
nletries have heen shown to be present in of Chimpanzee 'Ianum Temporale: 4~tsnalnpithec1ts. Holno hnbiiis, Hnnlu elrctlts, 
Humanlike Pattern of Wernicke's Brain and Homo siipii.ns i~eiii~dc.rtalensis ( 16).  
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The anatomic pattern and left hemisphere size predominance of the planum temporale, 
a language area of the human brain, are also present in chimpanzees (Pan troglodytes). 
The left planum temporale was significantly larger in 94 percent (1 7 of 18) of chimpanzee 
brains examined. It is widely accepted that the planum temporale is a key component 
of Wernicke's receptive language area, which is also implicated in human communica- 
tion-related disorders such as schizophrenia and in normal variations such as musical 
talent. However, anatomic hemispheric asymmetry of this cerebrocoriical site is clearly 
not unique to humans, as is currently thought. The evolutionary origin of human language 
may have been founded on this basal anatomic substrate, which was already lateralized 
to the left hemisphere in the common ancestor of chimpanzees and humans 8 million 
years ago. 

Tile pl<~nunl  tenlporale (PT) is ,I kc\- site 
with111 \Y7ernicke's ~7osterior recentive lan- 
guage aren in the left hem~\phere  of the 
human l ~ ~ i n  rind I >  thouuht to be an  eni- 
center n-lthin a iiiapersed ~llosaic of 1<111- 
gu,~,qe-rel,~teii reuions in the cerel>ral cortex 
(1 ). T h e  left hemisphere predornin,ince of 
the P T  is more cronounceii than nnr. other 
human l>r,~in n>ynlmetry. Further, it i cur- 
reiltlv nlcielv acienteii that ;Iymmetrv of 
this brain region is u n i ~ j ~ l e  to humans (2.  3 ) .  
A 4 1 t l ~ o ~ ~ g l i  the P T  is ,I major component of 
the  auditory a s>oc ia t~o i~  cortex, ~t appears to 
he eiluipotential n-it11 regard to its role in  . 
proiiuctlon anLi comprehension of both spo- 
ken (~ocal- ,~udl torv)  aiid s~qneil  (geatural- 
visual) h u m , ~ n  langu,lpes (3 ) .  T h e  landm,~rk 
study by Cescl1~v~i111 anil Le~,it>ky ( 2 )  of the  
P T  gar-e rise to a plethora of intereat in thls 
region of the cerebr,3l cortex. 

Here LI-e report a morphologic p,ittern 
\v l t l~  left hemisphere P T  p reJom~n,~nce  in 
the te~liporal lohe of our closest li1.111g rel- 
atlves, chlmpnnrees (Pan tro,qiod?tes), a h l c h  
L~arallels that of liumnns. T h e  p reence  of a 

both tlie organiration of 11~1man cortlc,~l 
language a r e ~ s  ,111d the iiature of their basal 
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ciesipn, origin, ,111ii sul-sequent iiicorpora- 
t1oi1 i i ~ l i - i i ~ ~  early hum,3n evolution. 

S ~ n c e  an e ~ r l y  synthesis hy Geschn.inL1 
and G,11,1hur~i,1 ( 4 )  ~t has l ~ e e n  niilel\- ac- 
cepted t11,lt ,Inatomlc aaymmetrlea of the 
PT  in hurn,ans underlie . i~el l -e>tahl~she~I  
tunctional asymmetries within this ,111ii sur- 
round~ng  left hemi>phere per~sylvian lan- 
guage r e g i o ~ ~ s  (5 ) .  Further, many stuiile> 
11,1\-e linked the  P T  to a melange of be11,11-- 
iors nnd disorders, other thnn l,3nguage, that 
are a1.i~ purporteiily unique to humans. For 
example, iilvergent nnatomic a>ymmeti-les 
o t  the P T  are con;iiiereci to be ,issoclated 
.ir;ith normal human varlatlon such ,la mu- 
slcal tC3lei~t (G), Lievelopment ( i ) ,  l~anileci- 
ness (8), sexual dimnrphism (9), anii corn- 
rnu~~ica t i i~~~- re la t e i l  disorder> such as schiro- 
p h r e n ~ a  ( 1  2 ) .  

T o  date, n o  study has d~rect ly  LiemL~n- 
strated P T  asvmmet r~  111 nnr. i~onhurnan 
primate, although tiio e,~rlj- G e r m , ~ n  stuciies 
( 1  1 ,  12)  .ivere clted ( 2 )  a> 1x11-ing reported a 
lack of P T  a?vrnmetry 111 ~ p e s .  Ho~vever,  in 
nlost humans t h ~ t  are let) hemi>~?here- 
domin,~nt  for language, that portlon of the 
syl1,~,3ii il>sure (SF) assoclateil with the l , ~ r ~ -  
er left P T  extends Illore posteriorly than on 
the right ( 2 ) .  O n  the oi- o n  thls ,In,i- 
t o ~ n i c  association, SF asymmetry ha> ial.\i) 
heen assesscd in mine ni ,nh~iman primate>. 
For example, Leblay and Ceschn.~n;l (13)  
aliol\-eil that orangutans (Pongo pyp~~iielt.\) 
in particular, and less >o gorlllas (Gorilln 
go~illn), showed SF asymmetry \vliereas less- 
er apes iild not. Liken ise, Yeni-Kom>liian 
and Rensc>n reported ,I longer left SF in 
chimI1~n:ees (14) .  Conversely. SF asymmc- 
try h , ~ >  iiot been demonstrateil consistently 
ill OlJ \V,~/orld monkeys i 1 3-1 5 ) ,  anil the P T  
has er-en bee11 reported to he ahsent (1 1 ) .  In 
li~1m,11-1 fossil endocaztq, perisy1r.lai-i asym- 

Cle,~rly, because of the  pre>ence of a similar 
pattern of left l iem~sphere predom~nance in 
mo>t hominoids, the presence of SF asym- 
metrle> ln fc)s>il humans cannclt be u>ed to 
>upport the i io t io i~ that they m,3y have had 
a capacity 1-01. language or speech. 

\Ve ,~scertained the  horders of the P T  in 
19 chimpanrce br,lins (17) 13~. using ,ma- 
tolnic lai~dmarks cieterllliiied for humans 
i 1 S). A l t h o u ~ h  the P T  of three hralns 111 

this aample cc>ulci not be directly ilu,3ntlfleLi 
1-ecause of tllelr frlahle c o n d ~ t ~ o n .  ,3 \-isual 
,ipprai>al of P T  asymmetry nas  conducteJ 
and calipers n.ere used to me,lsure its lateral 
extent (17) .  T h e  ne\v and relatively si~liple 
method used for tlxs stuii'i. ~ ~ 3 s  cie\-lseii to 
me,3sure the cortical surface area of the P T  
~ilil, more im~l~1rt,3nt, to incluile often ne- 
electeii element> such as three-dimen>~oi~:~l  
(3D) contour> , ~ n d  tlssue burled ~v l th in  s u l c ~  
( 19) .  Our  initial ,3pproach, ivhich used 
hlgh-resi>lutlon nl,~gnetic resonance imag- 
111g 'ivith both ?D linear saglttal measures 
aild 3D planar reconstructions, \\.as unable 
to delineate the often sul~tle anatomic land- 
~liarks that were other~vise ~~llmedlntelv ap- , . 
parent upon dlrect obaerx-ation of cadax-eric 
tls5~1es \vitli an  ~>per ,~t ing mlcl.oscope. 

A41t l~i~ugh a previous report (14)  stated 
that P T  and Heachl's gyrus landmark> were 
poorly iievelopeii and difficult to identify 111 

ch~mp,~n:ees, \ve did not flild t h ~ s  to be the 
case. In  fact. \ve determined these >tructure> 
to he rohustll- represented (Fig. 1 ) .  Homol- 
~>gy of the c111mpan:ee a d  human P T  1s 
supporteii at several levels lxsause this area 
hr3s heen s11on.n t c ~  sh,~re an,ltomlc, uosi- 
tional, cytoarchitectonic, ~ n d  coi~nectlonal 
ch,~racterlstics 111 both (2Q).  111 aililitio~l, 
man\- studies 111 nonhominoid prim,3tes 
sue11 as Old \Vorld monkey> >upport holnol- 
ogy of this region. It >eem> re,1son,3l~le to 
concluiie that the  P T  of great apes deviates 
llttle from this \ve l l - e s t ,~ l~ l~ahe  basal psi- 
mate p,3ttem. 

In  t l w  sample of 18 c11impan:ee brains, 
tlie P T  was larger 111 the left heml>phere 111 

17 hrains, or 94%. 111 the  15 br,3ins \vliere 
P T  surface area was q ~ ~ ~ ~ n t i f i e c i ,  the left P T  
a.as s lg i~ i f~ca~ l t ly  (P  < 9.001) larger than 
the right P T  (Fig. 2 and T ~ h l e  1) .  T h e  right 
P T  c o ~ ~ t a l ~ i e d  a >eparate pedlclecl gyru> 111 

t ~ v o  hraiiis. Conver>ely, the left P T  had a 
separate, strongly represente~l, peiiicleL1 gy- 
ru. in f~ r , e  hraiiis. Furtliermore. the left P T  
appeared better der,elope;l tliali tlie right 
aiid in five hi-,~in> slio\ved a pronounced 
globular s\velling that projecteil superiorly. 
Tlie c1iimpan:ee Heschl's gyrus homolog 
;11>c) >l~on.eci eviclence of a atrongly excavat- 
ed middle Heschl's ;~ilcu>. n.ir1ii1-i tlie con- 
fliie> of a sl~igle gyral pedlcle. predominant- 
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Fig. 1. With the SF spread open widely, Heschl's gyrus and sulcus (indicated by Hg and an asterisk, 
respectively) and the PT on the left and right posterior superior temporal gyri (STG) of the chimpanzee 
brain are clearly seen. SFa, ascending limb of the SF; SFd, descending limb of the SF; IP, inferior parietal 
lobule. Single-headed arrows demarcate the ridge at the point of diversion of the posterior PT and the 
SFd (79). 

ly in the right hemisphere. 
We have demonstrated that the PT ho- 

molog of chimpanzees is similar in anatomic 
pattern and left hemisphere size predomi- 
nance to the PT of humans. In humans, this 
region is widely believed to be a key func- 
tional substrate for language and other com- 
munication-related tasks ( 1-1 0). Because 
chimpanzees do not possess either a com- 
municative capacity remotely similar to 
that of human language or presumably any 
of the other functions and pathologies at- 
tributed to this region in humans, an alter- 
nate interpretation of the significance of 
this anatomical pattern is clearly necessary. 
In fact, there are several ways in which this 
finding might be interpreted. The most par- 
simonious assumption that may be made, 
however, is that the PT was already later- 
alized anatomically to the left hemisphere 
in the common ancestor of chim~anzees 
and humans about 8 million years ago. 
Within this evolutionarv scenario, howev- 
er, several distinct evolutionary hypotheses 
are embedded. 

First, that the asymmetric PT in the 
common ancestor was unrelated to lan- 
guage or communicative functions but later 
became coapted to subserve the unique 
form of human language. Conversely, the 
PT did not evolve a functional role in com- 
munication-related tasks in the chimpanzee 
lineage and is currently involved with some 
other function. 

Second, that the ancestral, asymmetric 
PT was involved with communication- 
related functions, which then followed dis- 
parate evolutionary trajectories during the 
subsequent differentiation of the chimpan- 
zee and human lineages. Because both of 
these discrete functional trajectories were 
founded on a communication-related basal 
neural framework, they gave rise to the 
unique and distinct forms of human and 
chimpanzee "language" over the subsequent 

8 million years. Within this hypothetical 
framework, chimpanzees would possess the 
neural substrate for "chimpanzee language," 
which may be mediated through use of a 
subtle "gestural-visual" mode we have yet to 
understand better (21 ). Many studies have 
supported this speculative notion based on 
the extraordinary and diverse cognitive 
abilities and purported prelinguistic capac- 
ity of chimpanzees (22). 

Third, it may be that the PT was never, 
and currently is not, related directly to lan- 
guage or communicative functions in either 
humans (23) or chimpanzees. Instead, the 
PT may be involved with yet to be under- 
stood or tangential functions that are also 
localized to the PT in the left hemisphere 
and that may even be common to both 
species. This latter interpretation would 
characterize the PT in humans, a brain 
region that current dogma mandates to be a 
key substrate for language and other related 
functions, as an epiphenomenon. 

It is less likely that the PT was sym- 
metric in the common ancestor of humans 
and chimpanzees and then became later- 
alized to the left hemisphere in both lin- 
eages independently, because this would 
involve homoplasy, that is, separate evo- 
lutionary processes acting in parallel. Fur- 
thermore, evidence from SF length in an- 
other living hominoid species, the orangu- 
tan, which may have shared a common 
ancestor with humans around 12 million 
years ago, also indicates that the PT was 
already asymmetric and lateralized to the 
left hemisphere at this much earlier time 
point (14). For this reason, it would be 
instructive to further characterize this re- 
gion in the closely related bonobo (Pan 
paniscus) as well as the other great apes 
and lesser apes. 

Regardless of its putative functional role 
in communication or language tasks, the 
anatomic substrate of the PT appears to 
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Fig. 2. Cortical surface area of the PT in left and 
right hemispheres of 15 chimpanzee brains, as 
measured by black plastic templates (79). Asterisk 
indicates right greater than left. 

have had a long evolutionary history within 
the cerebral cortex of at least hominoid 
primates. Whether the PT represents the 
functional substrate of a species-specific 
communication-related behavior in chim- 
panzees is currently not known. It has been 
suggested, however, that cognitive and 
communicative abilities may have co- 
evolved during hominid evolution (24). 
Within this theoretical framework, it seems 
reasonable to hypothesize that the PT 
(which was already asymmetric and likely 

Table 1. Surface area of the PT. The PT was 
significantly larger in the left hemisphere in 14 of 
15 brains quantified. Asterisk indicates right great- 
er than left. 

Specimen Left PT Right PT 
no. (mm2) (mm2) 

JH7 
YN95-115 
JM 2-5 
JHl 
YN95-4 
JH8 
YN92-115 
YN88-256 
J961 
JH5 
YN80-7 . 
YN97-139 
YN94-225 
F6-10 
YN77-111 
Average 
SD 
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Stabilization of Dendritic Arbor Structure 
in Vivo by CaMKll 

Gang-Yi Wu and Hollis T. Cline* 

Calcium-calmodulin-dependent protein kinase II (CaMKII) promotes the maturation of 
retinotectal glutamatergic synapses in Xenopus. Whether CaMKll activity also controls 
morphological maturation of optic tectal neurons was tested using in vivo time-lapse 
imaging of single neuronsover periods of up to 5 days. Dendritic arbor elaboration slows 
with maturation, i;? correlation with the onset of CaMKll expression. Elevating CaMKll 
activity in young neurons by viral expression of constitutively active CaMKll slowed 
dendritic growth to a rate comparable to that of mature neurons. CaMKII overexpression 
stabilized dendritic structure in more mature neurons, whereas CaMKll inhibition in- 
creased their dendritic growth. Thus, endogenous CaMKll activity limits dendritic growth 
and stabilizes dendrites, and it may act as an activity-dependent mediator of neuronal 
maturation. 

D u r i n g  brain development, neurons elab- 
orate complex dendritic arbors. This process 
is controlled by mechanisms that promote 
and limit n e ~ ~ r o n a l  growth (1) .  Because 
neuronal activitv and the  resultant calcium 
influx can decrease neurite extension (Z), 
activity may control dendricic growth by a 
calcium-mediated mechanism. 

Calcium-sensitive enzymes such as 
CaMKII can influence both neuronal 
growth (3) and synaptic efficacy (4); how- 
ever, it is not  clear whether these effects are 
coordinated. Because CaMKII is concen- 
trated In postsynaptic densities (5), ~71 th  a 

wide range of substrates including transmit- 
ter receptors, channel proteins, and cy- 
toskeletal proteins ( 6 ) ,  it could transduce 
input activity into coordinated changes in 
both neuronal growth and synaptic 
strength. CaMKII expression and subcellu- 
lar localization are developmentally regulat- 
ed (7, 8). Postsynaptic elevation of CaMKII 
activity influences development of presyn- 
aptic retinotectal axons (9)  and maturation 
of retinotectal synaptic responses (10).  
These findings suggest that CaMKII may 
coordinate the  development of synaptic 
physiology and neuronal morphology. 
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