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on the dned fo$il ddence, which loDsns ol hni.
s;e, lobar prtdis, shapr lnd morpfiomdric an Fei
rd *lindries, r. erh ol th* rri!b16 6as some
.orehd.n ;rh b.luvior:l wiaton.

We do nor neh r. imply tAxr ft do!. h!rc madr
tnis renpr. We sbnd on rhe sho'ndes of oihc6,
.mely Cnfton Elioi Snill, W. E. LeGJos C1!L.
Raorn rndJ. Anrhoni Raynond Drq G. H. S.I+e(,
A;e.s Krppds, TiIy Edin8d, Mrjorie LeMan
Vdonlkr Kochekda, HiJry Jdison, C. R. Comollrl
Innz Weidetreich, Phiillp V Tobias, Ler Radinslgl
Deh l,I{. md Willlwelker, and ft m indebred to
ihe ddvs ofhominid semhes who [m tr]<.n ih. Fo-
litic,l isk md sufe€d the hostG elemeo6 nr lheir
smhes b prdide the skelerd dn.oEis ih have
aentu,ry led b rhe produ.tion ol the bnin endocs6
thr$ve studt. This \olume is .drii!, nor fe ofspeG
ulition, but m hxvc ticd b t:me ou spedlrtions on
thc basG olm rmdgm ofcurerr neurc{ience rnd ihe
fosil rccod. We have not discovcEd xny Ben$ for lan
guage, rgmmeties, or ftduction of Brodnrn.t mr
17! nor do w. knw what thc dkribftion ol ox:tr.in
re.?b6 wre lik. in tft thalamus ot Hana l)abih.We
do not knowwhndrdc orpDduccd smal dimopbnm
in bEin sizc, ?nd ve cannot dcEd shally dimorphic
ncural nuclei or 6td hc6 in our tiloiarcl%isl
E.ord. lndc.d, *e ..n only eu6s a. to thc *nal i&n
nti$ ofmotr ofour fo$il cnni'il Enains. We havc not
dtcovrrcd or uncovcrcd any module, in the honinid
bnin thlt wc cM plug inb dtr EEA In tifrc, vith thc
autu{ unnvcliigofDNA md the s€rco.hemicd tsp
cnics ofrhc prorins th.y hclp poduc., w. nignt ha@ a
bdter picru( ofthc mol(ulr chogs rhit undsrlis our
mort Soss nduruxn.ronicat vdi.!ioo. Inicad, shitw
lind ptus.ndl, in our Fr.oicuologicll em.in, aie the
vrixr.s of size, ov.el] mo4)6ologl. syoncriri F-
gion,l differencs in gyii md srnri, rnd Eiatiotu in
menin8fll pxncms. Wr ulc th6. @ of.r spe.ulitions
rbouitheirinerel*ednes md.volurlon rhowh imc,
md *en h* we ofd feeL on sh.ly groud.

Fi..Iy,ye hxve not $udied r]ts C.ontuologic.l
ftndns ro adwna an) pturllrnd imnomic viNpoini
We do .ot Egard the gmeric md specG. nms uscd
1br fo$il honhids I nessdily wit in $on., rnd w.
re nor (nor do we nish to be) inv.lved in tdononi.
.onddesi$. Indeed, the ruthor hdividudly dlslire.
on the tdonomic REdniiies ofnml ofthe spe.inens
Fesented in rhisvolume. To rhrt end, it is ronh notl.g,
ou$ide the Bmer.l t*, the lrrcmny thr.ve gener:lly
rdh{e to i. this rclume. We use a contrflnive {in dr

$ne ofmosdy comensal) classGcation whse re F
asnturte.pe.is 4brt^n, .lri't6 gnri athkPnr,
,rA16 rnd ,a;, of the g.nus?atukpitluu \e{liu
slccics do si( but w hr€ no endou.i?l remrim
of thcm as rt). The lar thhs w nisn b become in
rclrcd in aE \plifteFlump{" conrdeFie' lfve use
r\ee,n zinjatua.o?$ a, P",arthn?,r, it k in the hope
oadr$inglnhins tncm aron orl{ norpn: Wc beli*
n\at hini rd:ptirc Edirlions mrc Ploblblc in tic e{
!e* ph6$ of hobinid dolutioD. In rdditioD rc bc
leve ihxr edrytive ndixrions qde 1*s fequent vithin
lhe genus t za end ft beli*e tfid t[e .pe.ies,,
blti\ qetu\ tuayqa' mt q?a @e tu sPcci.s.
we rtEta H 

"ry 
1 . It. h;,t"1b"ry",;, tnd H ..t

andi s no* Frob$lt strbspsli. or 'n id' di!n6
of Eada t{tu, rndwe rtWd H n.and{firt L\n ts 

^sitlin{Fe.ns vriDr .f lr,u a Jalrai wc hn tiat
rhesries Edno( I6rgive us. Wiih nor fosil m-
di,ls xnd nor studl ir is .d,iJ y posible il]r wlDt
rve .dl erly I7 ,,rra s 4n*enred by OH ?, OH 13,
OH 16, OH 24, md OH 62, uii1tun outo be sinpLy
non idvRn.ed rusd,lopnhe.ines. Indeed, s this Prtj:
rce is being rvritten, a nsvly announced di$ove4 E n
Old$Ri Colge (Blunenshine er,1.,2003) susgesb rb1t
OII 7 md the new OH 65 m rhe sne rsoi, thns
brinsins into qucsrion the smcrig .r Hrno tuht!ft"-
rs as a tdo.. Tne Kent desigmtion of the Dndlsi
Oorgim 6nds is ,q,r, S?,g,ru seens pre.ipitous ro
us, but wc haw not sccn thc rosils nor hrd rcc*s b
th.n.ndocmnixl Em,ins. Wc cm snc rhe srne foi
thc Ahpumr mdi.ls in Sprin, lnoM xs }1 r, ,,
ecs,i Wc notc that \Vhitc ind hn coleryues nrE
l.bded tne Middlc Awsh homi.ids o1160 K ycds rso

^s 
Hono $fit: idrhr, rt\c)zncr\e.rd mcxning'eldq"

thus suggcsring th* i6vN thc erL*t nenbtr l1,r,
J,ltJ tut quie N$ihly ofi ditrcrcnt $bspccics thm
our oh lt'u, J,?t'Jj,?;d (whitc ct al., 2003). we
6nd thi. whol\' icrttfrblc. In sum, iawc m ir k on th.
sido ofresdiding both gcnda and 9cci.s hbcls b vcry
dndnahorphologiB, dnd acce ing.ub6Fci6clabcls
for whit rtra' s havc becn eithd brccdins ielrtcs
o! potuhdons wnh sohc desrc. oachronolosicrl rnd

Wboba. tbt I,rs tnpuni rhnan'bi?' .frl /n!
]iah;riti, @ tgnnl a.h af ti. mda':b w tnr ntd
;?a6 rt?nxhn gad /ia;tg, b...thin& ?lk.tingnun'r
ot,?tthuhn" ;h,! t;lthtt @;tb snn;u t.in6 ad
.hrrh,i *t! nhit". dtben nat identnat, ta av aun.'fna
skeleul xnd cndocFniil romains didnt cone our dfthc
deposiA wxviig labcls, aid n n up b us, tfie .ocial
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FLBUTT L Tr i !  l i , !E"f ,h.  LnLlrndhain.

of ihe lxte Len Rrdinslq (e.9., rvl2. ly75, ind
1979) {hose premrtut d. h robbcd pddoneurclog,v,
plihxtolo8y, ini rnihr.pology of an .nrt ntly skjll.d
yorler rnd vRlucd ouexgue Addn,ond sourcs that
crrfriie the hibry ofl]:l.onnrclogl .xn be aound
inHi^. er(19a2), cotrnanv(1950), c"(he(1973),

Wh Datr Can Bnif, Endoc.*s Provider
Bcfdc \ve dis.us thc dxh imilablc ton endocass,
yhcther mtur:l or humxididq ir n D...sary to q

pbin exrdy whn is 6.i',g.st.  
cst of the bninr n n x .r$ madc of d'e in&rnRl h
b1e ol .nniil bon. I'r life, thrcc hyrts ot nsuc suF
rcund tM bmin (Fg ll). (1)rmmcdidtlri.t$insrhc
bdi is the phnatr,lnt enfold: ti. b i.ildPcnc
intes i.to thc s,lci .f the bnin. (2) S u rtoundins thc pia
nxkr b thc ddinoid tnsue, r fibrous hItr that holds
the ..r.6rosp'nJ flnid (CSF), vhnh rcs pdially r\
r shock absor6inr device to i6r surfre of thc bnin
xgxin$ dlcmal iisur6. (3) Sutuundi'rR the anchnoid
*sue is thc dcnsq ihicker and 6ush dtrnDit.r, rho\.
outer hlq xdhdcs t the intcm! hble ofcmnialhoic
Ii is th*c thrc. hves thit naEr y'.onsPiR" al] ins

the living bnin maL ng tr t tJ ly f;rhfd nnprsion oa
rll its g-vri and sul.i igiinn ih. in ri:l hble of.nnirl
bone Gg., *e s)mingroq 1916; C1Ik et.l., 1t35i
Clark, 1947; HiFchld, 19.12i ToLixs, 1991)

Some F,vri ard sul.i td, rnd do, nnpdnt themsclvs
tlnotrgh thsc insuci iid 1erv. trc.s or the intrn?l h
bb ofbonc, but thn n x higNy wixble, ind ?t prcscnt,
xn unexphincd ph.nomenon {e.9., see Wclkc4 1990i
lobhs, 1991r Conn.[y. 19j0).AswewiU$c, th.cndo
cr6oarhc Pli.tdne En.ile morphs aDm SouthAf.icr
shoy dhd h.r .o.volution ddiil than do ,ry,,,
cndoc6$ Anong ihe Alricrn ipes, C.r'l/, cndocrsts
.hovilmo* no.o.volurion.l ddiils in.ompsiFn n,
endo.ass ol D, ,,rl,rrh ln stn.nl Pnmary .dcl
such as thc Sylirn or lrtnl h*uie xt Prcscnt r .n_
do.a$s, but 6nc sordfl and trtia4 .onvolL'dors .t
the lrontal, Irtidd, xM tempord 

^atom !n'U. The Rolindic or Gnhr suhs, t6ouEh,
G nwc' trcsdn or homino !ndd.x$s,mo$likdvbe-
.asc ihc r .hmid tLsuc ud CSF lorn a cisdn (rc

.umu|tn,i)in drt ftgion. H.revea n is inaccurxi. ro
$y rhrt ,a gtd or{lciidnriniuponthc intchd ixble
ofcrini bonei nthci thc po.e$ G vtrhb!!. Indred,
as tu wiu see thnghoui dt lollo\ving dsdiprions,
$mc in!.trani $iul ddt s rc Ncxsion.q avrihbLe

THD DATA

E ocds piovide rn csnmdt of .nnirl rclufrd We
u$ally rtfd to cmnial qnunr s m,i,l .dld.ryi ,nd
this in &n provides an c*imte of x.tual bn;n s.ight
Bnin lcigh' xnd cnnirl .dpriiv m noti of cou$e,
idertilll Llr m oti.n rlsfdrd s PmctiQllv sJmonv
mous,.nni .apicigScing on the odd of rouRhll
1Os6 smrei th.n bnin flright. Cnnixl .+riry is

srQi(r he.ause it indudc the ntning6, CSf, md cm
nirl n.(s. Ann. wcrvd {ptrs. omm ) hxs d*eloPed
rn ilgoiirhm aor crlculxring bnin reighb fiom cmnial

Bnin volum. (in .c) = 13 57s +0 763e

i Cnni.l crP!.iry

Thi iormdl n bsedon a samll. of12 humm bdns,
md providtd xn ,(r squarcd.f0 99

'l'he crd'.l crprcis of t l i. e.do.as $ ustr-
.Iv mc.surtd by the icchnique ol rvats dndx..
m;nr. Th. displxftd wu tin be eiths n.ruftd

t
t
(

(
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reogsasFoPo
rql onrulr :rlr to rPsu, rF uotr Phoulr !tu lFtF
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Iigure ,1. Dcmo6mio' oa ,he lo.iior of dr luDne $L1ds (LS) in SN 505 (A), ?nd 14, ,,gro1l8 (B) Gcl]( =

(€rtex to th. dccpc$ pono" .f th. r.mpotul l.be),
and {idih olthc ccr$cllf Lbs. Orhft mexsucme's
are in.ludcd dcpcnding on $c d.gft of mmpkienss
ofthe cndo.6t. Somctin$ it n tosibl. r. merslrt
disftn.$ bcMcn tartilulr sul. lxndnrls nd ro
.omprre ti!* Md rhcn m.ndi',g ind.xs rirb those
lound on adurl bniis, fdr .rx,nfle, xs bese€,r dt
chimpanzccbrin rnd rhc Shv 505 . o.r$, ro scd
hin ti! rhtiv! pdsitui.frhr lunlte sulds, which
delimits ihc ritd.r.*.nt of dr primaryvisud sdirie
conq (PvCl da 17 orBodmnn (Fis.4l. con
nolly(1e50), K{,tl'.rkoh (1973), xndGrinxud Ilefl,:
(19e7) ofid iuneouslinermdx( me$nft menband

'ndcxc6 
in rhc; dN;priois ofendo.sb md bnlns

Anorhdnorl h.ldgl..l{prcrh hsbeen to $m
oplor rliliil dnrxi.$ fnn dr endocst surErc to r ho
molosN..ntr.l rcfern.e phft (e.8., going through
thc fn,ibl xid occipitul polet, using r wrieq oa
mulivri*r *xiisti.d te.hniqu*, to comprft sudrce
shlncs b.nna, tdx ome size h.s been .oftded
for (c s, Hollo*ry, 1973b). This te.hnique h$ ft
reicil dft d'd slrpe ofdr dmsition?l ftgion beMef,
Bndfrdns rrta 17 md poserior a$oriation coF
tci showrd rhe Do$ shape .hange. MoF re(nt\

,\'Ii.Leod et rl (2002) hi€ used comp(tcFimrging
redrni'tues to do the ene tbing (i.c., d.pict $!pc
chrngs or bmin endocst $rfa(s of pdicula' lossil
homi'rids ftom in irnge condguntion). Thc dcgc
ol diftreDfts crn then be color .odcd, shoving'hol
a.d told ' spo$ or regions. Unaotundcl)' th ii frcthod
Disasimponxntneuologi.?lreorgrniational chrnge6
dDi m mt dwrys rc{eced d shape.hangcq such as
the reduction of LlDdmann's arca 17, PVC.

ln iddition obsemtions on thc shapc oa pdi.'-
lr rgio.s car be nrade il, aor drmplc, r!$dins thc
Dundednss or la.k thcFol of rh. p'cfontJ loh*, or
wheth{ tbe thnd intuio! frcnhl lonv.luti.n, rhi.l,
indudes Bro.ai rrer, has a morc hum{i or ponuid-
like appemn.e. Do rbc .crcbnl hcmGphqcs oydhng
the ceFbeUr lobcs? Ticsc !hrnc(n*i.s, xid nxny
oth( .orsidcntioDE (gutc !n rpFd.ixtion of whxt
bnin endo.atr shaps p'o'nlq !d .xi lerd b use-
li'l hDotheses, bascd on acbal Drasurcndh. ln $n-
cnl, rhc divisions bctucr! the yxrious ceftbr:l lobs
(lrnkl, prri.hl, tcmpoel olcipitrl) rd id riurry
visibl. onbnin lndocanqsrvln t[!drtibdtionof CSr
and mcningcc so quutitxiiyt d$ifr rt.sof .ercbidsu-
li.c ftrs rc * hcf .nlr 4nrdimrions.
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tordly int(nrl io the sufi.e md rhus nor dctceblc on
rn cndo.a$. We re delighted ,hxr D. GnmNd Hent
hx shrrcdherknoqledgeoanrning.rl vfaionswith
trs !i rhisvohme, and ihat htr husbrnd hsprdidcd
su.h jinc illu*ntions of dr( pr(ens.

BroBD!^vrour SrcNrrrcANcr
oF BMIN ENDocAsTs

As na*i.n.d rbovc, bnin endocsG xie id ach
soufes of inform*ion about the sdcturt or tunction
nrB of rhe 6B; Aside from size ,nd .ome loUr cor
&u ions, su.h rs th! presence ind ph.emeftdfrhc
Iumie s'n.us, d! ihc rcgion oathe thnd inlerior ftuih1
.onvolurion $q:lly dcsignred s Brmrt m4 or dc,
gre* ofhennphdc .cEbnl symmeri.s, bain cndo
.Nb rcmain nrt tcnimont to what drt otrc-tivins
.erebnl xnd suli. ,cll corrcnG could do.

The hu,nM sF.rics sccns ro be prtic'nr\'fiun.d
ro mrftds otsize, vh&6c,ofrhc bnin ororhe. rnxron-
i.rlpars, md rhis Lr r vricq of resons. Fist, size
is som*hing rhxr ch 6t hcNtrcd, rnd mesurmenG
cin eirhtr be rcpk ed or tur lntoitivelylr rI xsune
tha he size .f somerhing hb sonc Elationship to i6
cficcivcnss ?|d power (is yr11 !s ns co{, netiboli-
qlly), ind thrt we cm in ds.ncc 6rd the imporhn.e
ofrhe entity disphyed in rhe troprq oasize vuiarion.
Our bmins R€ ttu.e to fotrr rincs lalgq rhan dros
or our close* rehtnq rhe clinpxozcc, whos brxin
in ntrn is roqhly thre rines xs uqc r thos of dr
ord world monkeys, su.h s mx.rqus and baboo$.
nr bqin sizc in thse spdes, w. q9d thc .oftla
tion, hovccr crude, {ith behxvior to b! scla evid..t
Wc rlso end b believe ih* orghs rhat qry in sia
rd lhar havc som. rclrtionship ro brhalior aollow a
Drwinnn ryolltrjond model lDderd, rh$ ; basical)
h@Etcndbvi.wourownbnininds,rhatourbni.s
b.dnc lrrgg and our lrger bnin siz* $rr s.le.ftd
aor xs *. crclvcd bc.rus we wer crpible.fnor.om
pl* md in$lligcnt bchrvioi We err iecognizc that
drtu hdd o bc .on$ninr on dris prxdign. lcst ir
tems of &, Faftn, namelt nehbolic !.is and par
turnion, *ih th! laftq having ro do \yirh ih. flzc ol
the inlxnt\ hcad rnd thc pclvic inlet rid ouilei ud thc
efi.ien.l.f li,pcdat locomotion The.vidricc lroinE
ro or exrly ftc{oF of 3 ro ,l IIYA hxving b n
sirs xound 100 ml and our .nni,l .xprni.$ bling
mund 1a00 hlit6c ini(mediate mrus for dr1]' md
liter Hr,, rft, in dn vis, thought b iedd $nc
mtur:l selecriv. i;ccs opcnting on bnin size rnd

inrelige.r lrhNjor corelrrd wnh it. O. th orhe
hxndi dr no( m icro cvolution?ry even6 in our bia;i
rvoluridn xrt lot tmsprent. Ther may w.ll hxk hccn
tnns !v[en n*qn1 sc]cction aivord trgd body siz(,
rnd dr bdi, duc to ns rlomdric rlxtionshi Mh
body size, in.ierscd !t a,r sledion n.ce$fily N-
ing on brhxvior Al$. sctcdon for nrresed body sir.
might hxv. cstrlrd ; incrcasd brain size, $ ihe M.

Thm m lrobl.hs in6sent in simply x(epting
pa$ bdn siz. xs rn indiaror of inGsing beluv-
ioml sophisdcdon in th! losil ftcod. If natuml se-
lection woiked ii rhe p6r to incrers our bnin siu,
isnt bnin size bdry.ls. bcins sl.cied aor (or asrin$)?
And ihercin lrys rh. tuh. .o to speak. The uixtion in
moder. humn bnii si2e. wfiih nnges i. yeight lron
900 io 2000 grms, n roughl), the sme rs rh€ 6rJ
cvolutionxry .hrnge in 6 in rjzc iom l,vul,rjtL-
.tr b us, which is rboft 1000 ml. onc oa the .rdi,
nrl lc$ons humm biolog1 hxs cGccd n that ruiriion
in modm bni| size hxs nd rigrifi(nft lbr nodem
6uman b.hivioi To beti*e orhcnanc n, simply put,
dncnminaring rnd ncisi. Th.conundrum we end up
wnh s how crn we dplai. rhr 

-.1utionrrypa{ 
iatheft

n oo signilicant behrvionl .ondLrion bcMen inteli
$n!c (hd4er d.rin.d) rnd our 6 in sizci Asuming
thn 3 lvlY sepRnt.s ouselvs fon Auttrlofrrttut,
1000 ml divided by 3 MY giv* x vuy ough e$imat.
oi 0.000333 ml pqlerqorxbout0.00666 mlp{ gen
eiti.n. lai gcnemtion is .,lcul*ed * 20 Ea6 lonF. Ii
simply dud* our imrgimiivr rbilit!6 ro belGve thli
.v.n lhmsc of 1 ro 10 nl codd hrvc any c&ct on
behvio.Wcc?nnoreven mesurtwhxr0.00666 mloa
bixii insuc might mem in my.onfurlhond sense.
lfr. so 'n 

ih. rcEne diftction, rd ily to rrgre that
1000 nlha! mrdc rn.nomous di1rerti.. in ourin
tene.t df thc pa$ 3 MY, should s. dp<t thrcuFh
utriloftnrirnism pinciples dr rodxy's indivjduals n
dE low.nd ofbmin size (i e., roud 1000 n1). shotrtd
be considcntly lcss intcllk€nt thxn rhose with bnin
sizs mund 2m0 ml? Wcll, in 6d, sone wnc6 do r
gue rhtrt thc dillcrcncc beMen x mfli brlin uisht ol
13i0 glxns rd 1300 qmms isindicxtiFof rdrf.lcD.c
in h.lligenr 6.LNior (c.g., se. Ruslron, 2000, 2m2,
sho hxs pdl ps sonc tfrc tuthe*\ith ihis ider)

It hrs becn dno* uniformly (cepted by ihc rn
rhDpologi.d .onnuni9 that the ofeldion behrF
bnin sizr xid inrdtigcncc k ne8tgible, rnd tuftI_v in
signfi.xnr, t idldiis at mon ar R coefi.ienr of xbour
0 2t {e.g., ft vrn vdlcn, 1974, who trgued drtr .n!11
diferen.escoutdheifrpnintssmmlgen( oit.
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Of.ouse,when dr EQ:.al.utrted b rruii.ulir
lqurion ar divided hv rh. humxn Eql ibc (vh*her
Jc(on's, M?rin s, Hdll{,{iy rnd Po*\, .1..), thc rcsut$
.xn bc cxprc$ed srrqccnhgeolhlmri !ius. Rrnk
o ( .o trdrtion of ri6c ( su lts provids I corchtion
dtar lci$ 0.9, i,rditxrnL r clor butnor pd[!t rgrce
nbt lh's the nikofEG lnl some rnnn $rngcs
d+ctuling on tlr€ dxhbxc uscd We prter rhc fiomo
.cnEic cqmtion snndy Fccztrs n gives i. psccnr an
in'ndirtu Eqollhe ryegc modtrn hlhr val(c
Hdw(t', w ryish to niL. $c point heft rlDr EQ do
.ot cq,rvc. lj(lv.tus rr inrcre or deccr\c for an
xiinrllinc dependi,rg o. thc cluitions urd, h( whar
n .hMLjng aE bnn'6ody wcight ruirbl€\ wl,ich mav
oJ h{ noi be undtr selechon prc

Thc appli.rtioi of rhsc cquations r. trd.u
lr fdril hominids requirts h rcctrnte siinxti{,n of
bod) &ishc, xnd in tr giLrn living pop'nltidi r6csc
vry dns cmbtt: Far exmpl!. bxsed on I drh 5cr
ol ,r3 lhimpa'zce bnin iiJ trod)' r€thn, l|l! E(\
(using Holl{{?v rnd lost: .r4{cndc equli,r)
raftd bchyccn 29qi rnd 51]6 ofih. modtrtr huhrn
vxrlr oi rm16, ryhile tor 23 g.lilras, the nQ vficd
be 6veen 17tri rnd 379i Using rhc IJ rnnh bnnr w. ishr
*mpte dis.u$cd in Llouovrv 0930), and culing.ut
exrrtN body wighs, dulr humro D(\ vried 6c
tueen 70% rnd 145%, the xv.rxsc rnd modd v'luc
benrg 10094 Conscqu.nd),we dbuli lxfed sone dl
our euly hominids to derlxp sns chimpinzee Eq

In our gu*t ro bdrcr und($,nd tl]e .hr8cs in
our(ryn enrtphrlizrnD" through time, se ftluiF not
dnly ic.umte d{enimiilrs of bmin si?s bui rlso oa
bod) sizcs.'lhe fr.t n, hdycra thrt none.aor los
sil liods, rside toii sholc sl<cletons, eve F dc us
unl, coougb mrteri.rl ft, obhin highly rtuntu body
urish$ M,'chnnewor!hxbccndoft (Junstrs, re33;
Il.Hcn( 1933, 1992i Rufl, 1990, 2000,1003) jn try
n,g nr 6timrte body r.ish$ from p?fixl skdehl ma
krids, su.h as liDb boi. llngths, using.ompdivc
rnd liqorn skeletrl nlrdirls whrc bodl weiAl*s rrc
kroh, bur these *iI oily ntuvidc c*inato( rh{ ar
le$ xtcuRr thin buitr si7as. Ncvcrthd*s, r stu& oa
thse ddionships is us.ful rb it has ,rfld) shoM
thar niJ Pliocene honinids vcR moE enrpl'rli?ld
ihxn ihcn moft ftcenr toigid Iik. ma*os. Tlis rc
suh o'c n@ss rxtufll dcdion ro h,ve $.!krd on
rthrir.bn; size earlliloursllurion?ryhisrorr sin(
tl]es hom;ids hrd roughlythc same bmin sizes x our
krg*r.hiDlrrnzes, $hnl' is dtuund 400 to.150+ mt.
To lhe dqjrc hit datr m NxiLblc, *c *iI dis.us th!
rcl,lve bain sizs and po$iH. rtya,ccs in errtll,J
izrnDn n' r htq chapter on spcci6. hominid tdx.

Tne R€duction ofPrinrJy Visual Coft*

One .a ric aey mersuo61. dillcrncs bee..D rhc
gros icuturnromyoflumnddpongidbmlds, bidc
lron ovmll sizc, is thit rbe triDrryvisu:t $ixt dtcx
{Pvc) Brodmrnn\ mr r7 $rcl icly rtdurd in
volun. iD rh. htrmm Lnin. [lgure 5 shous I $rical

Iigurc 5. Lo! ror: plor of loluEc oarhe

Logo Srriare Corrd votumevs, Log,o arain Votume
(sou@:sbph4dr r$rl
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ol brRin evolurion fis involved rhc cntdgm.n. ot th.
6ondl lob.. Countles chrp n !n nlllnmbo), and
ncurologyrd$ do provide.vid.ncc aorthe to'bl lob6,
involren..r i. cohpl* cognitiv. bsls, and, ind.cd, in
dur v{itabL hudmn4s. Wh.n onc Imk rt ific bhin
endo.ss ofr *rics ofll)oni.ids FoE tfu nid,Pfio.cnc
to moderr hlndns, n r'aa looL lik the io.ul tott
becomes rounder hi8ner, a.d broade-in efl..t, tc*

When RLH wtc his diseflrtjon in 1964, h. ss
qtrnc surpdsed ro lind lron rhe Lr.hdre thxr adil
deasuEnenr of the fbnt?l lob. by wn Bonin (1948)
showld thrt wh.i fontal lobe siz q* plofted rFiilt
rorJ bmin sia rordrff!rcnrp'mra. f hc a.uldng!topc
wA a shiChi 450! desne Lie, rnd thr fie hunJn
v2ruc did not dtr$ fbm ii Ge. ,l$ Hollomn 1968).
Scm.ndeleri rnd hcr conessus Lrs coDftn.d this
obs.mtio! h seEril .nicles (S.nendd.i d.1., 1997,
2001, 2002) brkd on MN inage brlyris rnd qurn6fi-
.ario., ind tnen xndFcs rle dftided to portions of
rhe pdiont.l oird, Brcdmsnn s r.xs 9, 10, md t3. A
sinil2r sci offnding:, tiir rime usiog grrchirctonic
cfteir, ms publishcd by Uylings.r.1. (1992) on the
onn8uhn, also r lrg.-bnined rpe. Slop6 aor Egns
siors bdyeen lont l lotc siz. r.d pi.fiontal sia s.r
.I vdy clos b 1.0, or .lno* onpteE nom.rla vith
th. bu(an poinb hlliig rlmo* ptrf.dly on the rc-
eBsion lin.. N.Erhelcs, one nnds *rihlrs such {
D.rcon's (199, ihrt rbe hlnd Ptaonbl totc is 202%
legn ibxn an ap.\, r liiding bsed on .alcutations
nd. f6h Brcdnmn! crliq 1909 obscmtion on

.yrorchiildoni. Aonologu.s betu en m?csque,
chimpanzee, md hum.ns. No one hc confrmed inde-
p..d.ndy any of rhosc cnlier 6.di.gs, xid re beli.w
th. eant n.di.gs of Scmendcldi rnd colle'Fes
should lay this issue ro ($ onc. and for dl, Hwfta
Schoencmrnn (1999) b.licva rhe sufr.e aEa oa ihe
p€fmntd lob4 is ei.c a6 larg. h hullfts than in
non-hudrn primres. In&cd, spaime.s 6uci as the
N.rnde ,al c?lvriur and Lr F&ssi. .anDor h.
sboM ro have hrd sn.Ier ionril lobes rhr modem
Hatu e?im', xs 

'lolravr 
llgss) iniri.xy ricd b

shos Lleq Bookrein et r]. (1999) sl]oked, usinq
mmpr* morphond;c mal':s, thri tAe foreheaa
Dundre$ dfNes.darbrls md moJem Hno:.rk":
does not diflr ir rny siSnifcant yry.

Of.ourq wirh x rhr! to iour fold qpansion of
bnin sizc Gom mid-Plioccnc hominids ro r/a'ar,rt'r
(Tsbl. 3) it can be reftd rhat th. huno forhabbe
rnd irs prefrontal portions nu( hrk in.fted in sjze
ibsolurev Ifone beli.ks in Rubicon mod.ls, thcn pd
hrps on e rhc absolute voluoc suqssed sonc sitical
level, dr hefiwiorat hdtndk of hum.mds suddlnly
emsStd, n4ctytmgurgr, foft$oughqpt in ng, in
h,b rion ol imputsive b.hrvio4 ,ymboL. beh:uvr,and
much els.. This is simild ro thc lpmdrets eiew pc
mulgried bycould and L.wonnn 0979). TrJs pGition
vies luch behaviord d.v.toph.ns a neft cpiphe
nomem wnhout any bsis i. Daf sdstio. pr$ures.
such r vi$ htu num*ous onolosic,r pfbLfs 5 n

'gnors 'nmy 
spccb ol both thc fosil hamiiid and

compmtiE ncurorn,iomi.rl cvid.nc. rhxr poc thrt

TABLE I Slnmsr ofu.nussinhun,n b,:jn.mluuon

(2) Mxjo! iloea€, rlpid, bdh

(3) snax ?noeeric inftsc in bnii
*. 

'o 
300 1000n1Gsqmslr

,4d& ws KlM 1170 lib)
(4) cnduar and modst sia itrwd. ro

{.hric r4-,r't.%, mcd}

(5) S,nxlr .rrbEdic rcdu.doi h bnitr
n4 ?notgna,r.n ]kna 3"?trt

Ikuo,. q?n,i

Bcin sr. incss 400-450 ht,

r,z, .dr4 bnii .dddes6 and

Modon eido(ruizr qpkiri.r

oqs rthid b body sir Dscs€ d d{ft*q whil. noi.xomc,ic aalF io



ruErnq
ur pnbutuj ln nsn s rn!tur slqJ rasold uzr

-tu1lou u, xaio: azrs Fnsr 6rdd aqrlo rlui{ ror

- uhqr srug.p Inrnsn $lr 3n1
'uMq .qr to sn$g PU? 

i'rFs !:^oora !.N

-trq itpu prsH V mrq rqrJo uo,$tMuo V :dC
'unmDopu.

rqr.lo .iptru ftun'{ io Fraru ,r0o 5!rc 133sPtl

Juouosl iud uo P:sq 1q$h IPoq $ DJ PrD:db
rzqr puo{tq srs:sod Fu,m n r.ql tns! !'''l Jo
rnoue r{r Jo rNsht r!:Ponb uogizlPqdrug

'truoq Plooqrtr .qr Jo 4qd uioj

'qm 
aqr tu'lqrm loud rD\r or puo&tlor Ptnd

!II] uo€t p1!o4:'!Jo snuuDr DI'JU' iql r.g

lsrroPu: ur uo snrtro r s. !o6J ,ql
r$strp dPq 3uoqrug:p rllr snrl:L dr$ttio truq
. u! ru.lrd ror]J P:roorur.qr ro! put !'Ntrnls

'u'iti+udjo 
suolu!.srdr p,Trt 

'r 
srilus pag!

tr.Pr.qr 
'qr 

rrN :q pFoqs lPer iqr $iroPutr u? uo
. r?!rd rou ssp rarus m$q Ios :qr ::!'S 'unr

-rDopur io uruq:qr to s:n!tus PJuorBuon:u
rgD.d, 3rb lno u pw tenlu. rrluoPus uog
p.^urP * rnq s*sPur oi rnhun 'PDu:8 u lrou u
surl :s:ql 1.mqB rs rs6oPuijo uoolug.P rqr rJ)
qrJoPlr uo u.srd sror{ d aol,q suo .qI

'nqrouz rlo IuouoE auo 9uDoudd
d !4asu.qr ptr:I:mJ! al B eo roqr uo sro

-rij IrrurDoPU.5onto sq!]o FUtr {r rE suolrussaP
tr'uouonr Pre srDroas{s tulPltd uolfdo no PU3l
oP * ql'{ { asnoJo tDq P$sn:
tlrs:r aqr ru'r@.p or Dprr rqr or dn i rr tprtr
rqro uI lrrrou? wlll ludodul aiou ,\anlosqr r
ro6j .uo a:u or DPl! iqr Pr,I ks uqr uoudojo

PD€P .q pFols ss?roPui FnPwPU rqrlo sloDdrDs

+ :!r ':$lruesls ud suo'udo Mo mo adsPrsrl
,qr sqtr llrmuEJouo!r]! 

-urtrg 
3$.qr uqrh

Fsot s to lrouo@ iqr Artftruo: nuruntn nqrl
or Dpu rqr Suuijd tr{A rd.rF trDoPur ]u'r:J

lp:qr Surq!*p u, suoqe:lldu' rlsulsls Prc . or
(sdno€ Dqro uo{ !.dsd FrISoPq&oo .ros u, s.J

Ip rBqa susm.fto pr'toPlqjo dnor5 r) sqdrou 3u$
Iq (ssrd u,'rooa'2002) [3r:!3I pn ararr]sJo.uq
ino luru.8 rl{l Ptaolloj r Eqra$Dssqlo$unlo^
oN Nry rF 96 ry as?:oPu: a:tdro'PqnFP. ur
u::s unto srnrrij Jo :aur rqr Irq n c SqdEoi
!r uojo * ruqo^ .qr uI P:sDsIP suruDrds rur?J

.t,P rF rlorotll $3Eofu: Iur uo porqqp $4r9

:qr u so! r^ :Fq ti rtrqr 18 0 P.PUrur sr rtrptt
:r| tuEq pn. rsboPui P4'9IIg: .qr uo :lqs$:q
,tBu sSEu SuhonoJ :q] u, fau:sd s,toloqdrou
:qr :Irq 

^ 
1orgssrr su:ury lDPou PUr $zu!d

uqrruop qqu srot{ uo P:$q lsFoPUtr uo
prrq@ e€otoqdrou F:urA :qr rlFno ra !:H

rcoloNINaJoNv
rcoroHdroN ,lvINwcooNg

'pro!$ rq rou pFoqs qu*r PnoNzlGftor qrns Pw
!!ru:8ntnr zr unrq rtdur urqr ror rl peAd!'
aEq o sn.ddB uoqntu. rr'll 'uoqnloD uBq r!.s
od uEunq au'np s'u4 ru*JrP ru nmrdol'rP

n&olqor ruardu t* !:nr:ruI5r SupnPu!
'uoDrzusrror pw !tr Dtl! PUP aqosqr qroq izs u!
srttrsqr lqr Frs ltrqr n uoqnto : !'rq pruuoqjo
:snotr :qr .to tuFu.*rtPdn n :trqu: uDr qsDoPD
us{Jo rsn snoD.IPnL tqlr'! r:q.q ra',u$ ul

5u44D'oudH
!, :zs :^!rtr u, .r'ru, ut :uoSDPUn osF r rq $qol
prand rrl Dqula {'r'P!' or r::goa 3srqr rr.dh a
ru!q protrFrqtlJ itltro uoDszrur9rorJo Jldlm
Dqron r:l qutrs*L! sIIlI mdnq uJPou r D'lq
IFUDgmtG Iflxrn!{as $a $rnto rqot Frodda
pdrsqo pw P:F,P'd uturq srulDlj,P iq1 ItrP
'ssa / prFd tu$n soqs or q$ osF rs ueuiAlFs
pE 

'ufi 
$ord! tar roj rrod Drp .uo rllia fq

'orcp Aqpnttru! bDrds 9n rc Pl$q s.a r$ !!p
( r s6r) F rr ufirdns lu!8ro .qr srrrqa \to.ds q:a
ror s,oD:ds r?r.^s uo pNq sr rPDs s,ql rqn'a
uruq qrh ridtrd s Dt po$db rq pFor w'F
Dsnt fos d 02 rnoqs sr rqot Frodutt wunq ,!
reqr uaoqs t^t'l (zmz) u,r8!FS Pc sunt ,{Pur:8

aqo'I luodt{ 3{L

'(olfl x€ I^lN) "t ,) t'|!tr ur a ,lqnsd
Pd iE{troPra unrq (r os '5r) rr,,, da,lr o P:u+
sr Arurn: sarn:ds rqr Jo Iuru u, tunEdds uot
rirqr r sD:u r{seJo uo4'Puor atuaqnrJPour+

rtlu tuqlJ u rurudotr + Itudtrnto^, u3 :!o'lrPD
r r'1 or r:ddE op suo€r s,rtrorg'Nqs llk aa sV

'uoqnld. uruq trnsou lq Ifu
ra rrqa:rurs: ur s, s,qr'(d6r alaolloH €t uog{
d: !?unqto.snor rp u, srdq rudrgrP N 9urllrrs

lu:udot.Dp rlrur8oruo qlh ltuu!,nPrq 3!{tDPd
u pn, nuq rqr Jo suod! ruligP uodn 3lntrr sr5
rqr:I* srx rErF a:h eJo io E u' hu sqr !:F
:r1 ',uoDntoD cmr{ SuhP Fum:o loDtrur€d

lI





(or5() F@) iuG.!!!) qurr
rqr irqaur$ourp 1d?,./) Lrp!. uruq uipo! ,, pw (1,) qgq o.@nq uiroq rro ria r,\n]o I rr3rrl



FiAu.3. Brs,lvi$voft mo&m humn bdn (r,, rnd. modqo huar endom* (rdrar), dcEorshrinsrhe ob$dsblr
u*ofrn,r hndni*s ofboth Gts'souft., konen O*.o).



uruu) .rr!s.!$) ,tFq io sjN'f
! pu! (dr) !t'q trrurq utou, ,,ro 

^,.\ luu!,I 6 rtur,:l



FignE 10. oNipilrli$r olboJo hu,nln brr; (r,t).Dd |nodsn hu'nD.ido.sr (1,/b,1, Jqrchitu;uihL
obnra6lc nrniinl I niri|! ofLdh (!sti lurc. liroDo o{o]



392-t:'Z:99
nq roddqruv { I s@dqqr 3rI Jo $D lrtm.oPur
:qJ 916r 's ulur'lJnz !!!c Fdoo:)

!E'!rda:u.uurlv r00a or!\sdqdoH co.rqu@:)
'r9r szr:09lo^sNqaarrrq u,uq.tFrououqq?

!:r ld u:p:r.oqx'g
'8t:tt ddns

pdonl)lv ltqd I urv {$:opu] r$oj Jo uonaldaul
roJ sooDldur rdunq unPou u unruiftPu. puo{
rqr Jo ,t'euufsv aooz .I{ iholoH iCd PPsPlos

Dn ELrr' rs:uoPrl uoj 
'4,? 

?eor 
^ru v 1t us)

r oblu!5unquls Jo rDoPua $02 s 7r.b!I{ isr[

m,( ,v !ilt,S t ,iuqrcN .ru llhonoH Jc PPUplor{
.'zz ,reie o.uv mN) rin mv lEi
Iq ,!,r urpou pw rcqu u, stvdd lriuur Fruo] 5uI

-nduo3 666r.FD,HDiussr.ttrqaqrsi, uElqooA
'I r-!zz: rr Nruuq/{ s!, d( $l ?.'{. JDnIoi?

696r 'H uxqols I rcIlrea

su|d pdolFuv.P ros 0?t{ liq ufo !l
ruuoqt :p :tutdruiJ 116r 'd luo'luv

'isr {cr|09r bstr|asd

uolnld. umq urunq Jo uo$rrd
r.ru ,qr DJ s6oPU: .qrjo ]trwlodEl'-trhu]l4s

{uru}nn'uproqJPuBiE:uq qsctrr!.uoqd&hl

$rtropli I'F
uo :Frmsqo lBqoqdrod rgrlds r[6]( rstoPull

a"ulsr.onto tqrjo a$q3!Fu Prugxot
q4:rnp )qr 

^\oq 
q !' iqqqBr tr ISoPPorll.B

:qr PU, sonro udu) PorFl^I Pw rmlo
'uocPuor tuIPnFuI t]sroPur .ql

ilo,{toloqdiou :qrjo a.Nso uV troodlsrc sdC

r"uoj aopq qr tukollol PIUrsrd sl{4ut qng
rvNroj alncll dNv lardrar$(l

Iqs ]qr.ro snns Pp'oP'tu'l
rc Tn€rs iFuso iqr s qms raN tullitm urj.
rFsr rqr s! pu? .?uodsror rBqr rtPr v asq 4.s

'unq rqrjo !,G e
suoq\o uor o4 urN:q aofg ro l ooi' v $rFs

'mn:qrDr rwjo $4
nr nou-Frlq Pu' loxnrB lo'rdns rvr lus la

$snus prort6 pui drauur aq! allPlr slroP@
rqrro uoDBrq 1(|r u, tuPr *r.qds,mq Flqtrr.ll
mlN'q sru snu6 P!'a?s rqr qduDp rot qed :r@
rl' {qeuds, lurs'dr srsnus rqtr rtrlnus snoq
IEU€rr ro F.'d''o !p'os8r 'Nr^trn iF{rtls:tt
or spuodsro t$ uo,tr Prs,u B qs.roPu. ul rffiS

rratrn!! snototoDoq lfirq rrd trou iql lqt

t u'v qr$stPu puou q rturtuts uMq Pu! rur:q
-Prurs66r 'l,r qq iI rplqrq! i0 ulqor !d nt4v
.so lr:LO puz ]\ .zIBs uniu iJN uslrpl-v

lrurDs ll6l3^oarsFd :@pDnurv asurl d hqtv
o quJ:r:ufqaur r!r!?5jo iPos:pu.Ds:qI iPr
,tio,ilN H rr .t pur 5u'3Nu uus r00z a usDpuv

rit-nrfzlt
duoC f IrFqDn Driqilnu' pw run'qr
,pxsdr oo'5r s,r.ds 666r ) D[rz iNqH

'H srqgor{ n pftRs v nq:b$rs } qunuv

'63 Zr's9' rdi:N duoc I sr€@qr
raurudqDp pdr I$uuG! rsaraqJElb rolsr

radlt r00z ) $IIrz vqrou,c v f\:Frltrs ) nunuJv

trn.srqI rqol produrr:$Jo PUr ro!4xcor.lur D
FUru8 eqr sruNrdJr qod Pldra rqr {rcu*oi
sor lr]rod eqr rqq lodlo :IIr Jo uodr r?'ir q

{od FrdDtro rqt lFon.ruE sou srdold qr uo@t

IEUdJ :qr lo r^d ul 5' JFd Fuort ,Llt !9ol
r)- rlo uotrnlddr:rrSjor "odro 

pur r{I rl

'FErFluotr {r Puo{:q &orrFod Drrod fln
:qot Fri )lo ruo e!1., la'd'ro u? uI Jqo rl)l
wII] !p,a s!ronlr bqotFuoijrt:t:qr Puoltrq+o
n erlod r+1 touo!r'13! :qrrqr strFIPu :l

Fruo{rq5r!!.ldueioj IIrPraFDU$l]Plqio

FDlF4uor iql iim,qot rqrlo uolrrfod rqr lq P
-.:0 s Fr4tP!u6 rqr ao rnqds,urq lrlqrr
to TuJUJuLiDP l.truJrlj Plo uo traPu u! ;!

'5 rnd..s rs.trJ srqrjo uossnx|P lqrry
'msouds u:utuoj udJ sasm q:q { f,rrr F adu
:IPp,o rql s' un'urrP!.:qr PssFrSuGtu
nurd :qI qtr$i^ Prtulu:u.,$Jo rFsr r'{ $ r

)tpL :t! Lrl-w,i u Uo uJ:unuV Fle Is€u

$3N"rarEu

fldho 1s Fruo{ xqlu or {:t udl rcr ronog
.at'^ 

Pqq 1€a FsoP rq'u or rjtl udJ Ni :IPPW
rc!

Fr4.t lqttr {:u FnuI r]:t rq'rf q {:l uol 
^sr 

dol

xruroJ tuhonol :ql ur

'n5s 
.Fus ! u' faDsrd m $EoPu: qntjo h:']\

tz



24 l lR, \ rN Evor rrru\  
^NL 

INooc^srr

Clrrk wE Lc crc' 1917. Obffl{io
rhc fo$irrutu4,r*4,a!I 

^nt 
31,3m 333.

comory cJ. 1e50. E*ero3r Molphol
Bnii. sFngierd. rL cc rhom*

conq c, w.b{ c, scidlc! H, Tobirs B Ko€ A,
Brunsdc! B. 1ee3 Endocn ,l apeiq in o @\ ho'
minid miium tom stlKonftir, Sourh Afii$. sci€G€

Corror Cc. FerL D, cuyd J, W.bei Gw' Scidh! H,
Rshcir w 2000. E oaani3l apdq i! Sr5 71 (-rahl,-

r",.a ltaut by rbec,rf.ffid.r oopd.d bnos

D{t RA. 1s25. trtuh4btut .fiazs, rh! minapc or
Sduth AIri... NNc 15,19+199.

D.ti RA 1956. Thc andtuhips ofbnin si?c !d b!ai!
lartn b hshxn shtus. S A& I M.d Sci 21,23 1t.

Dc(on T. 1997. Th€ Symbolc SFci
ofhosu"sc aod itu B.rin. N.v Yo'F ww Nonon.

rdingqT 1929 Dk fo$ihi G€hnoe tr'xcbnAnrutnN

Edhg{ T 19a9. Palcoftmologl es
rnrbEy Coniini. N€u rclogi$ s cputun 91 24.

F.Jk D 1991. Evoludon of thc Bn
Homiiid' Jim6 Anhoi 1durc o! t
huoai bflin. Ns Yo& ivlcnatr MGeun oa Nttusl

F,lLD.1993 Hohinid bnin eslutio

Fd[ D, Redmond.li ]c, curti J, coiiry cc. R<hcil w,
wcb.a Cw' Seidler H. 2000. trdly hooidd bEh dolu-
iiodi A r.w 6ok r old md@sE. J Huh Esl r3:6e5-

Ii'rl lL, Drlingroi RB, Nicsto N.2001. DqeloPn.n
h1srusE h bEiD crclurion Behxv Bnir Sci 2a:233-

Fouidd AL, L€oind cM. cihorc RL, f.ndel EB,
Heilmm (M. 1996 PG driguhin Nlnmdrr, lnd h
guasc dominlic. Prc. Nid Asd Sci USA 93,719 722.

romds AL, Eue r,I, Lumno LI, wtiibdser DR. 1993.
MRI agTncri6 in Brtns rm: Th! pds tiusuruir ud
pc opiml*is. Bnii Lrng 61:232 296

Cotr1d SJ, L.eodr Rc. 1979 Thc spxidrcls ofsrn Mmo
{d n\c Prtrslssiri plndign: A cn
rionkt piognmm€. P@c R Soc Lood B 20ti53l 593.

cqry Dc, Hufimrn KJ.2002 Bilii
don lqo5 of noduhity $d tuodio

Cin.udll.ft D. 1997. Liolunoi d. Lai&FrhJc
.t HrLa 4?i''. a?\is d.

Prrao"nhlopol%ic Pui' cN RS ldidons.

ciovs cB HuoPhre) NK. 1973. A
skuns: Evidcrc of lft 6^d bnir 6DdioDr Natuic

Gurc!.J. 1e73. E{lr p.init bEii eoluiion. Mser'! $!

Hi6cbl{ P. 19a2 ,Anrhspoid snd hum

Holow.y Rl-. 1964 Sooc quaidbri\r Fltions or ihc
plindc bnir PhD nEsis. Unteriry oa cdifoEh {

Holouy RL 1e66. cEniar {4ftirr md r{rcn numbs: a
sitiqN nd p@psxl AiJ Phys Anthrcpl2t:305 311.

Honway Rl-. 1967 Th. tslutior ofth
noas rowd. s-rdhqt bcNstr ncd
.@ludotr or coEplci behdioi Cen S}l 12,3 19.

I.Iolloqy RL. 1963 The.voludon of!h. pliEdc bnjni
Som. sp-G of quodhtiE clanos

Holqqy RL. 1969. Sone quaiiois on
cvolddoi in pimets In Pcts.l, Nob&k C, eds, Con

rsntiE aod DrcluriondA5pr6of ih
Niryo* Synen. Ann N]Y Acad sci 167,332 340.

Holodr ttl. 1970! Ns cndoqad?] valu* for ihe rus
ft rlorirh{ios NrM 227199 200.

Holtwar RL. 1970b. A'trMlopi$<ioe cnd@d (Tdns
spe.ir.n, 19x} A nq yolumc dfthinxrioi Sci€nE

Honoway RI-. 1972. Aushlopi$(h.
1udotr in lh. Ijomircidn ud I nodd of honiiid €wlu
tio!.ln: Tuftlc R, td, Tht Futrdiof!
Biolosr of !rin.ts. Chic4o: .^ldirc/Alhctun l'rt$,

Ho[qqJ.' RL. 1973. lidoarnisl rc
Alinrn honiiids snd .h! @lc oan\c b!
!rclurion. J Hun Ercr 

',44e+5e.Honouy RL. 1971. Otr rht ma'6g

Hollowy Rl-. 1975. tdr hdr;iid endosns: volums,
mdpholosr, xid sisniiq'(
n{r Fundonal Mopholosy and Evoluiioi Th. H.su.:

Hono{ar ltl-. 1973r. Th. rcl€Bae o
.hCR, rd, S.rsory

sFrD! in Primfts. New Ytrk Aqd.mic F($, pp r31

hrion ud A &imn nominid 4oluion ln,.lony c, cd, Edlr
Honi',ids ol Afiicr Lo odon, D ( kwonh, pp 37F!o1.

zdor TMid x syi$*n. ln: Hahr ME, lcsc! C,



s!uft rq.ru'rdJolror{t,$oJ:qJ'616r'g'lnjsu,pru

516Ifii{s]Plx
roz-$r dd

ts.lr uor.rrvFurPv :otDrqc rrMrd Jo .{8opg nr

uuq oruudjo e,PNs P4 $moPug at6r '{n ,6isurP|t
'909rr i09rr,96 vso Fs PEv

-u:qrduo:uq,uq5ro 666r'Hi*q H1o'NJ$nJd

;sprquiJ ::spDqriJ uooqd:t rgDU:bS :uoqrsn
uv :!Hu!c luqr:cjo e&s!o .{t j00z lr'{I $nJd

F:lror u, ufipftd pu'uN l+ou :']l or laurusrp tu!
-rduo3 ,rrrarpjo,NDu r{r tuqu 00oa.NJ $nrd

rDc:'luo sPv 066r '(IJ i:qDurqv is )jJqn){ !N ouo

rrFtor:t3 rodo4ruv r{qd iury sPuuo9

'3 -frr dd !:r{dC :p :u'pN )jq mN $um0,
r$ Jo nasrH ,{moqnro s .P.

lsj r'' nr FuDaqrdorE$r .Nqo' u' ,nuoprs?u
Pu!uoNznrqd .otrungF rmqrPu$P,uuoq4#
q:q5'}IPlqJo$!qIa^aN3

rs:rd d,$rhn
uaruud/]rHwudqc:uoPuol uogtr@suorxr!.urt
ol,(rdvlolnlqdPw{'''oUld065laI!@'iI

'0Flr:r6z JorN'suqaD FDrelr u,.B
.136r (nr qpN

IrtruopguruluoNlo^!uuguxunH'$6ro{u|[,1I
0rr ror:e/ nlv

$u:ori*rq isqdE&u* qdj 6
4uq$ :'lI 9s6r nI $u!o 'ivl^pauu.) i,tl uouuDlrll

slqa f uv almoplr :di !r5 !' :d
,rd .aooz ) $flrz H lFqrlor^r d rFrr ,3c prllrN

'03s srr{r rodoqruv {qd I uJv !84 wu
iq.'t u' rnnrqr /!Dor:.ruri P!, FPr{ 9t6r c qni.r

:JC 'ua5u$! \ isopi:lo.trd 1
'9zt 9rr dd r.IflC

i'o$'H niuoDnFS p: .!t:uuC :rI r:ubrqldq.l

a8a rlz dd usv un4pa ,l :IN lmrF,1l au:€
murro uo$rq3 rrr tpr T wuFq{ Tu 3rlq@rs

:q Isoto'pcd a^Duduo. ur i!c$ uO z00z IH uosu:t

'a:u:3'(:!r pu! s,rs:'lljo qoDn|oa'&6r H rdhl
'rlF3'':299 bS PbV lft rohlq:q

FUDr@PEqodNluDol&o166I
'to9+69'VC6 Ja{ ruv lomroD Pr
-udx. uu{ pcrNprd uoNz,ultrr u'.4}qr,6,pu, xr

fiopq&oN r00z SN u|tr\'CO ppuplorq i,It I!rc oH

5'z|99.!i!&YrINi]son!'I$oJPlIiUo?qtPW
sutuus,r,ldldouoDndu6€utuoDx puiol5:uD$d

'2002 tu r'qlt isl ord'ls !v rals cc spr'lrry
ic q$cro 'ico PF Prog sN uNi "Iu iNrouoH

'9,,5dd'muoldlgoieN'!dI
uoc PUN .po'tFl^t :uotrits3 ullt l!u!d tP: !c rFj

t 9uo$u!v :ul uoqnroD :rsu porooq pn s,ns:u

'0n-r0r:39 pdo4lv r{qd t 0v tu6
-ruop F4!r Jo ,Gorolqld ,qr uo ,8uTu!,(m@
:ld:uds spuuoq pu!,p,3uod ur rn?uu!{!! rDopur

,1 rp .Iu flaofloH

r0rn6e:3lt rodo{rsv {qd I urv ewunq
u' F!o: Frud]rd:qrjo or rriJo:uilo anEr r'l!3!
Dr4r qrnu Nq :uocsronuuot,Dg .a0o2..ru ,rlaofloH

un4 ru{Ddur rl$u l!.uollr $oc r00a .rd ilaoloH
'rr: r3z su:ns :rild utuq pruruor{ .666 r .rd luondH
'9rr+t dd tard rrlaron PloJio ,,porNN .uoqqo^s
:rpquls u iH Jo )jdgpu,H rp: !J $a:d v rsl
!r'un4 ulunrr.rnjo uonqolg 966r .ru issloH

'rr'2, dd

tpr !I uonBlqr id I na3w,r3 q !

-nq Jo i'Grti .!:qru& r pls\oJ '166r 'tU ,tr\oltdH

\s' I w::iro,( |.N au:ph3 I'rH .'lIso$-uv,pc

$Jd,r ,e,r Jo u,uq bod :qJ g6r .-rd ,{usndH

zrz-5r€ rodoqrv t@r rrerrd! p@ ,,llpou ttn
roj qrFs v :uoDntoF lErq uuq{ t36r ..rd,{lrunoH

.r0r t3zrs rdorrFuv D,Frd r6r]]4s v :uoqnl
-d. ursq u'ui\pu! tpqd& lrtuFl 136r'TuibDnoH

.Izrnm,rr lodqqruv,,(rld I ury eDids o
-od F Io pui orp q!rulo :rr Jo voDlururca ! i!flqr
,rerq?ru,(poq-uEq nuds-unor \'036r .Iu rNuoH

,erd rrurp!trv ]lro,( I.N \uoc4ldul Fro4rq:q :,,s
u|'g Jo UoDn|os Pul Mudola](] lPo .:)g 

PPnq



26

zuliryjK,sdLgmR RA.2002.A
ri. 6nP@ti{ o]]sis of r

RUF CB rr0. Bodr h6s ud hindlimb boft adi

ro: Drntrhl, NldrxJJc! !, cdq Body sr. ii Mxhnltiu
l1Lr@biorosr cim6,idsr: cxmbiidFc univ.nity pr$,

RuncB 2002. Lo'lg borc dicul{ rnd dqrhyltxl niu!tue
ii orJ {ond mon[c]s sd {p*. I Lqooou cll4. A,r
IPhysA hopol1rei05 342.

RUFCB 200r r_ors rloit rdlulu aod dq,hFqt$rudw
in ord wqrd oookr aid Npts ni rsrimdon of hody
oa$ amlPh]sA hrcPor 120i.rr7

Rshtoo JP 2000. RR, lvoluno!, aad Bchrvior A Lia-
Hnrory Pc6pdivq 3rd ed. Pon Huio

Ruhbljr 2002 Rsq b in si4, aDd rq cs r\y.td

s$o R. 1931. Anabnic d &olqiion &s \tii4 miriosrG
!n!z rcs honos to$it$. I'disi ENSB cTHs, Eds,

schosn.nlin fT. 1999. Rcladoruhirs b.nrc.n pftGotrbl
Llluru and bcbryio, h mnxl trtrhrD fcmals ]\nl phr
A(LmpoL supp 23 2s (^biEd).

scbr{.lrr, T.&*ll I 2002. Thc Huo@ Fcsil Reoid,
vohru r, Tcminolosl rtrd cihiddcntut Morphotogl ot
cous /1d? (DmoPc) Ncw Yqk wirq-hs.

slhwdz JH, T{icRlt 1 2003. Thc Humin Fo$il R..dd,
volume 2i cEdod!ftr Mo4holosy of ccDur r?,,
(rfric! d Asn). Nqy Yqrc wiler LNs.

s.hffi.lFr, Trre^.lt L in pe$. rhc r.rum$ lnssir
R.ord, vdluru 3, cnniodcrist Moaholog, of c.n
qa tuhtatitbxu, Pq'tthap" @a arttir. N* ror.

s€mridd.i ( DlEisio H, Fnnk R, vri Ho6cn CW
1997. The.wludotr ofdr Glniar robs: ,r vohneri. amt-

bniin J HuE trcl

s.n.idttui K, &mn,ong E, sdrlei.h* t5 zin$ r! vin
Hos.n CW 2001. Prcrolbr ort{ LD humris fd 4!r
A @np@ri{ study of.€r 10. A4 J phF 

^trthoDol
scocodclili K, Lu A, slnmkc! N, DrDrio H. 2002.

Hu@rc eod g14r xps lhe 1hlg! a@ntal.on*. N{

shc.lood cc, arc.dfield Dc, HofpR, Hono{ry RL.2001
vrinbilitr iD B@ss !rcr hoinoloFr. i! $cr aFi, lmpli
anoN ror hdsur$ iyolurion Ao*R<A271i276 23r.

smnh GE 1904 Th! norLolosr of dtr KipnJ q,o!
or ,h. qebnl hdnphc$ in man aod rrs Ai* Ad

soith cE 1e07. A 
'r! 

rhoslaphic?t $ryer orihe h.md
cleb.trr @ru..l A@t Phr61 41:237 lr4.

snnh ctr.1924 Trx EvoluriodofMar LondoD: Oxtoid

srphaoH,rnho rrD, Bmn c 1931. Nc{ aDd @i$d
dtu on vorumG oahni! sdcores in i
nrs rorir Pri'mbr :rr I 29.

symiqron tr. 1916. Endocnoii dns x.d bnil aon, r qn
ilisn or $m. rce,* sp€drfio$..t Amt ph]3ior 50111

'li,bns Pv 1971 T& Bnii in Hooirid trvoludon N.w
York coruobh unircEig, Pc$

Tobixs Pv 199r Orduvn coqe. vols 4A, 48 Th. Sriults,
tr oqns, xid Tldh oalr,ro,,r,/,r c.dbriJgu cim-

Tnmo l\!, Loftus wC, stukcr T , Cc RI, woujB,
cx@dsrr'rs.1ee3 sniisizc,hadsizc,mdiotr\sie
quod.nr in doi@llodc iru N{tulo1 5atDa6 12t2.

uylDss HBM, Bo tr&! CC. 1990. qErhtiw od qRi
rihtiE .o,npkiro! of thc Prcrrcdel .
pinr6, iocrudhghunxis rrcs Bnin tus 351132

qD vien L.1971. B!r! sizs rnd inclliseft idni!.AEl

rcn Bonin c 1913.',Ihc frc!.it tobe ofn.imrr$: cr@-
d,ir!turJ studies Rs Pubt A$. R

w.&.i \r!r. 1990. Th! qgni6(.r of
adon or artL.nd od Tb€ ecb.lhi aolirE s a tun

don Arcn td Biol

whik DD, Firk D. 1eee. A qurinmnrc ind quridivc
crdysn of iht Fd{an r;om dr jrftn:k pan, hnra
!pd@!o r-3r3_1 6 aom omq Ethiopii Am I ptrys An-

wnqmm L, Ruiledsr lN, Bislq !D. 19e1 ln vivo bnid
size xid inruismq rntelig.rc. 15:22:1 223.


	1.Preface
	page1
	innerpage1
	Preface
	preface3
	preface2
	130001


	2.table of contents
	page2.vii.
	p3
	p4
	p5
	p6
	Holloway0003
	12
	13
	14
	lastcontents

	3.Introduction
	intro.p1
	intro.p2
	intro.p3
	intro.p4
	intro.p5
	intro.p8
	intro.p9
	intro.p10
	intro.p11
	intro.p12
	intro.p13
	intro.p14
	intro.p15
	intro.p16
	intro.p17
	intro.p18
	intro.p19
	intro.p20
	intro.p21
	intro.p22
	intro.p23
	intro.p24
	intro.p25
	intro.p26


