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Figur.11. Dcoo!*Etion otendo.st rctummic dti
m{ior n.rhod, sins w*er disph..mei. a Endoe*
h sobmeigeJ i! ! llrge b*k{ frl.d b tlt qLlnow ou.
let, ,nd rh! dcph<d uit$ is .rptu(d i! r bsks of
known w*ht. Br Thc bek{ holding dre dnphed qrr
is wigh.d, giving ihc wcight/volun ofrfi. tnd4d

wcigh it in wtei Th. dif.an.c siould b. the vollnd

A.dEtc and reliabl. mexrurmsns rqun. no.-
pomus .ndoca$ mrtends, .lexn glassu{., clem
(pr.rcnHy dnt cd) wt.a xnd x..uor bahncs md
wight.I! is ilwys diresing ro Mrh bubbles dis.
due ro iopropd or inconplere .oatlng oi the morc
poious F.nions of th. erdocst, but .uch ar the drn,
ges inhe4nt in Pat.on.uolog.

PARTIAL BR^IN ENDocAsT VoLUME5
Ii is ofrei thc case ihn the avalhble .ranial ponions
m roo ;icomplete b .Iow r rtlirble bhl acon$nc
tion of the hissing prs, xs rhe missing pRft saed
whrt n prsit, Tobias ,nd Hughd Gcc, in prticultr,
Tobis, 1991) tun into tAis problem whcn anemptinA

to lird rhe ..do.nni.l tulume olOH 7, rnd HdlMy
(1972) had similt poblcms in aftemptins ro 6nd tot,1
cndNnnirl voluda fo! thc M,trprnsgr speiEcns
of theMLDl o..ipitalponion,ndihe56 19conial
broe portio'. In thsc sibrtions on. ries ro xs.eftin
vhrt pere.hge of rhc tord rclume is rtprcs.ied in
! poftion ofrn c.do.!$. In doing thG wnh a wiety
oftua, one hop.r ro rivc at a perc..hge 6g!rt thr
n fairl) tighdy disribubd. Tobirs's (1991) dt.usions
cgrrdi.g the bipri.r bnncl olol-I 7 povide x de-
bilcd de{dption ol he this done. (W tunh h ad4
P.flkak.llt, trat htu wJal uarA flrl/ tr dahz ;n thi
aa, bdt k t?a,t tb aaoihbk dat brr:ld4rtuE dn
@wi: ,11 k nardt.ttti, 6tinak:.)

ENDOCAST VOLUME RELIABILITY
In the Volure md M(hod sedion of exch hq in
this volume k give our Gsc$m.ni ofrhe rcLxbilitI ofr
given endo.st volunc. Tfic reliability is smrtd r.cod
inE to nethod (letd d$isnation) rnd ou .lduxrion of
thc sim volune (ilhcncd d4kmtion). Th. endo
ca* volums gikn hdc rft obhined lir on. of lour
ndhods: (1) difd sxqdisplacem.ni of.irhd x full or
! hcmiendocx$ sirh minifri disbfrion rnd plsticenc
4ondruction, (2)det trination using , pdi.l.ndo-
.a* as dcdibed by Tobir 0967, 1971) rnd Holloqy
(1970), (3) *ensiv. plcti.cnc Econsdction rn.o.!
ing to harorthe tord .ndoc6t, and (4) volune cdd-
hed liom rcgre$ion fornula or c*inrted on rhe b6i!
of a fs measuftm.nG, whi.h rre rhen plqg.d into
lorqdas *ch thr olferd by MacKnnor *.r. (1956):

rl = J10.5(LtrB + LWl! )l

H{e I is mdlnln lcngth, ,/ is uidrh, , n tngth
tiom bftsmr b dr pGtuior limit olihe cr.bellum, ,9
n the height lrom tfic scfrq to the de.pe$ prt ot th.
tcmponl lob., bd/ n rhc tun spe.itic .o.6cnnq
xreaes to paviously publishcd wlus rhxr nxve eiticr
hen .on6rned by us or, in etuin cases, not. In
xddition to b\e endo.a* ncthod sores, erdr .ndoca*
n soEd nunen.ary ro indi$r our asssfenr of rhc
dj$ility oi the given vol!tu. Thc* rlirbillry vJu6
m.nluated on a s.le of1 to 3 wheE 1 i.dicxks thc
higLci ftlirbilrt 2 dD fic giren rclune is gtneelt
alirblc, and 3 thd tl]. giren rclume hs low dirbility

Bx,rtr Enoocesr Voluuss By FoRMULA
Ar uitb rny physn.l objcct, th.a RE reldionships bc
Mcn the rclume xnd thc linc{ me,$rnen$ rhat
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sd"tsuolrtrjo uoDrumE:p arm} u: eIIr or F9
an p'uh qinoutr rpr ord ro! op .{tdus irui^orsrp

rser!iq\t$ 
''/'!,tu 

uutula ro )tutu,ru e,qt'
4qupy qpuu 

'nrq4r'lpv 
rk,bd t,&,q8,tux

':1tuqrqt 
"./aqtu,Ftt"s 

sN was sptrg r!-r sr iureu
rrg sV r,!r,/, ,. uo{ hrDusd u, ,pup 

Vrr{ t
or t uo5 !.uor$rdoFrsnD .qr uol $uor uornl
oD Jrlou sqr uo aurrq ourph arqib rql

rt'F9
,{rnu u:rq i^!q,!ers snu s$ood IEN:' iqr ,rzB
uruiq u' iriDur u? s, pros I$oJ :r| Jo srinn* :rfl
uo! $:urh uD.{ rrJlp r.L{rou:qd pure or.u
rqr rqr rq nFrlttr s, 1r :trqa puv {rE* loql'u oI
or 9 rst rqr u'qrh priras ltqE,tdd rou .poFd
ru! uo5 rurudoF^rp kuolnrdrjo s,!'r Fnph'p
u eo Drl {rl srdr ruap rNqr i.qu:ur or r1!

idur ethp sr r, !r ahoH rsllllo8 pur $zuidurp
rnrF Jo loqr or nlur rD{ffius rra ld,qsuorq
r Fruorplrdntu rsor rosnrrdqq rd} ur uo{

uonnto r .qr :!!nP Prnrtro eSuz
snu:r1 lalrt prqbtrqns eqr r8 n::o bqr ur'ta.$q.
r@d ta'!B'! D!r{ .qrjo qtrnu rnoqs &rii'p aor{

rouurtr : \'(,{liuunr r rJ r wd .z-r s.rqBl 
-t 

stqq
pur !tru i:qv ,'trtiu !,uuq :rI Jo uoDszrurrid Jo
$posd: r|h (pqqn'pDru, ro) prrrdsarur !r*D

-psa srur Dr|o pip4.nrrund sru! r, 1n!l r$oE
nro€ rqr !tj,.tJ

Nornlong crvsol/4l

s8zslr oj \ r1N1c rnns .s \rruuN:l orNrnntl
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Iigure 1,10, Bnin

S* 505 boin volune Gdtei thr 550 nl) n hq.r
rbxn no*.hinFxnz.es, but ir wodd b. r.xson,!l. ro
exped thxt th. Stu 505 body sia ws .lso gr.xEi W.
.m quibble xb.ut these rbelute md rchnve &ain sizs,
but lhe frjor point $ens cl.rly provrd: ihe hominid
bnin u.dffinr ftorgmizrtion befor n unddw.nr
any ndor expansion in size.

As fturc 1,10 shos, *ly honinid bmin voluns
m nosdy $ ic dnoughout rhe .rcluriomry life sFxn
fon th. Hxdr specinens ihrcugh rhe Plocenc gkile
South Atican speimens G.s., Truns), .rthoush ibe
hns pobxbly shsvs r slght non€lloneti. incftase
in bnir sia wer the .did Al 1-14 condition. Mor
spe.imens qil be n.esRry io denonsr,E ihis. In
duded in this rppmnt shsis ofbnl. size is th. o.e
inomplete bmin endo.a* Rvsihble ld 2. trrti, rt.on
stucted b 450 ml. The robu* ,ustalopithecines, r
side bnnch .ot le?ding or contibur\nlb rJE Hama
line, rc clearly lRrg{ bnined rh.n ten 2. .tianu!
cousinq but this intreN rns lik ly an allonetric o.e
rlatd to r lq.r bodr size. This shsis vB perhrps
some *o nilion )€aB in duntion, during whi.h it is
like$ but as }tt nnprwed, that our anestal s,,,lin
cascus bcsinning to bnnch offro n.nner,4. rlrnana

or ,r. s.r,, fro* lilcl thc lafrcr, sivcn thc tomaining
d.nbl lid coiiJ @idcn.c (AsFaw ct !., 1999). Tn
mtu* au$olopithecine rcpaened * Swdtkais b'
sK 1585 (Hollowqt 1972t) shos { clcr lcfr o&ipiEl
lsrnmci, and a pu.Leriig in thc po*dor o.cipiEl
lobe, su8g.sring x ftduction of primry visu cod
This .rn hrdly b. rxk n ,s prooE hNft( ?.lh.F
rhe .*[e$ ,9 fu lin. hld hn]ns not only lcldjng 6
x dnn ic size in.rta. hut .lso showing rhc ps.l-
i.l pnrtrns sseided widr h. h,nd.dnes rnd ,ls
.ercbnl henisptu;c +e.i:liz{io n . ycr rh. ,4 boiai
forms, su.h xs oH 5, Konso, or KNM-ER 406, do
not rppetr 6 show such cletr armddricr. Nor do tI!
edier Wst L.le Tukam sp.cim..s unmbiguoDdy
indnlk .irher enlrgtd or ffirgbized bnins. W. tcn-
r iv.! asrt. rvith r.lker.l. {2000)ihlr 

'hel.,y';arBprcfonbl lob. rppes les poinr.d rhrn in edlis
rusE:lopnheci.e sp..imens, bur \l lso belicv. rh.t
caurio. is neces.rybecrus rht f.rtu is quire frirblc
een lat Prn bdglalth\ nd 2 ?d,,Jra. Thet Brcci!
cap regions do not rpper humm like on th. specineG
cuftndy rmilxble. This $$ss rhrt wirh i.ftsinA
rdrpttio.s to nird envisnnens, md r gndu.l de$
iccation of aore$s, mtor,l $lectio. frvorcd x &,i.
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Otbtr lo$il honinids, su.h as KNM ERtgt3 and
1305, m fonklt puzzti.a, lid pshaps cD bd licy.d
as idv,.ced rusfr lopithecin$.rrs*mpt.sof rnini
adaptive rxdixrion oaedy t4,, lbninids. Whilc it n
comnoo ro vj$ KNM ER 1313 as simpty r f.mrte
KNM ER 1470 (Srin$r 1986i Wotpofi 199e), w
hd thrt rbe d.snc ol dinoiphism oa br,ln hlumc
(51G-752 nl) lid brai. endo.in horphology doe6 not
support ihe sul!]csiion rh* rhey nc th. sne speci.s.
KNM ER 1305 n a puticullly diiiculi sp..inen b
ft(. we \ould h! more wili ig ,o (nrctuin rhe fK
ulatiw poiibilir rh Ki\i\l-IF t305 rnd KNM-ER
1313 aE sdu:lly dimolphic form. oai di$eftnr qnv
tara (ondvh@d ausrdopithein.) Iine, at lest tu;
thc vies?oi.r .f bmin votunc, ,rtnougn th. edo.n
nial norphologics m quiE dilTcrnr (Hotowry, 1973,

la ths. concbsions, dnwn fon tlle p,ts.edo
log,cil rnd ortrd crrnial ,.d po$.nniRl evide..e, rc
corcd, mo* ofrhe im[Frhnr fto4.nizationd chxn$s
wcE .omptete by bce.en 1.5 and 2.0 MYA. Ir n.r,
h! fh tunher !h!ng.s 6ofi 

'n 
!.trbBl ir mned 

-jBrcc?s :nd Wtrnrktsrsion..rnd oAcrc.rcbrJ, aE
bclhr G.e Wcrver 2001), and submiicil rcgions such a5
rhclimbicslstent ol< place, bur sid. Fom thc ftftbel-
Iun, w. cannot dekd ttuse Rith our nrcscnt n thods.

This lerB us rh a s.sidcnblc hiatos in EuoDc
in l4T prtr berl* rhe Atrpumr dnd Dm,.isi ei-
docs$ ?re noi 

'tr 
d.srihed (sid. fbo stimries of

bnin rclume). It ds.laves us uirh tfic Ncrndetrh.ts
(xs rcprcsented xt lecr in We*ein EurF) shdinE
eddgcd cmniRl c,px.nis ind no evid.n.. oicerebi:l
pnnitirncs, *c.pr in th. ph+ephdi. shape oarhe
cnni!. Mos enphrticdlr, w *e .o digcrcnes i. rhe
noehol%yofrbe pdontal ponion ofthc fDnin bbe,
r inding ongrenr uirh tlE morphon.ric an,lFis of
aookein d .r. (1999). While the Nandcnhrts nishr
bxve bccn a sepmt sr.cies (in dre sns! oa. mor
phGpecics rnd .ot 

' 
biological spcies ii rhe modtrn

'Mryrixn' scnse), we do not se how eirhd the b.
tBviorrl orundntyinanruDtogrcJ morphotogrJ eM-

Weprefcrto agrd Nerndftluts s sepme fDm mod,
si 1444.4rt'r tr oity ih( subspai6. t.vd (Houonn
lqSi,hutof our,e rnrnopen ro mort lonnncinge_
id.n..onthisnsu..The160i000Ft atdHcfto Hono
rlr,,i?ar, cmnir (whire ct al., 2003) wix cBntu,ry
yield endocmnirl rcnxlns thr ft e$m6:lly th. sm;
as in fr.dctn Harn nlnE G.E , size, rsynndi.i lD
br pxtrns, and perh'ps neninge,l v.$.t,

B!tsa!,roRAL DnAM jcs
wtit. mu.h hI brtn Gtrd isl mrd. of lhe n
quitum-,t .utrrJ Jd\:n\!r beginniia r lhr u
p.r I{c i,thn Nirh 'rue ro,r Jalt,H!.h s b
tool rndnioBj c?flings, pdictsl rtj jes.ln rvi
cnd rcLgr s rite, le.g, *c l(jfln, 1q90, Kl.n
E+q 2002, md severil p1Pcs in clw,2002
reBrd d tuDLdJnsmtr5 r fic mo,r Ike]yeryt?n:d
lorrhserdqn(. Dfief ihh norotogi. /b.hrqo

.baq€s in cognitive crprciries b&d on r single or nol-

.pre muhrions or rhe rcquisnion oa n$r.t hodurt
r,.e., Du!hnn. *i1., 2001 I trF, rhouah, ihsdi
po$ible tAd dmncs i. oft undcrtR.di.g of thc gF
netic eLielb thRi relft ro bfrin dev€lopn.nt ni&
illumimr h@ the hunan biain wotkd ar rhis lfu
Ge. Pieu$ ct a1., 2003). Thc findinss ofrxxbo (20031
shouing frgread gc.eti. di{crences in bnin gcnomic
mdi.1for1taru thm chinpanzce, derly su8ge*tlE
natofll sl.*ion h.s optrri.d on rhe nflrogendiG
bumao brtn cvolution. If one think xbour rhe difr+
.nc6 in .ulhnl b.havior ton rh. iime oi srn Edis
to the pfts.i with the u$ of.ohp[r6 rnd ou &FF
dcnce oo npid *chR.g.s ofinlomation, Sxtilirs and
thc likq one should b. r litd. slcptic.l about unddlF
ing muhrions subseni.s cosnitivc abitries ihxt .oi;
nicnd] spnnginto b.ing $me 50,000ltas ,go. We b-
li.E thrt w have rmained thc same spaGs, rnd @
perhaps the smc specis 150.000 to 200,000 y.!s t-
I6E ihat. Ifoie wcE to only thint oftbe no'pdiJEtt
rcmrins (i.e., sbne tools) of lhc Ausralim Aloridna
vc muld $il bc hrvi.s ditiol9, undNmdii; di
.ompldity ol ihc; soci.l sruoural slrftms. Wou]d
not ou gr*-g4ndfnheB, in&.d, grndfrrh.6, t
maz.d rhe obvious difertnccs in int.Istozl, n.
edal, and spinbd liacgles rhrt fiavc .evotwd" F@
rhcnlfetincs ro ouFwithout rnyenpiic'ldemonsd-
don ofBen rn (uhiions u.ddlyinF su.h belxvioG?

Th. erli.* pirses of honinid si*ena d. p*
ti.ularly open ro .pcculative enbodc.y. lui when dl
is s.id rnd don , n Bmrins rh. sonc tool i.dusris
or ftditio.s rhr can inforn us thc mos rboN h6
ninid cognitiE abilities. This docs nor me,. rhxi E
dnqard rchaslogi.al conrdb such as the frun c
nains, home brses, rhe evid.rc. (or hck olit) for tiG
inponrtion owr long dishn.es of stones used ii n.t-
ing &ols, de iahing cmsses, or c{n crnnibdiso.
Holloway (1967, 1969, 1931) sugg.stld thr so'e root
mrkng rnd lmgu!!. mighrhrt hJd 

'm'tr.oBn,b€uid(p'nnings, prfndrlj iadr sbn! rcot! jhohtd
.l.d dden.e ofshndTdization offd.m 6om clem..6
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behrvioa ora h.ightcned thresbold torvitfiinlroup rg-
gft$ion, p€rnining Bnups to liv. noE dcnscly Rith
moa .oopentiR behrvior as bener potccrion again$
both pEd.tor rnd otiq lrcminid goup5. Concomi
bndy, homonil hrg€t tissu. chrng5 allccEd gbfrh
nfts {lonsd dumtiom of srffih and pblons.d &-
pend.ng) po$ib! uith sfrc illomctic in.e* in
bnin srcnh thrt wouu navc tcci rcflectcd in sLgndy
hishcr EQ ihrn in aFjs. Th.n bipcd'ilnn no$ pbtd-
blr allowcd for gllatd dn!!s ofconicl'c dicGiq and
c+lo tion, lnd th& |roljng sophisiiotion about ob-
jcss .nd $atid (latio.ships qs prohlbly insnmen-
bl in sdcaion lor ! (htvc d!.tion in ?vC md r
(hdvc c{ansion ofpo$dior Friebl lobe. E*.nsion
of loastlt rnd menory wodd obviously hrre been
adqntlgcous, fd .pp.! b s b be msc..r in tl1cs
hominids g.(n rhcn snc*fid bddd prcaront l lobes
r.d dpxnd.d hnposl lobes.

Lakr runi.lopnheci.es pnbxbly s.r usi.g tools
bur wer noi slbwing cltr shndrdizrtion oflorm ei-
thd in 6eir cnoia ofrmls or then nmnfrce, the
.r!*t evidena lor $one rmls gDing b.ck to ,pprd
imdely 2.6 IIYA. Il so.i,l communicatory skills uge
3€1td thn sdge rhrn wh* ve vitn $ in dd.i
chirprnz.s, rhis muld nor likly have been ssoci
ried uirh soci,l aFect rnd contol than with hunting

Ldn art Aom Rrtt Hano {actus ?brn, ,-fta
tuiry m"eld.tb af tuEN I ad th| d.uk?no' dhb
aua'aP.ni.s;.h.rutndndn b'nt lit ,n brul
a"nmti6, it hdks RrcMi M?,qia6 afthr t .fnntul
ntua ad bdh allandtn and 

','.ttorni 
iN66 aJ

ttuin @|uft, uith atkdiry inw ia EQ.
TXk sbsc iocludd clabo.ltion rd Ngmcibtion

of ttu changer in so.i.l beidvior hentioied ii $rge 1,
More importrnn ir invohd 1 gowing dcpcndcnc. on
sociil .oh$ion, .@p.r!ioi, lid sd{ol. ofplenen-
hrion in dl eononi. hs!5 i.volving b*in.i.g lr-
gl1ge bGed on albitdy s]nbols, however !;ni6v.,
rnd ihe hanuFa.bring of sbn. tools to *md.idized
pntens $it[ cLr oSrnive asmirdons beMen.M-
ftrni tools rnd hskr. Biped,l lo.onotion ]A f y
hudm. The bnin *pmded in sik bot[ absolniely
md rthrively, rtn.ding dor l]ordoml{rgeFdsu.
inr.sdio.s in the nodtrn hunm &.crion. Ths.
.hrqrs l.d ro furL\ei rductio.s in siz dimorphisr
b.tue. dr sdes with x posible incrclse i. seon&ry
sm.l diddpl]isn, pl]siolo3ic,nt, mrtanic,I]. md

b.hamRll) The. ,n tum p.e,lcd ,h. br.n rd
serns poshrn dcp{ndu.) ;nd hmins.incrc6i
ig. t(Mrd prtunhon, ind ,hc i4r{d dudiion
.h'ldhood to *"u! mdurJ SduJ krninaor
maLng hunhng, rdllcr ig,tu(ngrig,rnd rcp
nve stnllis 

-e( 
il1 in r posinve fe.dbrk sls

bcsccn culbril conFldity rnd bnln eiftJg.m
but.ily r. ,ht drn, rhr br . ob{.ri.J .onsmi
wca iot trorhcd. As Holexy noEd in this

L!igttrs.bdruorbnm morqmns! &r op.d
@sini{ bchrior ofrmqc ncrl} humr ryF
oped, *heft lxnguge xnd idl mrkirg m$ lilm

rco t,itorca n ,h. +rsr. rnJ rinsrisr hid pd
inponxie ii nxiMining so.ixl.ohsion rtrd.ondd

ing indr*d rnd th.r ms rorc {(ss ji nr&ig
rnd huniins lq€! samc Th?rc wa' a rlcdion ror ir
Gsld bodr siz., bip.dll lgiljlr aid prdi.riv. xbilirid
ro' moE suasstul hunri's (o€roioc th. 6r[ food qd
in lhich rcmq and cbildici dr idpddnr bndibF
tun). The {.irl b.hxvioin cnrngs o in.d in ses6

siscni hudiiig rid lor piot.dod ofr nor $dF hln
bs. |o! f!o,]$ and Fu!g. {ho wE Plwiding smdk

samc ud ycsdiblcs. Thl "iritid kj*" dr "huhr *
olurion' n nLly d Ntrd l..ds b slg. 3.

Cnukg Nhbltatkn aJurrrul :Ailt basd tui,, d
laaglqa airy tuitrury t-b,l :r5knt ard d.nhfi,t
t b a ryh an n Eo kE f a : n i! | fadna& E b t i a n'bil bei M
b.h@i. l e,flniry and b.ain eah.gnr"i; al:a n,tir-
liry r6a.Mk k t.ai,?kri 4!nn4&t ad tdi-
, f b, n :p, i o t ad ;n fo. ! nrc t 2 t i t, a {bat, a n d, o,ioldt

stos.3 n $ 
'nA 

w b.tifla fiarab,inn {Naa-
,.dral. It *.ms to us unlilcly thli nrjor.hr8€ i!
po$mbl dep.nde.cy6ne, g.$nion, prtuitio., orG
podutiE age oc.ucd du;ng thn sbgei hving b.6
for tlll ho* pd .onpl.bd in iJ.lui. ,qoza 

'al;d(,.l. dl/?/r?a{a;) bd pft-Ner.dcrthllen tid*, 6
$en ar Lx$ in We$tr. Euopm N.rddth,ls ofrh.
'tlssic' sod. We :lso believ. tl] it wa r shge du;rg
slnch in a$.d Lr.inA Nodd lrNe ben *ftn ly
inporhnt ,nd u.dtr frn\' stingenr soci,r conMl,
as cultu.l conplexities wft o(udng in noft com-
plex md stinDlating mrtd,l rnd soci.l envi6nnen6.
Tne mjor neunlogic.r drmgs wrt piobrbLy ni.d



l1tt u:rNrq rlru:rteslP rP \ .qr u 5 Pneq'u'
rq plnoqs 9351 )ts to lPos ruTutrd.Pu, 'rFrqnd
uI rP,umoq s:q!o lsropulqr Jo lSotoqdrou
pur s.unto^ rqr qroq Jo IPD5 rurPu.drPu .trnotr
u: pForts IFJ nro puD (H-u) sn Jo euo u$N.q

suqrP.qI sPru .q pFotr r.qr $
ro lsroprr :tqssod PUE tPug m8J uroErrd istru
3qr lo uoruru iu urs rou }rtl r |uurq P.qu$
eP i6I !S qrk Prrmo$ uorrod hFtr FloP tql

'35 !S uo ,rPas !$rg Jo dFiaatrP trq] .urlPun
* truDlqrrdoFnsm UDBY qrnos.qr Suouv

Ipnr DqxnJ rJ $rtrr r,utd pui
stsot rD rDopu: or 'otrqr uo +oa or nuucrp .!oql
ro qr$ot rFJo e9n\r u, soqr Sul5.norurJo .doq:qr
u 

^spq 
urD uoru:o tra pu? lq8noDqr :q o rdu$.

no r srsNrnt SunF.uos rDqr rqr !!ru! rrJ .qI
,{pDs nrluryJo Il]rrm s !tr,fqo :sqr prr.tr rqtu
srqnsr nqro rr$ rooq s:uoq r
'p$prt prprus lpFlduor $,{F!r'rgns u$q aiq

ro! s, iFruriod 
Br FNr 

rsrrrPlt tqrjo IF tu9!r1
orronrs ag orra srsvrooNg

'rq (rE r?l]1 !P tuu4qtuJ 4nut
lnJrtrpuoa irrgc inojo Fnpdd PU' rurEosu, r91
$ ,(tucu.r pu? '&alll.d ,ttuoqqo^r hojo rnri Pui
Dnpod trqr $oq ! uruq upuD{ r,ll uoslttddtqrJo
qtrnu urtdF Ilqrgorl lrr stu"liqqitiu suoD4nu
renFs a.J r uo lutluidiP uo!!r u' atl D rou Pur
,pro erxl lollu D'i {q$od su dop:p nEuoq

-nto^. Su.IPuw-tuot e s! rourqrq ucun'l rl!1 hrNo'l
!n rqhu.r lroP q.crPu: ro lPrus no \sruuru'q

Jo rDrd tu, lrd { rptsuotr * sqnqDr piohr!:q
lqld !^4i9a ro 'itd'uun'j 5runP luos iuoDrPlr

plp uoq?.xrdd? iqrqn 
'uq"u 

loor ruoF't$dd!t
u.$ard luoqoudot 

lep:drq 
!8uuoll]r sE rPff 3!oq

-.rdipr prour,lr,l pi'urduorr reqr eturqr lBrsotoi
-niu ras rtl tu4rrulr+ 4t sr|']ru:bgns r ipqs
Ir$ Jo a4runL 3'qr ! i:uoP rou rs qqroPu!
rlrruor lrohEqrq:nqr prs Frraolo$ u.Dllp lr]rh
*Ddo !i^r)!drqr $r!rd l4:F:jsorDsnuJo suoqEt

fru.r nm! Nll PUt 
lldrum Jorou fuE luoqu.u

q' u' osP !'q sdrrtsuoDqr Pr.Frtsolnsm u:guEq: r
itduE rou spltr uflldnorodo:ot u.Susqr v sun
mu ptrBoFnr I (l:qr pp ru) .rrrdo uE: s!.u
oduor rsrlrjo :!oN rtsntq ro br:lqo 3!r,6rr

'd'l' uornrd Jo ruru:lgr :r| uolouorot pp:drq
r 9r !P'L'uo,j rqr Jo qu:loduotr PiSotoq&ou
rrlro d' ,rtuiqr Auh.UoJ r|td toolBqr Suqr.us

$nf pu tur uoqnpr prrrdort i'a D:d$ Frrrr rnr
joou, u? ur4 sr[|t 3Bq u'rq uEunq:qrlo uolqon:
.qr Iqr lriEd rlrql u' {o'ls or Podu4s r sq .l

isprrr0oq
!o$u 5z ruoc Jo rohE,i:'] PUr sur4 r'{r rn$au
pw .lrsqo or cn Jo rdo, Jo :!o rj4 rr flnoa SuoI
eq tu'{r.u iuq r 

'}k 
ur3 suuq rno ntDrrd

u, Pui 
.uo{nlod 

P'uruoq :'txi:P nr ra lFsottr aorl

Jo ruiu$*e rno ur 1qury :q ol DJ.id :a rnq ]I!q
o! ud{ i,tl@ uEr $Dlans q:nu rsr{ qqN+Bur
r' r' PUr't )uo trql uo rur?trP .I!I rr"u PFo{
(uoldun$r no iuE ur :rr:Jrp .pNru8ro ,o rrpro
sv i96r00.0 D,r00m0 0 sr p+rEs arq *rEqr flft0
,!Fu'uog t$$odJo :tulrrd :!I $sB:opua 00I
Jordursr rj tra lutrsB ruoDrtnrp: mo Irqdun ol
rnfiFaldr !dq trqr 

^sq 
rnoqs tu

!$tr p'urroPuiJo ducs lEPiu:eld ino r h€ sq
rrqr\ 3pruru.q pnpb,pu! 000.000 9u:q o rno sruol
d.liDuit id sno, 0o9 su q srolrDur' 00o os iruo
1!'lrjruudp pr!l r^e'j ptnod sp'rpNpur IIBU doq i(rn

t! tqqbptr ,{F r !e lrFs o) snr,{ 00o omJ Nd
Ir Jo rnno: r']r Dro 'uds Puoor.u:8 luu turnp
sFos tu,trnfddr oos ro rzu (rM) looqndod Frussl
&!koi r pri lxJ OZ .{Es lo llds uo!u:!rs I ruB
{ .1 1!4 rtdus t s rt fauq lllleurPoE$ os s.

Pod InsoJ ino rrqr rd$E ollnrgrp,{tnlD@d s,
r' rnsoP ioj rs.P IrN! s.Puru usunq :qr ur

rn,{ro spuusnoqrjo
3 uJ ,:jds u'qrra.pnsNrn4, rn't Fnps9 rou llqz
qdd r:a s:AuErttr Fiodua $qI T:ds or os 5nsou

:qr uqrh $'Esoujo astl$od :qr rno rlnr rou oP #
!'q lnonuquor,ttiruJ se eSus .srqr PrEaJ ostD ] 

^ !r PUr rSrnAUEI trqo'tuls fliJ Jo $tsrr )lI] or rDnb:

P ss{ uruiq :qr ro.J:'] luoonloDr, r'qrlorFd lddo
ur sE prtx or n.ddB Iusu nqa ssaurh ol prq ro
lqr Pft 4qrsod !, Pn r&nguq :pNu ru$. FUo!
utru :Fur E ir8as 

Plqr sllP r r!
:q oq { srnftrlar no qrd ar'ssrp IFsrdp 1,!\

Jrytn .{n rnoqrk 1{ntrDsnqd rFrnr/Iuoq Jo $ot r
uo px?q asEJ$p rDruonr !r s P:untop rq 

^trns $ou ptnod sql {366t ft:qruu:Fr iq prF:Fsns $
'pon:d :uD s.Iepor or trqrlorFd lddn rqr roj trzs
uBq ontosqE rno u x?rrrP n?os pur Fnpsar Prmtr
:o rrlr urla Pasr5:ns rq rqSru rsos lrnoJ v

'8uqBu toor puu 5trurp 5u6 sr qrns r u:udoF^rp
rrsDr pu? ltun9nq luapp Fnuu ur rutrullo
ur rn:qrD s II sr.loDrFpor (unrms) Fp,u
Bndur$ pn'$Dunoss lororsosus u tmq pau
x$or Ip$$ qr to ruamugr pur ]zs Jo srsemu,

tLz



292 l lof rNrn [^uoL,\brs:  SurL CrNrR,\ ] ,  Norrs

et.r. (2000) rnd HanMy {1972h), xnd Hotmy d at.
(2000) r8lding irs volune.

Whne ,I ofrhe .onsid.ndons abovc apply to 6oth
ft.ln xnd Erhiopim ender$, we brlicre re hare
d.{dbed mcr oftl].n, a hrs lobi6(1991). On tn.
other hmd, hominids such xs KNM-ER 406, KlM
DR ,107, snd KNM ER 732 should be r-sndicd Gnd
rc cRst), si.e RLHS origin.r ..do.xss wec lcft in
N3iDbi md hxve lonA sinc. d.idionkd. Tfic dcscrip
tions in this volume re bxsed on pla$i. ap1i.a6 ofoftcn
poor qu.lity KNM ER 406 is 6lLd sitl] *rcmethad
mrrix md req*es nuch non study tlrolgfi nodqn
$.nninA dhni,tues, $ n is very u,JiLely rhn tic ma
di\ cin .K b. rmor€dwnhout seiioudy dmrgjngthc
originRl cnnium. Ammiak rclune esdnxe woutl

N.wr frnds, such a &4,2,rtry,/25!A, and
othcr fmgnens llon Loneh,i, shodd rield, rl@ugn
mod*n scmning techniqu*, r good oppoftuniq td
lind an amnte rclume, pdionrly in lieu ofwhir!
{2003) asAsment ofpossible disbnion to rh. holot?.,
(NM-WT 4m00. NatorsII acent diKoveiies such *
A-rin,Srkladb"ala rd,4tdi?ithauw yit]lj6.rh
alumcdc and morphologic,l fertufts thri wil rscr
in undcisfrftling ihe e ier phases ofhominid baln
cvolution. To our cuftnt und4$rnding, the angnenG
ofticsc cnnia are bo incompl.r b provide such in-
fom.tio!, tut thc future alwys holds prcmis.l

Thc carlicn ,9,,a spccimcns from Tmzmir (OH
7, 12, 13, 16, md 24) aF paniculrly in nced of
fu.hd study, huilding on Tobirss scholsrly rftrdse
(1991). Tllc dngiids tfrr RLH nad. in th. edly
1970s hrv. su.ly dGiftgEtcd, and the plR*ic Eplics
i. his mU..tjon .( ofpoor quality. Similuly KNM
ER 1470 and KNM-ER 1590 should 6. rcst rnd i.-
d.pend..dy studicd, p.d.ul'ly uith re8:d to pehl
i.l asymd.dy pan{ns and thc po$ibili9 oa csebml
hemispheri. spc.i.liation, rs w.ll s the Arcc,t crp
ftgion. Th. fomd is ofltcy ifrpofr?ne q:rding ques
tiors rbour bral. r.dSanizatioi in thc Hona lirc. h
de€d, L\e safe rypls to KNM-ER 1305 and yNM
ER 1313. Th.* Mo endod* ponions arc pdioLiy
di6c'ni to xsign sirh my 6onomi. closur. given iheir
u.usu.r norpholos,, drfiou8h @ stmd conEdeni re
grding ou volnm. derminations, whcthd thcy m
h! .rly ,v ,, or xdunc.d au$nlopith.cines.

The Dnanisi speinens of 1.8 MYA ar cxtEnelt
inpotunt, both sith rcsped to .c.uoe rclunes rnd
po$ible norphologi..l ftrtu$. Wc look fonysrd b
rerding studi.s on th.t pd.on.trologi..l inform?rion.

Fron ou omhrion ofrhc lrous phobgnphs
these specirens, se @ ccaijn tfi* rhey crn be s
endmst, xnd would be *iling to do s.

As fd rs s. m xu!., thc Abpucrca uni.6.d
sp,i. (4 bd J) hxv. ynldcd .cune volums, ul
then norpholqic,l .hdcernti.. ar. undd study tt
Arsu,gst rem. Our xft.mF6 rog.in infoh.rion ahd
ihese po$ible endossb hrv. nottc.n mswcFd. Cid
rbe psspcc d[i theit inr.rna] hblc6 ofbon. ar. pe.
iadlypeefl ed, rbe p.l.on.uologi$t lppcriEs snou|ll
inded be rvheftcd. Ths. rprcscnr ! najor hiitus in
ourundeBrndinAof possible N.anddthi an@snf rnd
the EuroP.an honinids i. g.ndd.

The Steinheim honi.id (Gemanl) n )d anoinc
hiatus in ihe donai. of p.Loncurolo8ical .tudy.41.
thouAh an rccure rclune d.r{minlnon vil pbbrblt
rsulifrom nffr srnni.g ddccs bd a*omtiw tcd-
niques, n is prelenble ro hrve rn r.tud cndod* oflil-
icon nbb{ b p,lprE. lnd.rd, .En x dGro.cd r6id
k pFLftd to noihing, which is ou.uftnt sibdiod
Similar connens cm be nxd. foi rhe wu-pc*md
P.talona (Crece) and Cepnno (Ir,ly) sp{in.ns. Nl
of th!* rrc inpotunt lor x bdr.r unde6unding of
Europ.an honinid erclution md th.ir vrirbilitti

N.wr Indon.si,n 6nds such xs sn a Grb. ( .l-
20031 !rc inpofrnt rdditions to or incrcxsing sropL
oflndonsian sp.cim.ns of,!.,,,, raaJ, which ro d.E
sfi@ litlc in th. q) ofeithtr votln ric d mo.pha
logi.ri iidion, in aolutio..ry pornti3l]y int Gting
ft1..t ofthc crclution ofthe genus,9,,,, md OOA (out
of Aliict and MRE (nultiftgion l .volurion) con@
wdes. Wc E Ery lotun.te to hrE hrd th. oppor
tu.i9 to de{iibc Sm 3, th. Polo}! honi.id ofNYC

S.enl Cbinese honinid mnir (rside tom rnt
olddZh.uloudimdtcowriesorigin,Il.rnedJ't,-
44dF,i,;4J,r, sch a Lr irn, Mrbr, Yudim 2,
Nxnjin8, Hsim, Snandons, Dali, mdJi.niusbxn, hlE
nar ben endo.r* to our knwledge, a.d r f.w mxy hc
pdd.'nrry dieicolt b cndocar giren then n,gm.n-
hry md derofred .ondition. HopeirB ths. *ill b.
rdd.d to our pdconcurol%ical srmple in ihe frrtuft.

Fin lly k notc tfirt theE m sftr.l inpo mt
gaps i. ou $udies ofNRndsthal endocilb. I. pdic-

'na 
rhe lolih Se.op.*orc hominid cs.i,l ponioG

.ould be .ndo.6t, &LCing €ry inpotunt rclunedi.
md morpiolqi..l ddils b thc abundrntm.dovtrsid
okr rhes. honinid!. FuntumoE the Middl. ENh
Ncrnd.trh.ls ofrie Mount Camel and Shanidd crG
hrE nor b.en 

"udied 
by us given pDblems of ,Ns
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NorEs FoR APPENDX 1
Th. cndociinial voluncs ror rhis hblc te li*ed by d
ononic gtuup as oftndy dpi.sed in thc liemtuB
dd @ngd rlphrhetic,Iy sirlin bqd gcognphic
rcgion6. Our u$ ofihese m i. this Trbt iloes noi
n.u that * conor sith rI ofihBe &signatiom.

Wher tllc'sourc'indicrE m "RlH" th.t mems
rhe c.do.nnid eprcities wd .irher dd.min.d b),
RLH or published RLH rs i. HoIMy, RL. 2m0.
Bnin. In: E. Delson, L TrneNll, J. vr Couvsnns,
md AS Broob lEdn. Encyclop.dia ol Hul@ Eve
lurionndPEhietory, 2d ldidon.NY: Cr :nd Publ.,
Inc. pfs. 141 1,49. lf tbe "Some' is 'OTHER", th.
wlmcs etoftd reE st n nof thc r.ent lit.ft
M $ found in ou Bibli%mphll md nostl), Gom

Ruq CB, Iflnlius. !.. md Hol,d,y, Tw ta97
ns.nd enc.ph.liation in A&ban. Hond
137171 17b lsupplm.nhry Drr) Th. SM
SM.l voluhss c Eom Baba ,,t 2003. Hom
cJv;um fmm fie Plei{Nne or}q sci

W. hac ddd.d b povide r choiolo3lol
e.h.n.t nnDl volum. to pftmir ftgrtsing
ni.r votuie €:jn* tim.. The mgc ofMYA! 6.
of rh. honiiidr e too yi& to r(ept mFrila
middl.vdua, hJ wc hope lh* fie.e dxi6 wili
noft rc.ult s ns dating dhniques beo@
rbk Mn! ng, npafrflltr E:nymdo(triJ
for th. Mrbd (Chin2) cnnium. we m'nd rd
citation rlvh.rc in th. lihbE thrt w h1E
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30.1 Sr.\ r rsrrL \  
^N.\Lysr5 

o.  ENoocr iN

Pmvid.d hftin @ thc initirl b*ic $ni6tics for .I tl]e
hominid endodo;al snptes re dscibed in this bool
Tlcse sfrtisris.rn b{ amnsed dijld.nrg 6utwe.hos
thcse rrious combiiltions b(ru$, by ftlying o' oF
snsual Nononi. plr.n ns, w wdc .ble to incnxse
sanpl. siz6 wiihin tdr, In addition b nch Rnd $m-
&d dryiRrion, w include ninimm lnd muinun
Drucs, the coeficGnr ofwirtion (cv), sk Mes, md
Lunosis. iaw rs.nc thr al honinid populationi en,
do.nni:l capriries N.a bsically ofr nomal c.u$irn
.1or, the sdo.g ddrions Eon $cn nornsliry
might ,ignsl clues r8ldins sanplins md tdononic

Ior @mplq pop'nrtiom uirh v.ry hrg. or very
srdl CVs (i.e., depding *ongly cnher ky Gom
xbout 10%l suss*t .lurion is rdvisbL. Thc CV for
I a/zzaa of16.1% su8gc.s a f.nltdinorpfiic smple,
or r.ombimtion ofm. Wc beli.re tn. 6mz! ro he
th. qsc de.piE ihe r.ant Andirys oaReno d.l. (2003)
rcg,rding nodem l/,'o,lile lmrt dinorPhiso ofth.
femonl h.ad in r arz,i. On the orhd fiand. tlr
CVs fot "d\ Hona dkht e 76.296, and 14.996 for
erly,9,z,, bccause these sxnpl.s ontrh n'ntip,c m
nthd thb stungsmst difiorphism in..doconi, cr
Prit} HlW4 y. m rot ddfrins th* cvs dnD
morpholosy, onb. rhd th.t night haE a se i' $nri:
rr.s us ro qustion rhe brsis for ttrc hid or tow vducs.
MoE smpling uill ofmuse esolE these qne$ions.
Sinntty [,. 1@ Cys fot 1. rob,nL|/A. baii ptob^-
bly sign.l r .onbination oflow smDlc siz md bi6 in

6otn dncdrr' hd merhodotogi!:l 6su3 whm
shcnngii\ompt!F endodiB. s,mJrty rhe dri
row cvs ror rhc Nsmdons (soto) and lt ,,t
&,n groupr sugg.$ eiths smplng or ftco's
bias,*h.rtsti A. afri..nu Nna H batin gnq
Cvs thdm bo( in fine sith exTeddions ror.dt
ninid sm,l dimorphism md poFdldon ruidioL
b.li4. th. srm..ppli.s to }I ditu witlrcut tt
H tudatEatn, Md H. sorEna.

Mosdy non our findings, bd iicluding d'e
srcml other woikc6, on th. ,l1:md.tion oa
n,rl.apKibe5.!( popon m rmg. .ndo.trin
petr/ lat H. e?t4 a.nddldla'' tnzr s lNe
rhat tbr nodtrn,9ozr gl;,r oatl]. Uppcr Pleis
Th. addition of No shaljsh (npim (3 md 6)
ieff, le$ ibrn 1275 nn, both psb,lly Gmar6,
.bary€ ou birs rcgarding rhe ald p:lemttuopo
'.hnhuf lhtr Nemdcfthal hsd bdi ii {gcr L5r

'rM, 
As the noddn ,qara srmpL is Mqusrio

nosdy male, rhis supporition Equn* hoF

Sim'lrlj lhe,k sia6 and laro's 6g!16 u
rppoxinat du. ro impdfect srmpling or cl6di
of d: ln g.neral. *Jus gr. e' or 16rr rhm +
skn l signidcant deprtEs. W! do nar suAse* myr
ofrbes. sotistics to ddehinc .ither thc con 6d
wrcngn. $ ofbs I n $ic6l these 6gus ror s
rnd kfrGt apped ta b. sugg.sinA oveFdl
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