand Stringer[22], basedn Weidenreich'anethod[23]. Cervicalmeasurements
arethosedefinedby Hillson . [24]. No adjustmentdor wearweremadeto the mesiodistal
crown dimensionsof the Magubiketeeth,it not beingconsideredhat the interproximalwear
wassufficientto warrantthis. Whereboth antimeresveremeasuredthe measurementare
averagedinlesotherwisestated Estimatedoot lengthsweredeterminedby extendingthe
buccalandlingual surface®f theroot on ascaledhotographandassuminganarrowrounded
tip similarto thoseon the two teethwith completeroots. The methodof Smith[25] is
employedo describehelevelof wearon theteeth.

All the observationsnadeon the Magubiketeethwererepeatedafteranintervalof a
month. On othermaterial,outlier measurementand observation®f low frequencytraits
wererepeated.

Scratchesn thelabialsurfaceof the teethwereobservedisinga ScanningslectronMicro-
scopeanddetailedthree-dimensionamodelsof the surfacesvereproducedusingan Alicona
Infinite Focusopticalsurfacemeasuremensysten{26+27].Theorientationof the non-masti-
catorystriationsrelativeto the occlusaplanewasmeasuredn scanningelectronmicroscope
imageof thelabialsurfacesisingthe four orientationcategorieslefinedby LaluezeFoxand
Frayer[27]: horizontal,angleextendingbetweerDE-22End 158E-180Eght oblique,from the
individual'supperright to lowerleft, angleextendingbetweer23Bo 67E|eft oblique,from the
individual'supperleftto lowerright, 113E-157@ndvertical 68E-112E.

Descriptions

Thesixteetharecompleteapartfrom the apicef the rootsof the right-handteeth ,whichare
missing.The apexof theleft fourth premolarroot is alsoslightly chipped.Therootsand
exposedientineof theright-handteetharestainedblack.Thisis lesspronouncedon the left-
handteeth,which havepatcheof blackstainon therootsandnoneon exposedientine.All
therootshavepatchef concretion.Therealsoappearso bemineralisationtowardsthe cer-
vix, andextendingonto the roots,causinga high gloss Theleft centralincisoris split near-
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Table 6. Comparative crown measurements (in mm).

Upper
Site / Sample I1

‘0’

African non-recent
%3
Range

. /
archaic. %

. /
archaic.
Range

Aterian (128+4ka)
%

Aterian (128t4ka)
Range

Magubile %
Sub-SaharaMiddle
StoneAge%
Sub-SaharaMiddle
StoneAgeRange

N AfricanlaterLate |17
Pleistocené early
Holocene%

Kenya(Early 2
Holocene)%

Kenya(Early
Holocene)SD

Kenya(Early
Holocene)Range

Gwisho(Zambia,5+4 | 8
ka) %
Gwisho(Zambia,5+4
ka) SD
Gwisho(Zambia,5+4
ka) Range
Mapungubve (SA, 4
Iron Age)%

Recent Sub-Saharan

Teso(Kenya)% 27
Teso(Kenya)Range
SanBushman% 25
antu(SA) % 191
Bantu(SA)Range

Upper
I1
Area

94

Upper
I1

Index

75

77+110| 71+80

75
61

60+61

62

67

64170

60

49+71

69

53

54
63
48+86

80
72

71+73

71

88

88+89

82

7397

88

82

78
83
70+£110

https://da.org/10.1371durnal.pon®200530.t006

Upper | Upper
12 12
‘n’ Area
3 66
62+72
2 72
68+76
1 58
1 37
33 51
4 49
8
43+60
6 42
5
35448
4 58
28 46
24 40
266 46
24+85

Upper | Upper
12 C
Index |‘n’
102 3
99+105
97 7
88+106

1
87 1
102
94 34
97 5
11
87+111
94 6
6
86+100
92 3
91 15
90 26
95 363
57+124

Upper
C
Area

96
79+110

92

81+110

89

71
73

58+89

71

64

59+71

59

11

4776

82

67

59
65
45+91

Upper
C

Index

98
91+106

110

100+
126

133

117
106

91+119

113

111

101+
126

105

100+
108

110
106

104
109
92+139

Upper
P3

‘n’

36

10

14

25
389

Upper
P3
Area

113

101+
129

92

82+105

82

79+84

70
71

60+81

75

72

64+87

62

52+75

86

75
56+95

58
68
44+90

Upper
P3
Index

144

137+
162

138

132+
147

126

119+
134

128
145

124+
167

133

131

10

110+
145

132

120+
143

134

131

124+
147

126
132

108+
150

Upper |Upper
P4 P4
‘n’ Area
2 98
98
6 93
79+105
2 103
102+
103
69
72
54+81
44 72
11 66
8
56+80
6 65
7
55+74
4 85
10 72.6
58+80
26 55
386 64
45+86

Upper
P4
Index

145

142+
149

142

135+
156

129

118+
140

126
132

122+
150

140

140

131+
154

136

127+
148

133

132.9

119+
147

131
140

121+
163

verticallyinto two piecesalongthe mesiodistabxisof the crownandthe buccaltwo thirds of
theroot. All theteethhaveminor
Thesixteethhavesufferedataphonomicerosiveprocessausinghe partial dissolutionof
theenamelandtheformation of obviousgroovesand perforationsof the crown,exposinghe
prismaticstructureof the enamelFig 11A). Thisdamages accentuatedn their roots,proba-
bly dueto differencesn hardnes®f theenamelnddentine.Thistypeof alterationis likely to

verticalcracking.
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Table 7. Comparative measurements for crown height (in mm).

Site / Sample

Magubile
SK27%

Nariokotome
"R

Range
Rabat

Mugharetel Aliya
SeeHarvest
EquusCave
KenyaEarlyHolocene%

KenyaEarlyHoloceneRange
Gwisho%

GwishoRange
Recent
SanBushmen%

Bantu¥% (range)

BantuRange

Upper Central Incisor Upper Lateral Incisor Upper Canine Upper Third Premolar Upper Fourth Premolar
N N N N N
>11.3 >10.0 10.7 7.9 6.8

1 1

14.02 16.3
1 1 1 1 1
12.95 13.3 11.9 9.4 8.05
1 2 2 1 2
13.3 11.65 13.9 9.7 8.25

11.4+11.9 13.6+14.2 8.2+8.3

1 1 1 1

>10.0 12.5 ~ 10.0 8.5

1 1
12.9 9.0
1
8.5

1

10.2
2 4 4 8 6
10.6 9.8 10.4 8.3 7.9
10.0+11.1 8.5+10.8 9.9+10.8 7.949.1 7.3+8.5
2 1 1 2 1
115 9.6 11.2 7.6 >7.0

7.0+8.1

19 18 20 17 15
9.3 7.9 7.9 6.6 6.3
65 66 66 62 87
10.5 9.4 9.9 7.9 7.7
9.0+£12.5 8.0+£11.0 8.5+12.0 7.0£8.5 6.5+9.0

*: Highestof two antimeres shown.SeaHarvestUP4measuredrom scaledhotograph.

2: Measurd lingually.

https://da.org/10.1371¢urnal.pon®200530.t007

beassociatetvith chemicaldegradationsimilar to the dissolutionof the corticalsurfaceon
bonecausedy root etching[29+31].It seemdikely thatthe scarcityof humanremainsatthe
siteis associatedith this proces®f strongchemicaldegradatior{32+33].
Dueto damageit is not possibleo ascertairthe degreeof
or minor chippingon theteeth.It canbesaid,though,that therewasno major
chippingor fracturesTheonly definite chippingof the enamels alongthelin-
gualsideof the exposedientineon theright centralandlateralincisors(chips0.3mm wide).
Inter-proximal facetsarevisibleon all teeth,apartfrom distallyon theleft centralincisor,due
to damageandbetweertheright canineandright third premolar.Theyareflat
andregularlyplacedexcepfor the distalfaceton theleft fourth premolar,whichis atthe buc-
calendof thedistalsurfaceand orientedslightlybuccallyand occlusallyimplying minor rota-
tion andtilting of thistooth. Thereareno sub-verticagrooveson thefacets.
Despitethetaphonomicdamageit is still possibleo observepn the undamagedreasa
serief veryfine striationson the buccalandlingual surface®f the enamelbof all theteeth
(Fig 11B).Thesehaveasize betweerb0to 200 m in lengthandlesghan20+30m in width,
andoverlappingorientation,normally categorizedsmicrowear.Microwearstriationsare
assumedo berelatedto the masticationof food [34+36].0n the buccalsurface®f the crowns

polish
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Table 8. Comparative measurements for root length (in mm).

Site / Sample Upper Central Incisor Upper Lateral Incisor Upper Canine Upper Third Premolar | Upper Fourth Premolar
N Length N Length N Length N Length N Length
MagubilebActual 16.5(left) >12.1 >18.1 >17.0 21.6
MagubikbEstimate’ 16.5 19.5 20.0
Nariokotome 1 21.15 1 >18.2
17.1 1 19.0 4 22.6 2 20.2 3 15.2

Range 11.5+0.7 21.8+23.2 20.0+201 13.3+16.2
Skh | % 3 17.3 3 18.2 4 18.6 2 15.5 3 14.7
Skh | Range 15.5+20.0 17.8+18.5 15.0+22.8 11.6+1%8 13.3+17.5
Rabat 1 >17.5 1 ~ 18.5 1 19.0
SeaHarvest >19.1
KlasiesRiverMain 13.5
EquusCave 14.0 12.5 1 18.7
MatjesRiver 175
Gwisho% 6 13.5 4 13.8 2 15.4 2 14.0 3 14.6
GwishoRange 11.5+16.9 11.4+18.0 14.6+16.0 12,712 12.2+16.9
Mapungubve % 2 15.5 2 12.3 2 18.3 1 15.0 2 16.0
Mapungubve Range 14.0+17.0 11.5+13.0 17.5+19.0 15.0+17.0
Recent
Teso% 19 13.8 20 13.7 15 17.9 15 15.0 10 16.4
TesoRange 12.0+16.3 12.0+17.3 14.8+24.2 13.6+x18 13.2+18.3
SanBushmen% 19 12.5 18 125 20 16.3 17 14.5 15 14.8
SanBushmerRange 10.0£15.5 11.0+16.0 13.3¥19.5 12.0£18 13.0£18.3
Bantu% 66 13.4 66 13.6 66 17.3 62 13.9 87 14.6
BantuRange 11+18 10+16 13+24 10+19 13+19.5

*: Estimatedengthsof Magubikeroots calculatedy extendirg the buccalandlingual surfacesndassumingaroundedapex.

https://da.org/10.1371durnal.pon®200530.t008

thesearenearhorizontalon theright incisorsandboth verticaland obliqueoccluso-distabn
thecanineandpremolarsAll theteethhaveverticalstriationslinguallyandalsostrongerobli-
questriationson the canineand premolarswhich arenearhorizontalon the fourth premolar.
No striaeor groovesareapparenion themesialor distalsurface®f theteeth.

Thereis no indication of cariesandno hypercementosisSeerat 12xmagnification the pre-
molarshaveirregularverticalcorrugationson the buccalsurfacen the occlusahalf. All the
teethhavemultiple disturbance®f the perikymata/ verymild furrow-form hypoplasieon the
buccalsurfacgowardsthe cervix,in particularthe canine which alsoshowsthis lingually.
Thereis clearmultiple furrow-form hypoplasian this positionon thefourth premolar(occur-
ring ataboutageb yearsusingFig96in [37]), andthis episodemaybereflectedn horizontal
lineardisturbance theroot of thethird premolarnearthe cervix.Therearetwo groupings
of multiple furrow-form hypoplasia®n the buccalsurface®f the two centralincisorsin the
cervicalhalf,whichalign (occurringataboutage3.5yearsusingFig 96in [37]). Thesealso
occuron thelateralincisor, but veryfaintly. Thesemight beexpectedo bereflectedn the
occlusapart of the caninebuccalsurfaceput thisis much erodedandonly a partial singlefur-
row is visible.Thereis no pit hypoplasiaon theteeththat canbeseerat 12xmagnification.
Thereis no evidenceof calculusThereareno irregularitiesof occlusionandthereappearso
havebeenslightoverbite.

All theteethhavesinglerootsthat taperto aroundedpoint (wherecomplete)andall have
singleroot canalsTherootsarenot entirelyregularin that,in most,the curvatureor direction
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Table 9. Descriptions of non-metric traits used in this study.

I*: Bothcentralincisorsarerotatedmesiolingually, giving av-shapedappearance

(viewedfrom buccalaspect)’: Scoredassquare(type 1), taperirg (type2) or ovoid (type3) usingLeon
Williams' classificatior(Williams [121]).

11,12, CX: The presencef mesialanddistallingual marginalridges Degreescoredasgradesl+7.

Note on measuremet of degreeof shovellig:BJacobsorf54] and Barneg111]recordshovellingastrace ,semiand
full. In usingthis method,Carbonel [119] definedsemi-shoel asbeingwhenthe depthof thelingual fossebetween
the mesialanddistalmarginswasl mm.
Traceshovehadadepthlessthanthis andfull shovehadadepthgreater Thedepthof thelingualfosseon grade2
of the ASUDASUI1 shovellig dentalplaqueis 1 mm andgrade? is thereforeequivalento semi-sheel.

1,12, C1, P?, P* Thepresencef mesialand distalbuccal(labial) marginalridges Degreescoredas
gradesl+6.
Note:Definedin the ASUDASsystenmasreferringto anteriorteethandthird premolarsbut herealsoappliedto
fourth premolars

1" (viewedfrom occlusahspect)’: Theextentto whichthelabialsurfaceof theincisoris
curved.Degreescoredasgrade0+4.
11,12 A groovethat crosseshe cingulumon thelingualtooth surfacemesial distalor medial,
oftenreachingtheroot.
# (including finger-like projections)l?, 1%, C*: Emanatingfrom the cingularregionof thelingual
surfaceCanrangefrom the form of finger-like projections(gradesl+4)to acuspor tuberclewith or without afree
apex(gradess-to 6).

$ (viewedfrom buccalaspect)? May benormal, or distallyreducedreducedn size peg-
shapedr haveadlstallndentatlon(Hlllson [51]). (Thisis scoredasreducedn sizeor peg-shaedin the ASUDAS
system.)

1% A pit occurringin the centreof the lingual cingulum.May besmallor largeand hollowedout (
). Gradesl+2.

(viewedfrom occlusahspectCh: The occlusakhapemaybeswollen(especiallyingually)and
rounded(premolaiform), or triangular/ diamondshapedpr mesiodistdly elongatel.

(viewedfrom occlusabspect)Ch: Thereis commorly amesioluccalbulgein the occlusal
outline.

(viewedin verticalpositionfrom mesialaspect)Ct, P?, P*: Thebuccalsurfaceextends
significartly beyondtheline of the cervix.

% & [ C: Extendsfrom the tubercdum dentaleto the occlusakdge maybe
placedcentrallyor mesially and canbemultiple. It canbereplacedy adeepcentralgroove(not scored).

Ck: Mesiolingualridgeis largerthan the distolingua ridge andis attachedo the lingualtubercle
suchthatit runswithout interruption to the distalsideof the tooth.

C*: A ridgeoccurringin thedistolingua fossebetweerthe tooth apexand the distalmarginal
ridge.Sizescoredasgradesl+5.

( (viewedfrom mesialaspect)?, C:: Thereis distinct convexiy of the buccalsideof the
root, in particuar towardsthe apex suchthatthe apexis placedinguallyto the verticalaxisof the tooth.
Determinedfrom root socketdor sub-Sahaan Eastand SouthAfrican sample.

P®, P* Thesagittalsulcuss stronglybifurcatedatits mesialand/or distalendresultingin a
bulgeor free-stanéhg accessagrtubercleon the marginal ridge.

" P?, P* The presencef mesialor distalaccessoryidgeson the buccalcusprunning
nearparallelto the essentiatrest.
P3,P4:Thebuccalessentl crestmaybifurcateasit approachethe sagittalsulcus.

& " P?, P* Thesagittalsulcus(mesiodisal occlusabevelopnentalgroove)
maybecontinuous,or beinterrupted by oneor, veryrarely,more enameridgesconnectirg the buccalandlingual
cuspsThis maybemedially, mesiallyor distallyplaced (Krausand Furr [114]; Ludwig[115]).

) * on P?, P* Theremaybeoneroot, two roots,buccalandlingual,or three resultingfrom bifurcation
of thebuccalroot.

https://dbi.org/10.1371djurnal.por.0200530.t08

of oneor more sideschangestapoint onethird of thelengthof theroot from theapexNone
of theteethhasawaistor prominentoverhangf enamehtthe cervix,or abuccal/lingual
basaprominence The measurementsf the Magubiketeetharesummarizedn Tablel0.
Locationsof crown morphologicatraits areindicatedin Fig 12.
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Fig 11. A. Scanningelectronmicroscope (SEM)imageof thelabialsurfaceof theright centralincisor,showinggroovesexposinghe prismati structure of the enamel
(white arrows).B. SEMimageof the labialsurfaceof theleft centralincisor,showingmicrowearstriations(a) and nonmasticatoy striations(b).

https://de.org/10.137 14urnal.pon®200530.g01

Incisors

Thewearon all threeincisorsis grade4 (moderatedentineexposure)flat andlingually
inclined. Theyall havealine of exposedientine,approximately7.4x 1.2mm on thecentral
incisorsand5.7x 0.7mm on the lateralincisor. Thedentineis near-flaton theright central
incisorandnormallyworn on the othertwo incisors.Buccato the dentine the occlusakurface
isrounded.Lingualto thedentine(andmesialanddistalto it, wherenot eroded)is alingually
inclinedwearfacet.Thisis roundedlingually.All threeincisorshavedeepscratchesn the
buccalsurfacgdescribedelow)andhaveslightrounding of the lingual surfacedueto wear.
The presencef regularlyplacedmesialinterproximalfacetson the centralincisorsindi-
categhe absencef winging or midline diastemaThecrownshapesre'tapering'viewed

Table 10. Measurements of the Magubike hominin teeth (in mm to nearest 0.05).

Measurement Direction Upper Right Upper Left Upper Right Upper Right | Upper Right Upper Left
Central Incisor | Central Incisor |Lateral Incisor |Canine Third Premolar | Fourth Premolar
Crown MD length 9.6 9.7 8.2 7.8 7.4 7.4
Crown BL breadth 7.7 7.75 7.1 9.1 9.5 9.35
Crown Area(MD x BL) 74 75 58 71 70 69
Index ([BL/MD]x 100) 80 80 87 117 128 126
Rootrobusticity MD 6.9 6.7 6.0 6.2 5.6 5.7
Rootrobusticity BL 7.2 7.2 6.6 9.0 8.8 8.6
Rootrobusticity MD x BL 50 48 40 56 49 49
Cervical MD 7.1 7.3 6.1 6.4 5.9 6.1
Cervical BL 7.5 74 6.9 9.0 9.0 8.9
Cervical MD x BL 53 54 42 58 53 54
Crown height >10.4 >11.3 >10.0 10.7 7.9 6.8
Rootlength >13.5 16.5 >12.1 >18.1 >17.0 21.6
BuccalAngle (Angleto vertical,occlusakdge 28 28 27 22 20 17
to point of maximumcurvatue)
Rootrobusticity/ 0.67 0.64 0.68 0.79 0.70 0.71
crownarearatio
https://da.org/10.137 1§urnal.pon®200530.t010
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Fig 12. Photosof A. the occlusil surfaceof theright lateralincisor showing:a:shovellingb: cingulumpit; c:tuberculumdentale B.the occlusa
surfaceof theright canineandthird premolarshowing:a:doubleshovellingb: mesialcanineridge;c: distalaccessoryidge;d: mesialinterruption of
sagittasulcusandassociatetiuccalandlingualmesialaccessorgidges;e:buccalcuspdistalaccessoryidge;f: buccalcuspmedianridge;g:lingual
cuspmedianridge;h: sagittakulcusuns overmesialmargin;i: anteriorfoveaj: posteriorfoveaC. the occlusaburfaceof the left fourth premolar
showing:a:mesialanddistaltriangulargroovesb: bridgeacrosgunction of distaltriangulargrooveandsagittalsulcusD. thelingual surfaceof the
right canineandthird premolarshowing:a:mesiallyplacedingualridgeandE. thelingual surfaceof the left fourth premolarshowing:a: medially
placedbuccalcusp;b: mesiallyplacedingual cusp;c: concavelistalmargin of buccalcusp.

https://doiorg/10.1371§urnal.pong®200530.g012

buccally The shapeof the lateralincisor crownis normal, with no reductionor distalindenta-
tion. Thereis mild shovelling(gradesl+2)on all threeincisorsand mild doubleshovelling
(gradel) on the centralincisors.On the centralincisorsthe doubleshovellings more pro-
nouncedmesiallythandistallyandis barelyvisibledistallyon theright centralincisor. There
aresingledistallyplacedinger-like projectionson the centralincisors,andagrade5 tubercu-
lum dentalein theform of anarrowbuccolinguatidge,with acingulumpit distalto it, onthe
lateralincisor. Thereis acentralverticalgrooveon the buccalsurfaceof the left centralincisor
andon thelateralincisor.

Therootsof the centralincisorsarestraightand havearoundedtriangularshapeflattest
mesiolinguallyThetaperin the apicalthird of theserootsis greatedinguallythanbuccally.
Theroot of thelateralincisor hasamesiodistallyflattenedand roundedrectangulashapeand
aslightdistalcurvaturetowardsthe apex.Thebuccalsideis distinctly longitudinally convex.
Thereareno grooveson theroot.

Canine

Wearis gradel (in occlusionbut no dentineexposure)Therearelinguallyinclined wearfac-
etson the mesialanddistalmarginsof the caninecusp.Thedistalmarginbuccalto the facetis
roundeddueto wear(mesialmargineroded).Thereis alsorounding of the lingual surfacedue
to wear,more pronouncedthan on theincisors.
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The occlusakhapeof the canineis nearcircular,swollenlingually,with amild mesiobuccal
bulge.This,togetherwith the blunt cuspshapegivesthe tooth apremolariformappearance.
Thereis no tuberculumdentale put thereis awide, mesiallyplaced)inguallongitudinalridge
(tubercleextension) Thereis mild shovelling(gradel) and moderatedoubleshovelling(grade
2).A caninemesialridgeis presentandadistinct grade3 distalaccessoryidge.

Theroot is mesiodistallyflattened widestbuccally The angleof taperto the apexis greater
distallythan mesiallyin the apicalpart of theroot. The maximummesiodistatlimensionis at
the cervix,but the maximumbuccolinguadimensionis 4 mm from the cervix,dueto the con-
vexityof thelingual surfaceof theroot. Thereis averydistinctlongitudinal curvatureto lin-
gualof the buccalsurfacesothatthe apexis placedinguallyto the axisof thetooth. Thereis a
mild verticalgrooveon thedistalsurface.

Premolars

Wearis gradel (in occlusionbut no dentineexposure)Thebuccalandlingual cusptips of the
premolarsareboth roundeddueto wear.On thethird premolartherearewearfacetson the
distalmarginsof both cuspspothinclined lingually. Thesearealsopresenton the fourth pre-
molar,aswellasalinguallyinclined faceton the mesialmargin of the buccalcusp which con-
tinuesonto theridgeacrosghe sagittalsulcus.

Theocclusakurfaceof the premolarshasaregularrounded-triangleshapeThebuccal
cuspsaremediallyplaced put thereis pronouncedmesialplacemenbf the lingual cuspin
relationto the buccolingualongitudinal axisof the tooth at the cervix(leaston the third pre-
molar). Both cuspshavestrongmarginslinking to prominentmesialanddistalmarginal
ridges.Thesearestraight,apartfrom the distalmargin of the fourth premolarbuccalcusp,
whichis concaveThe sagittalsulcuscontinuesu-shapednto the distaltriangulargroove On
thefourth premolarthereis aslightenamebridgeat this point. Theindistinct distalfoveais at
themostlingual point of the sagittalsulcus The sagittalsulcusdoesnot interrupt the mesialor
distalmargins rathergoesoverthe mesialmarginon the third premolar.Bothtriangular
groovesarefissured Thebuccalessentiatrestis wide and prominenton both premolarsand
thelingualessentiatrestis prominenton thethird premolar,but slighton the fourth premo-
lar. On both premolarstherearemesialanddistalaccessorgcclusaridgesbuccally and
mesialingually. The mesialaccessorgidgeson the buccalandlingual cuspsof the teethlink
to form amesiallyplacedow ridge (transverserest)overthe sagittalsulcus.This doesnot
reachthe cusptips andis weakeron thethird premolar.On both teeth,buccalandlingual
groovesascendhedistalsideof this ridgefrom the sagittalsulcusOn the third premolarthere
isastrongridge betweerthesetwo groovesThereis alsoaslightinterruption of the sagittal
sulcusbetweerthe buccalandlingual essentiatrestson the third premolar.Theanterior
foveais buccolinguallyelongatedthe mesialtriangulargroove).Thereis no wrinkling of the
occlusaburfaceThewide caninegrooveon thethird premolaris verydistinct. Both premolars
havedoubleshovelling(grade2 mesiallyand 1 distallyon thethird, andthereverseon the
fourth), andon thefourth premolarthe distaldoubleshovellinghasmultiple verticalgrooves.

Therootsarelong andslenderand mesiodistallyflattened andthe root of the third premo-
lar hasaslightdistalcurvaturetowardsthe apex.The completeroot of the fourth premolaris
similarin certainrespectso that of the canine S greaterangleof taperdistally,longitudinal
convexityof the lingual surfaceowardsthe cervix,andlongitudinal curvatureto lingual of the
buccalsurfacdn the apicalhalf, but not aspronouncedasin the canine Both premolarroots
havedistinctinfolding forming wide groovesrom approximately3.5mm to 9 mm from the
cervix,mesialanddistalon the fourth premolar(the distalbeingthe deepest)anddistalon the
third premolar.
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Results and discussion
Number of individuals

Althoughonly two of the teetharelinked by alveolartbone, it isreasonabléo assumehatthey
all comefrom the oneindividual, despitethe factthat theywerefound in two groups,10cmin
depthapart:-

i. Theinterproximalfacetson adjacenteethfit;
ii. Thelevelsof wearareconsistentvith thisassumption;
iii. Theepisodesffurrow-form hypoplasialignon theincisorsandon the premolars;

iv. Thereisasimilarity of size shapeand morphologybetweerthetwo centralincisorsand
betweerthetwo premolarsand

v. Eachof thetwo groupsin which theteethwerefound containedoneof the centralincisors,
thesealmostundoubtedlybeingantimeres.

However the factthattheteethwerefound at differentlevelssuggestthat therehasbeena
certainamountof mixing and/or rapid accretionof the depositsatthe site.

Age at death
Smithandco-authord38+39]havedemonstratedusingsynchrotronvirtual histology that
the Middle Palaeolithic juvenilesfrom QafzehandJebelrhoud hadsimilar

dentaldevelopmentimesto thoseof modernhumans However it shouldbenotedthat
Guatelli-Steinbergnd Reid[40] found thatthe perikymatadistribution patternin Qafzeh
anteriorteethdifferedfrom recenthumanteethin the samewayasfound in Neanderthals
andconsideredhisto betheretentionof anarchaictrait. Smith ~ .'s [38+£39]findings
suggesthatit is reasonabléo usemodernhumancriteriato ageboth archaicandanatomi-
callymodernhumansfrom thelatermiddle Pleistocenandthe latePleistoceneApical clo-
sureof thefourth premolar(the lastof the teethpresento becomédully developed)s
completegivingaminimum ageof 14yearg(Table5.1in referencd41]). Thereis little
wearandno dentineexposureon the canineor premolars(dentineexposureon the canine
appeargo beimminent), suggestinghattheteetharefrom ayoungindividual. Thomaand
Vallois[42] consideredhatthearchaic . "RabaMan’, with asimilar (but slightly
lower)levelof wear,wasagedl4+15yearshasedn the degreeof third molardevelopment,
usingmodernhumancriteria.

Wear

Thelingualrounding of the Magubikeincisorsand canineis unlike LSAMAT (lingual surface
attrition of the maxillaryanteriorteeth)describedy Turner and CheuicheMachadd43] and
alsounlike theirregularcuppedwearproducedby erosion[122], but ratherit andthe promi-
nentandlargelynearhorizontallingual striationson the canineand premolarsareconsistent
with lengthymasticationof vegetablenaterial[123+124].

Grine . [44]andHenshilwood . [45] notethatthe presencef faint horizontal
striaeon themesialanddistalsurface®f premolarandmolar crownsis commonamongst
SouthAfrican MSAteeth,occurringat BlombosCave KlasiesRiver,Die KeldersCave,
BorderCave and EquusCave As statedabove thesearenot apparenton the Magubike
teeth.
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Morphology

It isdifficult to makecomparisonsandto look for trendsin eithermorphologyor measure-
mentsof relevantMSAteeth,sincethereis little African Pleistoceneomparativenaterial
availableor the preservedMagubiketeeth particularlyin sub-Saharadfrica,and much of
thematerialthatis availablds veryworn (e.g.NazletKhater,BrokenHill, LakeEyasiHerto,
NgalobaandKabua). Themorphologicalraits of the Magubiketeetharepresentedalong
with comparativedata,in Tableslland12.

Relationships between comparative samples. Scottand Turner[20] identifiedasub-
Sahararcomplexof morphologicalraits occurringamongstrecenthumans.Theysubdivided
thisinto WestAfrica, SouthAfrica, and San.Sometraits specificto the teethbeingstudied
havehigh or low occurrenceatesin recentsub-Saharaifricanscomparedo othergroups:-

1.Low:winging,shovellingn uppercentralincisorsat gradesabove2, doubleshovellingn
uppercentralincisors,interruption groovesn upperlateralincisors.

2.High: mesialcanineridgein uppercanine two-rootedupperthird premolars(though
this variesbetweergroups).

Thesdindingsarereflectedn the African mid/late Pleistocenend KenyanearlyHolocene
samplesThePleistocenandearlyHolocenesamplesareboth characterisethy low gradesof
incisor shovellinganddoubleshovellingbelowgradest and 3 respectivelyandmild finger-
like projections(asdistinct from tuberculumdentale) gradesl or 2. Thegradef labialcon-
vexityof the centralincisor arealsolow, belowgrade3, andinterruption groovesareabsent.
Differencesn the Pleistocensamplecomparedo the earlyHoloceneandrecentsamples
usedfor comparisorare:-

i. Incisors:therearehigheroccurrenceatesof finger like projections/ tuberculumdentale
and,in thelateralincisors,grades>4.

ii. Canine:caninemesialridgeis absen{andalsoabsenin the earlymodernAfro-Asiansam-
ple).(Neverthelesganinemesialridgeoccursatahighratein Neanderthal$16] and
Stringer . [46] consideredt to beprimitive for modernhumans).

iii. Premolarsdoubleshovellings commonerdistallyon third premolarsand mesiallyand
distallyon fourth premolarssagittalsulcusis not interruptedon third premolarsput
morefrequentlyinterruptedon fourth premolarsand,in third premolarspuccalaccessory
occlusatidgesarecommoner.

TheKenyanearlyHolocenesamplediffersfrom both the mid/late Pleistocensampleand
recentcomparativesamplesn occurrenceatesof certaintraits:lateralincisorreducedyound
occlusakhapeof canine buccalbasaprominencein premolarg(all higher)and caninetuber-
culumdentale(grades>4) (lower).

Certainpatternsareclearin the premolarmorphologicaltraits scored:

i. Accessorynarginalcuspsin all but onesamplethesearecommoneron the distalmargin
than on the mesial and cuspson the distalmargin occurmorefrequentlyon P* thanon P?

i. Doubleshovellingthisis commonermesiallythan distallyon the P?, asfound by Scottand
Turner[19] in anteriorteeth,but thereis no clearpatternon the P*.

iii. Buccabasaprominencemostoftenfound on the P*

iv. BuccalaccessorgcclusatidgesBurnettetal.[126]found theseto becommoneron the P*
thanon the P> andcommonerdistallythan mesiallyon the P?, This generallyholdshere

v. Sagittabulcusinterrupted:mostoftenfound on the P*.
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Table 11. Morphology comparative data, upper incisors and canine, percentage frequencies.

Trait Magubike Magubike Early Modern African Mid / Late
Left Right Afro-Asian Pleistocene

Central Incisor

Bilateralwinging No No 0(0/8)

Crown shapeapered Yes Yes 67(2/3)

Shovelling>1 1 1 33(2/6) 40(2/5)

Doubleshovelling>1 1 1 0(0/7) 25(1/4)

Occlusalabialconvexiy >1 1 1 50(4/8) 40(2/5)

Tuberculumdentalg(inc. finger- 1 2 50(3/6) 100(4/4)

like projections)>1

Lateral Incisor

Crown shapepeg/rediced No 14(1/7)

Shovelling>1 2 83(5/6) 50(4/8)

Doubleshovelling-1 0 0(0/7) 14(1/7)

Interruption groove No 0(0/6)

Cingulumpit 1 0(0/6)

Tuberculumdentale(inc. finger- 67(4/6) 100(7/7) (6 x gd 5-to

like projections)>1 6)

Canine

Occlusakhapeound Yes 10(1/10)

Occlusamesiobucckbulge Slight 70(7/10)

Shovelling>1 1 100(5/5) 50(4/8)

Doubleshovelling>1 2 13(1/8) 60(6/10)

Buccabasaprominene No 29(2/7)

Tuberculumdentale>4 0 20(1/5) 78(719)

Linguallongitudinal ridge (tubercle Mesial 75(6/8) 3 mesial

extension)

Caninemesialridge >0 Yes 0(0/5) 0(0/8)

Distalaccessoryidge >0 3 100(2/2) 80(4/5)

Rootbuccalverticalcurvature Yes 25(1/4)

Figuresfor EarlyModern Afro-Asian(rounded)from Bailey[15]; Bantu,SanUnmarkedIrish[115,
*Irish (persondcommunicaton),

*Jacobsoifb4],

2Middleton Shaw[57],

*Recensub-Sahan East/SouthAfrican sample.

Numberwith trait overnumberin samplepr numberin samplejn brackets.

https://da.org/10.137 1§urnal.pon®200530.t011

Kenyan early
Holocene

0(0/3)

67(2/3)
50(1/2)
33(1/3)
33(1/3)
50(1/2)

40(2/5)
20(1/5)

40(2/5)

0(0/5)

0(0/5)

60(3/5) (gd 5-to
6)

50(3/6)
80(4/5)
17(1/6)
40(2/5)
17(1/6)
20(1/5)
100(6/6) 0 mesial

20(1/5)
80(4/5)

0(0/3)

Recent Bantu

4.5(178)
12.02(100)
23.2 (181)
1.7(177)
52.8(178)
40.0" (214)

8.1(86)
14.3 (322)

26%(9/34)
11.6(173)
4%(1/28)

27.3(172)(11.1"
gd5-t0 6)

9% (5/53)
67%(32/48)
30%(13/44)
43%(21/49)
144(7/51)
68¢(30/44)

91%(39/43)21
mesial

9.9(172)
>1,57.3(171)

7%(4/57)

Recent
San

16.7(90)
40.0 (80)

0.0(79)
66.3(80)

11.2(178)

38.6"
(109)

15.7(83)

44.3(79)

35.1(77)

>1,20.3
(69)

Relationship of Magubike teeth to comparative samples. TheMagubiketeethfit well
with recentsub-Saharateethandthe mid/late Pleistocensampldn not havingtraitsthat
only occuratalow level,suchaswinging,interruption groove andreducedateralincisor.In
addition, thereis the absencef high gradesf shovellinganddoubleshovellingn theincisors
andthe presencef only low gradef finger-like projectionsand labialconvexity Magubike
contrastswith the Pleistocensampleprimarily in the canine Sround occlusashapelackof
tuberculumdentaleat grade>4 andpresencef caninemesialridge Sandalsoin theinter-
ruption of the sagittalsulcusin thethird premolar(thoughthis lasttrait is alsorarein the
recentEast/SouthAfrican sample)ln thisrespectit isin betteraccordanceavith the Kenyan
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Table 12. Morphology comparative data, upper third and fourth premolars, percentage frequencies.

Right Third

Trait Premolar
-Magubike

Accessory No
marginalcuspx
M
Accessory No
marginalcuspx
D
Double 2
shovelligM
>1
Double 1
shovellig+D >1
Buccabasal No
prominence

Buccalaccessory Prominert
occlusatidge-M

Buccalaccessory Prominert
occlusatidge-D

Buccalessential | No
crestdivided

Sagittakulcus | Mesial
interrupted
(transverse

crest)

Numberof 1
roots> 1

Numberof roots
>1(San)

Numberof roots:
Alrish[116]

Right Third
Premolar-African
Mid / Late
Pleistocene

29(2/7)

17(1/6)

50(5/10)

40(4/10)
22(2/9)
43(317)
67(4/6)
0(0/6)

0(0/7)

78(7/9)

Right Third
Premolar-
Kenyan early
Holocene

20(2/10)

30(3/10)

40(4/10)

0(0/10)

60(6/10)
20(2/10)
30(3/10)
20(2/10)

20(2/10)0
mesial

100(4/4)

Right Third
Premolar-
Recent East/
South African

5(3/57)

11(6/57)

62(37/60)

3(2/59)
22(13/58)
15(8/55)
41(24/58)
23(14/60)

9(6/67)5 mesial

82.62(84)

20.0A(15)

Left Fourth
Premolar—
Magubike

No

[

No

Prominent

Mild

No

Mesial

1

Left Fourth
Premolar-African
Mid / Late
Pleistocene

25(2/8)

29(2/7)

60(6/10)

30(3/10)
9(1/11)
80(8/10)
44(4/9)
11(1/9)

56(5/9) 3 mesial

56(5/9)

2Middleton Shaw{57]. Numberin samplepr numberwith trait overnumberin samplejn bracketsM: Mesial;D: Distal.

https://da.org/10.1371durnal.pon®200530.t012

Left Fourth
Premolar—
Kenyan early
Holocene

20(2/10)

36(4/11)

11(1/9)

10(1/10)
45(5/11)
60(6/10)
55(6/11)
0(0/11)

33(4/12)2
mesial

40(2/5)

Left Fourth
Premolar—
Recent East/
South African

10(5/52)

19(10/52)

7(4/57)

14(8/57)
5(3/58)
53(30/57)
55(30/55)
14(8/59)

16(10/62)8
mesial

59.22(83)

earlyHolocenesampleput samplesizesaresmall. The presencef singlerootson the Magu-
bikethird premolarcontrastswith both the Pleistocenandthe earlyHolocenesamplesbhut
not with the Gwishosamplewheretwo of threeteetharesinglerooted.Therearecasesvhere
thereis acleardifferencebetweerthe Pleistocenand earlyHolocenesample®n the one
hand,andtherecentcomparativesample®n the other,andwherethe Magubiketeetharein
accordwith the earlierteeth:

i. Gradesoftuberculumdentaleaboves in lateralincisors(presentat Magubike)occurmore
frequentlyin both the Pleistocenandthe earlyHolocenesampleghanin therecentsam-
ples.n therecentsub-Saharakast/SouttAfrican sampleonly two of thirty-four teeth(6%)
haveatuberculumdentale> 4.

ii. Thisalsoapplieso thetaperedshapeof centralincisorswhere,in addition, eightof ten
Gwishocentralincisorsaretapered.

Thecingulumpit found on the Magubikelateralincisor only occurson one Gwishotooth,
andonetoothin therecentEast/SouthAfrican samplepf the materialstudied(though,in the
latter,sixteethhadcalculusor concretionobscuringthe site),but canbeararefeatureg.g.
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nonewerefoundin aNeolithic populationfrom Eatalhgyék in Turkey[46]. Theoccurrence
of grade2 doubleshovellingmesiallyon the third premolaranddistallyon the fourth premo-
lar at Magubike mirrors the occurrenceatesfor this trait found in the recentEast/SouttAfri-
cansampleOtherminor traits found at Magubike suchasconcaveshapeof premolarbuccal
cuspmarginsandanenamebridge(interruption) betweerthe sagittalsulcusandatriangular
grooveon apremolar,arefoundin both the Pleistocenandthe earlyHolocenesampless
wellasin therecentEast/SouttAfrican sample.

Themesialplacemenbf the caninelingual longitudinal ridge seerat Magubikeis common
in the mid/late Pleistocen@andrecentEast/SouttAfrican samplesandat Gwisho(2/3), but
doesnot occurin the KenyanearlyHolocenesampleInterruption of the sagittalsulcuss
morefrequentlyfoundin the fourth premolarthanin thethird in all threereferencesamples
in Table12,andwhenit occursit is oftenplacedmesially asat Magubike.

Thepronouncedbuccalverticalcurvatureof the canineroot found at Magubikeis seenn
earlyteeth, andNeandertha[22,47],but not in sample®f earlymodern

(Skh I andQafzeh)or EuropeanUpperPalaeolithic [48].In recent
teeth,the buccalsurfaces usuallystraightor hasamild curvature[49]. Thefewcanineroots
that couldbeobservedn the KenyanearlyHolocenesampleandthetwo in the Gwishosam-
ple,arestraight,andin the mid/late Pleistocensampleonly the BrokenHill caninehassimilar
curvatureto that of the Magubikecanine However four instancesverefound in therecent
sub-Saharaiast/SouttAfrican samplg(7%).Similarly,theincompleteroot of the Magubike
lateralincisor haspronouncedbuccalverticalcurvaturein contrastto the moreevenlytapered
form of recentteeth[50]. A lateralincisor of this form occursatthe KlasiesRiverMain site
[51] andin oneof four in the Gwishosampleputin justoneout of seventy-fiven therecent
East/SouttAfrican sample.

Middle Pleistocene traits. Bermfdezde Castro[52] identified certaintraitsfound in mid-
dle Pleistocenéominin teeth S mesiobuccabulgeviewedocclusally ) in
theupperthird premolar;buccalcingulumon upper(andlower) caninesand premolarssec-
ondarycrenulationandfissuration(wrinkling) of posteriorteeth.In the mid/late Pleistocene
samplehesdraitsareonly foundin certain / archaic teeth
andsomeAterianteeth.Theydo not occurin the KenyanearlyHoloceneor Gwishosamples
studiedor at Magubike.

1. Premolarasymmetry(viewedocclusally) ).
Themesiobuccabulgeof the upperthird premolar,alsoseenn some speci-
mens[23], occursat Sakandat EyasiHigham . [42] observedhistrait in samples
from Skh | and Qafzeh(25%)and EuropearUpper Palaeolithiq8%),but not in recent
Europearteeth.

2. Cingulum (horizontalenamekhelfon buccal/linguakurface).
Cingulaon uppercaninesand premolarsdescribedyy Briggs[52] asvestige®f cingulain
theform of buccalandlingual swellingsat the baseof the crown,arefound at Rabatand
Mugharetel "Aliya.

3. Premolarwrinkling (multiple additionalor distortedocclusatidges).
Occlusalvrinkling of upperpremolarsoccursat Rabat Of the laterteeth,premolarwrin-
kling alsooccursatthe Holocenesiteof Wadi Halfa.

Possible San affinities. AsstatedaboveScottand Turner [20] subdividethe sub-Saharan
complexof morphologicaltraitsinto WestAfrica, SouthAfrica and San Of thesethreesub-
complexesanumberof characteristicin the MagubiketeethsuggespossibleSanaffinities:
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mild shovellingof theincisors the taperedshapeof the buccalsurface®f the centralincisors,
theround premolariformocclusakhapeof the canineandthe presenc®f amesialcanine
ridge,andthe singlerootedthird premolar.None of thesearespecificto Santhoughtheytend
to bemorecommonin Santhanin othersub-SaharaAfricans.Of the traits for which figures
arepublishedfor recentgroups(Tables9 and 10or asstated):

i. upperincisorshovellingfor anylevelof expressiorin the centralincisorthe Sansample
hasat44.2%approximatelthreetimesthe percentageateof Bantu(15.4%)53]. Semi
(grade2) shovellingandaboven lateralincisorsoccursin 38.6%of the Sansampleagainst
14.3%of Bantu

ii. caninemesialridge:occursin 35.1%of the Sansampleagains®.9%for Bantuand 12%for
SouthAfrican excludingSan[20].

iii. singlerootedupperthird premolarsin Santhesearethe norm at80%againstL7.4%n
Bantuand 37%for SouthAfrican excludingSan[20].

Oranje[54] describedBushmaruppercentralincisorsasbeingfan shapedi.e.tapered)
givinganincreasen mesiodistaliameterfrom theenamelevelto the cutting edgeHe also
referredto the uppercanineasnot beingpegshapedbut insteadresemblinghe premolar.
Galloway[55] alsodescribe®ushmarupperincisorsasbeingType2 (tapered)jn contrastto
the Bantuincisor,whichis usuallyType3 (ovoid) [57] andrefersto the premolariformnature
of the uppercanineasbeingaspecialisedhanifestatiorof the Sandentition. Againstthis, the
caninedistalaccessoryidge atabovegradel, presentat Magubike occursatalowerfre-
quencyin San(20.3%}hanis foundin Bantu(57.3%).

In summary the Magubiketeethhavethe characteristicsypicalof African sub-Saharan

Holoceneteeth,but aspect®f the morphologyof the uppercanineandthird
premolarareatypicalfor the African mid/late Pleistocensample However this maybeat
leastpartly dueto its North African bias.Certaintraits present S e.g.the root shapeof the
lateralincisorand canine,andthe presencef acingulumpit on the lateralincisor Sare
rareor absenin the comparativesamplesTraits specificto / archaic

andAterianteetharenot presentDespitetheir largesize thereis somesug-
gestionof Sanaffinities,thoughthis interpretationmustbeverytentative beingbasedn a
singleindividual.

Measurements

Themeasurementsf the Magubiketeetharesummarisedn Table10,andreferencesor the
comparativesamplegTabless, 7 and 8) arepresentedn Tableb.

Crown measurements (Table 6). Fortheteethstudied thereis adifferencen size(crown
area)betweerthelarge $archaic teeth(e.g.ThomasQuar-
rieslll, SafpRabatJebelrhoud, BrokenHill, Lainyamok Wadi Dagadi&Eyasijandthe
North African Aterianteeth(Mugharetel "Aliya,Dar esSoltan,Smuggler'€ave)on theone
hand,andlaterNorth andsub-Sahara/frican teethon the other. The Magu-
biketeethclearlybelongto the secondyroup (Fig 13). ThecentralandlateralMagubikeinci-
sorsarelargecomparedo contemporaryandlatermaterial, but the crownareasandcrown
indicesof the canineand premolarsall lie within the rangesof valuesof the smallsampleof
sub-Saharaiiddle StoneAge teeth.Thecrowndimensionsof all the Magubike
teethfit in the widerangeof valuefoundin therecentBantusampleThesizerelationship
betweerthetwo premolarsvariesin differentsamplesind specimensgut generallythethird
premolaris alittle largerthanthefourth asit is at Magubike.
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ull ul2 ucC uP3 UP4
Group A Max 76 110 105 105
Group A Min 68 81 79 79
Magubike 75 58 71 70 69
Group B Max 71 60 89 87 81
Group B Min 49 35 47 52 54
120
100
80 —g—Group A Max
=== Group A Min
60 .
=== Magubike
40 == Group B Max
=3ie=Group B Min
20
0 T T T T 1
ull ui2 ucC uP3 UP4

Fig 13. Crown area comparisons, Group A: African H. heidelbergensis, archaic H. sapiens, Aterian. Group B:sub-
SahararMiddle StoneAgeto mid Holocene.

https://doi.org/10.371/journal pne.020053@013

Thecrownindex (shapeYigure of the Magubikecentralincisorsvariesin its relationshipto
themeansof African samplesn the secondgroupdescribecabovethoughthat of the canine
is higherthanall the samplemeansn this groupandthoseof the lateralincisorandboth pre-
molars(with oneexception)arelower.Again,however all the Magubikecrownindicesfit in
therangeof valuefoundin therecentBantusample.

Crown height (Table 7). Teethincludedin Table7, otherthanthosemarked">", have
minimal wear.In the comparativedata,the crown heightsof the Rabatand Aterian Mugharet
el"Aliyateethareparticularlylargeandthoseof the SanBushmenrarenotablysmall.The
Magubikefourth premolarcrown heightis smallcomparedo other material,andthelargedif-
ferencan crown heightbetweerthe Magubikethird andfourth premolarss only seenin the

specimensindat Rabat(all greater) The Magubikethird premolarandcanine
crown heightsareintermediatecomparedo other , andthecrownheightsof the
incisorsarelarge consideringthe levelof wear,whichis equivalento alikely lossof crown
heightof atleast2 mm (thelevelof wearon the Rabatand Magubikelateralincisorsbeing
similar).

Root length (Table 8). Theactual/estimatedlagubikeroot lengthsarelongcomparedo
otheranatomicallymodernmaterial(otherthan Skh 1) listedin Table8, beingaboveor top of
range,n particularthoseof the premolarswhich arelongerthanin all the other
samplesThe Rabatand SeaHarvestpremolarrootsaresimilarly long comparedo more
recentAfrican material,aboverangefor all samplegxcepBantu.lncisorsfrom anLSAskele-
ton, indirectly datedat 11+16ka,from the nearbyMlambalasrocksheltethaveparticularly
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Fig 14. Images of non-masticatory scratches on the labial surface of left central incisor obtained using the Alicona 3D Infinite Focus microscope. White triangles
indicatenonmasticatoy scratchesanda, b, ¢ showfeaturesonsistenwith incisionsmadeby a stonetool edgea, internal micro-striations;b, Hertzianconest,
shouldereffect(micro-striaionsalongoneor both edge®f theincision).

https://da.org/10.137 1durnal.pon®200530.g04

longrootstoob17.1mm and17.8mm for centralandlateralincisorsrespectively58]. The
estimatedequallengthsof the Magubikecentralandlateralincisorroots,andthe greater
lengthof thefourth premolarroot comparedo thethird, isreflectedn the meansof therecent
African samples.
In summary the crown area®f the Magubiketeethimply thattheyarenot

/ archaic . Theteetharenotablefor the largesizeof theincisor crowns,the
low crown heightof the fourth premolar the differencein crown heightbetweerthethird and
fourth premolarsandthelongroots,particularlyof the premolars.

Surface scratches

Thethreeincisorsaremarkedon the labialcrown by scratchesnuch coarsethan microwear
striations,noneof which havebeenobservedn their lingual crown. Thesescratchesremuch
longerandwider thanwould havebeenproducedduring mastication sotheyaredefinedas
non-masticatory(Fig 11B;[52,59£65]).The non-masticatoryscratche®bservean the Magu-
bikeincisorsarecharacterizedhy microscopicfeaturesonsistentith incisionsmadeby a
stonetool edge(Fig 14Aand 14B):internal andlateralmicro-striations,Hertzianconesanda
“shouldereffectalongoneor both edge§26+27,59+6066+70].Theleft centralincisoris the
more markedby thesecoarseiscratchesnainly concentratedn the centralandlateralpart of
its labialface.Theright centralincisorandtheright lateralincisor presenffewerscratches,
scatteredhroughthe centralandlateralportions of the labialfaceof the teeth(Fig 15Aand
15B).

Non-masticatorystriationshavebeenpreviouslyreportedin somefossilhomininsfrom
middle andlatePleistocensitessuchasBoxgrove UK [65], Mauer,Germany[61], Atapuerca
SimadelosHuesosand CovaNegra,Spain[55, 71], KrapinaandVindija, Croatia[27,71] and
otherNeanderthal§131]aswell asin recentpopulationg64, 73]. Partlymatchingthe deep
scratchesccurringon the buccalsurface®f the Magubikeincisors,Grine . [74] andHen-
shilwood . [42] describeaserief deepshort,sub-parallektriaerunning transverselpn
thelabialsurfaceof an upperdeciduouscentralincisor from BlombosCave(SouthAfrica),
whicharecomparablén termsof width (12+24 m) to thescratchesbservedn Neanderthal
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Fig 15. A. Composit of SEMimagesusinga LEO1455\P scanningelectronmicroscopeof theright lateralincisor (RLI), theright centralincisor (RCI) andtheleft
centralincisor (LCI). B. Outline drawingsshowingmasticatoryscratchesn thelabialsurfaceof RLI, RClandLCl.

https://de.org/10.137 14urnal.pon®200530.g0&

incisors,but dissimilarin beingpredominantlyhorizontalratherthanobliqueandbeingmost
numerousin the cervicalhalf of the labialsurfaceThesescratchefiavebeengenerallyinter-
pretedasante-mortemcut-marksproducedby stonetoolsusedto cut food and/or other mate-
rialsheldbetweerthe jaws.Thetoolsmayhaveoccasionallypenetratedhe materialcausing
the scratchingof theteeth.Scratchesn the Magubiketeetharecharacterisethy awide distri-
bution acrossmuch of thelabialsurfaceand overlappingrelationshipswhich suggesthat use
of the front teethastoolsincludedregularlyrepeatedactivitiesundertakerthroughoutthe life
of theindividual.
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Theorientationof scratchesn incisorshasoftenbeenassociatedith handednesf28,52,
72+73,75]. Striationson the Magubikeincisorsarepredominantlyright oblique,with higher
valuedor horizontalstriationson the left centralandtheright lateralincisors(no statistical
differencehasbeenobservedetweerthethreeteeth(Figs14and15). The@right-oblique®ori-
entationhasbeenmore frequentlyobservedn fossilspecimenén otherstudiesandhasbeen
interpretedasevidenceof right handednesf?8,52,72]. The predominantdright-oblique®ori-
entationfor the Magubikeincisors,more obviousfor thetwo centralincisors,maysuggesa
right-handedtool usercutting obliquely.Neverthelesghe limited numberof scratchesind
theheavy erosivedamageof the enameldo not allowfor adefinitive association
of thesescratchesvith handedness.

Concluding remarks

Thediscoveryof MSAteethat MagubikewasunexpectedHuman skeletalemainsarerarein
both MSA andPleistocenéaterStoneAge(LSA)contextsn EastAfrica[58, 76], while Holo-
ceneLSAonesaremorecommon.In earlierliterature,EastAfrican Holoceneskeletatemains
aredescribedcascomingfrom individualswho weretall andlinear, while SouthAfrican ones
aregenerallysmall[76+77].Smallbodiedindividualsrecoveredrom EastAfrican LSAsites
haveoften beendescribedashaving®Khoisanoidaffinities®,implying anassumeaonnection
with the smallbodiedpeopleof SouthAfrica, including the San[75]. Therearealsostill people
in northern Tanzaniaodaywhoseanguageareoftenrelatedto Khoisan(the Hadzabeand
Sandawe)mplying somepossiblgpastconnectionswith southernAfrican peopleg78].

A fragmentaryhumanskeletonvasexcavatedrom alatePleistocené SAcontextat Mlam-
balasirockshelteiin 2010 not far from Magubike[58, 76]. Twenty-sixof the teethof this indi-
vidualwererecoveredalongwith numerousfragmentarypostcraniaklementsThe boneshad
no collagensocouldnot bedirectly dated but associatedhaterial(onecharcoasampletwo

snailshellsandtwo ostricheggshelbeadshavebeenradiocarbondatedbetween
approximatelyl1,000and 16,000/earsago[76]. Sawchuk'$58] analysif this skeleton
emphasizeds smallbodysizeand smallteeth(the crown dimensionsof which are,with one
exceptionwithin or belowthe rangesf valuefor lengthandbreadthgivenby Drennan[79]
for SanBushmen)in light of debatesiboutpossibleSanaffinitiesof EastAfrican individuals.
Shealsonotedthatit did fit the generapatternsof bodysizedocumentedn otherstudiesof
EastAfrican LSAremains But, sincemostof thesebelongto the Holocenetherecouldbea
differentpatternin Pleistocenéndividuals[58, 76].
ThessixMagubiketeetharedifferentiatedfrom African archaic $

andAterianteethin termsof sizeandthe lackof morphologicalraitsthat could
beassociatewvith thesegroups.Theyarealsodifferentiatedfrom the KenyanearlyHolocene
and Gwishosamplesndmorerecentteethin termsof therelativesizeof theincisors theinci-
sorcrown heightstherelativecrown heightsof the two premolarsandthelong premolar
roots.However the morphologicalevidencas contradictory,principally in relationto the
caninehavingtraitsthatarerare or absenin the African mid/late Pleistocensamplethough
this maybepartly dueto the smallsizeof this sampleandits North African bias.

Theseaeethareimportant becausef therarity of EastAfrican MSA humanteethcombined
with their relativelyminimal wear.Theyall comefrom the upperjawandrepresenan MNI of
asingleindividual. Whencomparedo thosefrom other African (and non-African) samples,
theyrevealelationshipgo earlymodern . Thisis consistentwith aminimum
ageof atleast45,000/earsold andtheir MSA archaeologicatontext. Theteetharealsosignifi-
cantin showinggreatersignsof San-liketraitsthan mostother MSA-associatethaterials.
Givenrecentgenomicstudiessuggestingmuch greatettime depthfor Sangenetidineages
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[129+130]suchtraits maybeindicativeof deepconnectionsn time, but morefossildataare
clearlyrequired.Magubikeis thefirst sitein southernTanzaniahat hasproducedalong MSA
sequencassociatetvith organicmaterialgsnailshellsmammalboneandostricheggshell
beads)letalonehumanremains.Theincisorsshowevidenceof cultural modificationrelated
to the useof the mouth asathird hand.Testpit 3,the unit from whichthe hominin teeth
derive,containsarecentdepositbelowwhichis 1.6metresof sedimentwith MSA artifacts.
Threeostricheggshelbeador beadpreformsfrom the MSA levelsof testpit 12 (adjacento
testpit 3) dateto betweer81,000/earsBPandthe effectiveradiocarbonlimit of 50,000/ears
ago[14]. Thesecomefrom betweerb0and100cm belowthe surface Thelithic assemblage
from testpit 3includesLevalloigpointsandfurther excavation# thevicinity revealassem-
blageghat couldbelongto the earlyMSA.However the presencef latePleistocendeadsas
wellasthe shellradiocarbondatedeadto the conservativeonclusionthatthe depositfrom
whichtheteethderiveis atleast45,000/earsold. The possibilitythatthe teetharefrom the
lateMSA s supportedoy their possibleSanattributes featuresvhich areasyetonly recog-
nisedfrom thelateMSA andearlyLSA(e.g.BorderCave) Furtherexcavationgt Magubike
andatrelatedsitesin Iringa [80, 81] shouldhelpclarify the statusof theseMSA teethand will
perhapgprovideotherfossilhumanmaterial.
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