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ABSTRACT
We have previously demonstrated that leftward asymmetry of the planum temporale

(PT), a brain language area, was not unique to humans since a similar condition is present
in great apes. Here we report on a related area in great apes, the planum parietale (PP). PP
in humans has a rightward asymmetry with no correlation to the L�R PT, which indicates
functional independence. The roles of the PT in human language are well known while PP is
implicated in dyslexia and communication disorders. Since posterior bifurcation of the syl-
vian fissure (SF) is unique to humans and great apes, we used it to determine characteristics
of its posterior ascending ramus, an indicator of the PP, in chimpanzee and orangutan brains.
Results showed a human-like pattern of R�L PP (P � 0.04) in chimpanzees with a nonsig-
nificant negative correlation of L�R PT vs. R�L PP (CC � �0.3; P � 0.39). In orangutans,
SF anatomy is more variable, although PP was nonsignificantly R�L in three of four brains
(P � 0.17). We have now demonstrated human-like hemispheric asymmetry of a second
language-related brain area in great apes. Our findings persuasively support an argument for
addition of a new component to the comparative neuroanatomic complex that defines brain
language or polymodal communication areas. PP strengthens the evolutionary links that
living great apes may offer to better understand the origins of these progressive parts of the
brain. Evidence mounts for the stable expression of a neural foundation for language in
species that we recently shared a common ancestor with. © 2005 Wiley-Liss, Inc.
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The evolutionary origin of human brain language areas
is an issue that has captured the interest of many groups
of scientists, in particular comparative and paleoneurolo-
gists, physical anthropologists, primatologists, linguists,
and paleolinguists. Some have addressed this subject by
studying the human fossil record to capture the only direct
evidence from human ancestors (Holloway, 1976, 1983;
Tobias, 1987; Tattersall, 2004). In this report, we have
used the comparative approach to assess the anatomic
representation of a newly described area of the brain, the
planum parietale, which is thought to be involved with
polymodal language functions in humans. First we will
briefly review current thinking of some key components in
the comparative functional anatomy armamentarium for
evolutionary origins of brain language areas, the sylvian
fissure, the planum temporale, and the planum parietale.

The comparative approach has proven to be a useful
complement to assess the expression and transition of key
neural elements within an evolutionary framework. Using
this approach, the expression of human-like features in
homologous brain regions of primates may indicate that a
precursor condition was present in a common ancestor
possibly many millions of years ago. However, the com-
parative approach also recognizes the fact that evolution
is based on the concept of a foundation that underlies a
subsequent species-specific and progressive building plan.
As such, homologous brain regions, although similarly
rooted, may have adapted differently to encompass the
unique form of the communication demands within other-
wise closely genetically related species.

At the higher cognitive level, the key research issues are
not related to whether complex vocal-auditory (V-A; spo-
ken-heard) or gestural-visual (G-V; gestured/signed/writ-
ten-seen) language is unique to humans since of course it
is. Evolutionarily, the seminal question, at least for homi-
noids, is when might the neural foundation have become
specialized to conduct lateralized higher-order associative
processing of V-A, G-V, or even polymodal communication.
This is particularly compelling since functional activation
of human brain language areas seems to be equipotential
across modalities (Emmorey et al., 2003).

A recent timely review and synthesis (Hauser et al.,
2002) dealt with these important issues by separating the
communicative repertoire of humans and nonhuman pri-
mates into two major categories, the faculty of language in
the broad sense (FLB) and the narrow sense (FLN) (see
also Pinker and Jackendoff, 2005). FLN alone was consid-
ered human-like since it involves recursive processes that
provide “the capacity to generate an infinite range of ex-
pressions from a finite set of elements,” which may per-
haps represent interpretations of Chomsky’s (1975) ear-
lier compelling theories of the language organ and
transformational grammar, in broader, more utilizable
comparative terms. More recently, a newly conceptualized
perspective on the human language organ was presented
(Anderson and Lightfoot, 2000). However, here we use the
standard Merriam-Webster dictionary definition of lan-
guage as “a systematic means of communicating ideas or
feelings by the use of conventionalized signs, sounds, ges-
tures, or marks having understood meanings” to charac-
terize primate communication within a broad comparative
perspective.

Anatomic asymmetries of human cerebrocortical struc-
tures that are related to language functions or disorders in
humans have long served as potential indicators of the

evolutionary foundation of neural specializations for com-
munication, or species-specific language in nonhuman pri-
mates. Here we have continued our comparative anatomic
analysis of brain language areas in representatives of
closely related nonhuman primates, the great apes. Ana-
tomic indicators of traditional human-like brain language
areas such as the sylvian fissure, Heschl’s gyrus, the areas
of Wernicke and Broca, and the plana temporale and
parietale may allow us to build a platform on which the
cross-specific neurobiological origins of language can be
logically reconstructed. As we review some of these ana-
tomic indicators and examples of the functions and disor-
ders that help characterize them in humans, the subse-
quent step to a comparative link is inherently speculative.
However, in many cases, new avenues of exploration such
as novel behavioral paradigms or utilization of functional
imaging (PET or MRI) in living nonhuman primates may
be strongly indicated to provide functional correlates of
anatomic homologs.

Sylvian Fissure
A wealth of information has been derived from reports

of the symmetry vs. asymmetry status of the sylvian fis-
sure that adjoins receptive brain language area homologs
in hominoids and other primates. As stated by LeMay
(1976): “The most striking and consistently present cere-
bral asymmetries found in adult and fetal brains are in
the region of the posterior end of the sylvian fissures—the
areas generally regarded as being of major importance in
language function.” A study of humans demonstrated that
sylvian fissure (SF) L�R asymmetry was present in al-
most 70% of brains (Rubens et al., 1976). This pronounced
asymmetry, although present in newborns (Witelson and
Pallie, 1973), becomes progressively pronounced through
adolescence to adulthood and may be related to later ex-
pression of cognitive advancements during maturation
(Sowell et al., 2002). This developmental occurrence has
yet to be studied in great apes. One of the earliest com-
parative studies of the cerebral cortex of great apes and
New and Old World monkeys showed no consistent pat-
tern of SF asymmetry in apes where it was longer on the
right in orangutans but on the left in chimpanzees (Cun-
ningham, 1892). Another comparative report demon-
strated that although humans showed marked leftward
asymmetry of the SF, chimpanzees did also but to a lesser
degree, whereas macaques showed no asymmetry (Yeni-
Komshian and Benson, 1976). Similarly, it was reported
that this condition was present in great apes, particularly
common in orangutans and not surprisingly also in “fossil
man” (LeMay, 1976). Our more recent studies of the syl-
vian fissure and the planum temporale (PT) area homolog
(area Tpt) in two species of Old World monkeys showed
that although there were no asymmetries at the gross
anatomic level that would indicate leftward predominance
of the homolog, there were significant L�R asymmetries
and heterogeneity at the cytoarchitectonic level (Gannon
et al., 1999, 2001a, 2001b; Kheck et al., 2000).

It is well accepted that in humans the left SF courses
more posteriorly and along a continuous horizontal trajec-
tory than the right, which turns to course in a superior-
posterior direction. This pattern occurs predominantly in
right-handed humans who are left hemisphere-dominant
for language functions. Further, it is also accepted that in
these individuals the asymmetric configuration of the SF
is due to the pronounced leftward asymmetry of the hor-
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izontally oriented planum temporale language area. How-
ever, only recently has the significance of the superior-
posterior course of the right SF been directly associated
with rightward asymmetry of the planum parietale
(Jäncke et al., 1994).

In humans, the sylvian fissure usually bifurcates poste-
riorly at the level of the sylvian point (SyP), the posterior
conclusion of the horizontal portion. This bifurcation
marks the origin of the posterior ascending ramus of the
sylvian fissure (parSF) and several key studies have char-
acterized the complexity of variation within this human
morphologic trait and arrived at distinct classification sys-
tems. For example, Witelson and Kigar (1992) classified
them as the S1 (parSF)/S2 (pdrSF) types while Ide et al.
(1996) described combinations of these variants as the
superior, inferior, symmetric, and inverted conditions.
Steinmetz et al. (1990) named the variants type I, II, III,
and IV based on the expression or absence of the two
posterior horizontal and ascending rami and their associ-
ation with other sulci such as the inferior postcentral
sulcus (POCS): in type I, the parSF ascends posterior to
the POCS; in type II, the parSF is absent so only the
horizontal limb of the sylvian fissure (hlSF) is present;
type III shows an additional sulcus interposed between
the POCS and parSF, which creates an extra small gyrus;
in type IV, the parSF is continuous with the postcentral
sulcus (such that the supramarginal gyrus is absent). We
have amalgamated these nomenclatures to distinguish
variation in ape brains but primarily used that of Stein-
metz et al. (1990). It is important to note that the posterior
bifurcation of the SF (with the parSf and pdrSF) is unique
to humans and the great apes and is not present in lesser
apes or any other primate species where the horizontal
limb of the sylvian fissure (hlSF), with no exception within
normal variation, terminates at the sylvian point (SyP)
(Gannon et al., 2001a, 2001b).

Supporting the concept of a comparative continuation in
the anatomic signature for the PT and planum parietale
(PP), Witelson and Kigar (1992) noted that the parSF was
continuous with the hlSF and not the posterior descending
ramus of the SF (pdrSF). The pdrSF was reported to be
more diffuse in its association with the SF since it was not
expressed as robustly as the parSF deep to the surface.
Accordingly, only the parSF was defined as the de facto
terminus of the SF. In a later report by Witelson et al.
(1995) of the cytoarchitectonic signature of the language
area PT (Brodmann’s area 22 and area Tpt) (Galaburda et
al., 1978a, 1978b; Galaburda and Sanides, 1980), it was
also demonstrated that PP showed a similar cytoarchitec-
tonic signature. These findings indicated that anatomical
definitions of the PT should include the posterior vertical
wall of the superior temporal gyrus (PP). However, this
position prompts a seminal question: Does equivalence of
cellular anatomy necessarily translate to functionality
within and/or between hemispheres?

Planum Temporale
Since the classic report by Geschwind and Levitsky

(1968), the planum temporale was placed prominently
into the mainstream of asymmetric brain areas related to
language functions. These authors state upfront: “It is
generally accepted that the preponderance of the human
left hemisphere in speech functions is not associated with
significant structural differences between the two halves
of the brain” (cited by them from: von Bonin, 1962). Al-

though functional lateralization has been well known for
more than a century by aphasiology approaches, the PT
serves as an anatomic model of the brains’ adaptive and
progressive fine-tuning of functional lateralization.

Studies have now demonstrated unequivocally that left-
ward asymmetry of the planum temporale is not unique to
humans and is in fact evident in all the great apes (Gan-
non et al., 1998, 2001a; Hopkins et al., 1998). However,
these comparative reports did and should not change our
understanding of the role of this purported language area
in humans. Instead, they simply grounded evolutionary
interpretations and allowed for broader and more progres-
sive perspectives to be developed. For example, a consid-
erable part of the diversity across reports on the role of PT
in language functions may be related to the wide variation
of language tasks that are presented, and that “hemi-
spheric specialization for language is multidimensional”
(Josse and Tzourio-Mazoyer, 2004). Although such a mul-
tidimension has yet to be fully characterized, it may well
also involve a role for the PP that is just beginning to
become integrated within the framework of a functional
mosaic along with the PT and beyond. It is always pro-
ductive to integrate historic gems to broaden a compara-
tive approach since, as Darwin (1871: p. 133) had stated,
“Primeval man, or rather some early progenitor of man,
probably first used his voice in producing true musical
cadences, that is in singing.”

Planum Parietale
The planum parietale is located within the supramar-

ginal gyrus (Brodmann’s area 40, or area supramargina-
lis), a parietal cortex association area that loops around
the posterior ascending ramus of the sylvian fissure
(parSF). The PP is bounded by the interparietal, inferior
postcentral, and posterior subcentral sulci and Wernicke’s
area (in part, Brodmann’s area 22). In general, subcom-
ponents of these regions, perhaps along with components
of the angular gyrus, may be involved with down-the-line
processing of receptive language functions and the neural
substrate of disorders such as dyslexia. Although the su-
pramarginal gyrus is relatively well known, the PP sub-
region was only recently described and recognized as an
independent entity (Jäncke et al., 1994). It was defined as
being the “cortex covering the posterior wall of the poste-
rior ascending sylvian ramus.” In this in vivo magnetic
resonance imaging morphometric analysis of 141 mixed-
sex and mixed-handedness adults, the PP (as demarcated
by the length of the parSF) was shown to be significantly
and markedly lateralized anatomically to the right hemi-
sphere with no overt correlation to handedness or sex.
However, in combination PP showed a more marked right-
ward asymmetry in both right-handed males and left-
handed females (Jäncke et al., 1994). Interestingly, the
nonsignificant correlation between hemispheric asymme-
tries of the PT (L�R) and PP (R�L) suggested indepen-
dent involvement of PP with unique cognitive processes
that are lateralized both anatomically and functionally to
the right hemisphere.

Recently, Lattner et al. (2005) reported a role for the PP
region bilaterally (as a distinct functional subunit of re-
ceptive language areas), along with the more classic pos-
terior parts of the superior temporal gyrus, that is in-
volved with processing voice spectral information,
specifically that of female voices. The finding not only
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support a new understanding of right hemisphere regions
in language perception dynamics that were not previously
recognized but may indicate a comparative behavior ap-
proach perhaps related to the tonal nature of primate
vocalizations. This finding is also reminiscent of the often
forgotten homotype of Broca’s language area on the right
hemisphere and the importance of its communicative role
in prosody and beyond (Friederici and Alter, 2004; Mitch-
ell and Crow, 2005). Like any newly designated brain
area, it will take a greater body of evidence for PP to
become established, but it is gaining recognition and is
being integrated into the literature where it is often re-
ferred to as the “so-called planum parietale” (Emmorey et
al., 2003).

Dyslexia Within Context of Plana Parietale and
Temporale

Many studies in humans have attempted to identify the
functional localization of neural substrates that underlie
reading and disorders such as dyslexia. It has been con-
sidered that hemispheric symmetry of PT and PP may
serve as indicators of developmental language and read-
ing disorders. For example, Galaburda et al. (1985) re-
ported an unusual symmetry (vs. the normal L�R asym-
metry) of the planum temporale (PT) in four young males
with developmental dyslexia. A similar report of 19 teen-
age dyslexics using MRI demonstrated 70% symmetry of
PT in dyslexics vs. 30% in controls (Larsen et al., 1990). In
contrast, more recently it was shown that significantly
fewer dyslexics showed a rightward asymmetry of the PP
while PT L�R asymmetry and dichotic listening parame-
ters were similar (Heiervang et al., 2000).

By use of a comparative approach, it is essential to
consider how any morphological similarities between hu-
mans and great apes may be interpreted within a func-
tional evolutionary background. This would require that
the different counterparts within a complex disorder such
as dyslexia be translated within the parlance of behavioral
homology. For example, interpretations such as connect-
ing the origins of language (Crow, 1997, 2000), the theory
of mind (Brune, 2005), and the mirror system hypothesis
(Arbib and Mundhenk, 2005) to schizophrenia and a
“symptom-based approach to psychotic disorders in evolu-
tionary perspective” (Brune, 2004) have endeavored to do
this. Since the planum parietale may well represent a new
component of this ongoing (anatomic vs. functional role/
deficits) debate, it may be the right time for a comparative
framework to be set in place.

MATERIALS AND METHODS
Morphologic characteristics of the SF, PP, and PT were

studied in the left and right cerebral hemispheres of post-
mortem immersion-fixed brains of chimpanzees, Pan trog-
lodytes (n � 23), and orangutans, Pongo pygmaeus (n � 4).
Specimens were from collections at Columbia University
and the Smithsonian Institution and originated from both
captive-born and wild-caught individuals. In all cases,
postmortem intervals prior to fixation were less than 24 hr
with refrigeration. Reliable information about sex and age
was not available for approximately half our sample,
which precluded statistical correlation of sex or age with
interhemispheric expression of SF bifurcation patterns
and lengths of SF segments.

Linear measures of SF subcomponents were traced pre-
cisely by hand with thick black braided silk suture mate-

rial (“0 Ethicon”) as sulcal contours along the external
surface of the cerebral cortex. This material allowed for
reliable capture of the sulci along a three-dimensional
winding course with a minimum of stretching when
straightened to obtain a linear measure. The black color
also allowed easy identification for reliable alignment
with critical landmarks. Three of us (P.J.G., N.M.K., and
R.L.H.) were involved with active discussion to determine
the validity of gross anatomic landmarks under direct
observation. This hands-on observation and measurement
approach in intact brains allowed the critical issue of
three-dimensional variation (of which there is a consider-
able degree present in apes as there is in humans) to be
taken into account. Similar to that used for our planar
area model of the planum temporale (Gannon et al., 1998),
in which we utilized a reliable but simple new method that
intimately apposed very thin black plastic templates onto
the PT and deep into sulci, we were able to achieve reli-
ably a median scientific prediction of anatomical land-
marks.

The sylvian point (SyP) located at the most posterior
boundary of the horizontal limb of the SF (hlSF) was
demarcated by lightly pushing together the superior tem-
poral, inferior parietal (supramarginal), and angular gyri
so that the complex became aligned as in life. Although
not always necessary, this approach allowed for the re-
alignment of tissues that had undergone some shrinkage
due to fixation. The location of the SyP was determined as
the midpoint of the fissural/sulcal, offset “—�,” formed by
the posterior ascending ramus of SF (parSF), posterior
descending ramus of SF (pdrSF), and the hlSF. If either
parSF or pdrSF was not present, the midpoint of an up-
right or inverted “L” with the hlSF was used to assign its
location (Figs. 1 and 2).

The length along the cortical surface of parSF and
pdrSF from the SyP was determined. Since the distal
terminations of these rami were often graded and shallow,
a new method was used to capture reliably the exact
location of these critical endpoints. A focused beam of
light, shone at right angles to the ramus and parallel to
the cortical surface of the brain, created a sharp dark
shadow that clearly indicated a precise repeatable end-
point. After lightly straightening the suture material, lin-
ear measures were completed using metric calipers. Two
of us (P.J.G. and N.M.K.) conducted this method 10 times,
independently and blinded, to arrive at an acceptable
margin of error less than 0.5%. Statistical analyses in-
cluded ANOVA, paired t-tests, Pearson product moment
correlation, and Fisher’s r-to-z analysis.

To compare the dimensions of the PT with that of parSF
and pdrSF, data that were not used for the original study
of PT (Gannon et al., 1998) were used here to correlate
expression of these variables. The original PT data used
for that study were deep to the brain surface area mea-
sures. Here we used linear data collected by a method
similar to that used in the first description of PT asym-
metry by Geschwind and Levitsky (1968). Our version of
this method involved collecting direct linear measures
(using metric calipers) of the lateral margin of PT (on the
cortical surface), extending from Heschl’s sulcus anteri-
orly and the SyP posteriorly within the anatomical bound-
aries rules defined in Gannon et al. (1998). To normalize
data for one part of correlation analysis, we transformed
independent left and right hemisphere values to percent-
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Fig. 1. Left (top) and right (bottom) hemispheres of chimpanzee (Pan
troglodytes) brain. Although the legendary sign-using chimpanzee
Washoe is looking over the figure, this is not her brain. This Grand
PanDam is very much alive and well and at age 49 is still teaching Roger
and Deborah Fouts at the Central Washington University’s Chimpanzee
and Human Communication Institute on how to conduct interspecific
communication. AG, angular gyrus; CS, central sulcus; cm, centimeters;
G-V, gestural-visual communication; HG, Heschl’s gyrus; hlSF, horizon-

tal limb of the sylvian fissure (lateral fissure); IP, inferior parietal gyrus; L,
left hemisphere; PCS, postcentral sulcus; parSF, posterior ascending
ramus (limb) of the sylvian fissure; pdrSF, posterior descending ramus
(limb) of the sylvian fissure; PP, planum parietale; PT, planum temporale;
R, right hemisphere; SF, sylvian fissure (lateral fissure); SMG, supramar-
ginal gyrus; SyP, sylvian point; STG, superior temporal gyrus; V-A,
vocal-auditory communication.



Fig. 2. Left (top) and right (bottom) hemispheres of an orangutan
(Pongo pygmaeus) brain. The male orangutan Kiko, a celebrity of the
Language Project at the Smithsonian National Zoological Park, serves as

an example of a great ape that crossed hominoid species literacy bound-
aries. He uses keyboard symbols to communicate with humans. This is
not his brain.



ages of combined left plus right values, e.g., L% � L/(L �
R); R% � R/(L � R).

RESULTS
We have demonstrated for the first time multifactorial

associations between different components of the posterior
sylvian fissure that serve as indicators of the PP and PT in
both a large sample and a subsample of chimpanzees (n �
23 and 11, respectively) and a representative preliminary
sample of orangutans (n � 4).

Posterior Rami of Sylvian Fissure
The morphology and the pattern of distribution of the

posterior ascending and descending rami of the sylvian
fissure (parSF, pdrSF) were similar to patterns described
previously for humans. The variant most frequently ob-
served, in 74% of right and left hemispheres of chimpan-
zee brains, was the inverted pattern (Ide et al., 1996), in
which the parSF is oriented in an anterosuperior direction
(Fig. 3a, b, d, and f).

Posterior Ascending Ramus of Sylvian Fissure

Chimpanzees. In our assessment of the 23 chimpan-
zee brains, the length of the parSF (an anatomic indicator
of the hemispheric size of the PP) was significantly larger
in the right hemisphere (P � 0.036; means, left � 5.4 �
2.9; right � 7.3 � 2.7 mm; Table 1). Considered sepa-
rately, 14 of 23 chimpanzee brains that had an R�L parSF

showed a mean length of 7.75 � 12.15 mm, whereas the 9
brains that had an L�R parSF showed a considerably
smaller mean length of 3.81 � 7.45. Similarly, 3 of the 14
R�L parSF brains were 23.3, 27.8, and 37.5 times R�L,
whereas only 1 of the 9 L�R parSF brains showed such a
large value as 23.7 times L�R.

Orangutans. On the four orangutan brains, rami of
the posterior sylvian fissure showed more varied bifurca-
tion patterns than that observed in the chimpanzee brains
(Fig. 4). However, within this variation, all four of the
patterns previously described in humans were observed
(Ide et al., 1996) in addition to one in which the left parSF
was absent, and although the groove of a cerebral artery
branch had the appearance of parSF, it was very shallow
and unambiguously not a true sulcus (Fig. 4c).

The length of the parSF was nonsignificantly larger on
the right hemisphere of orangutan brains (P � 0.17;
means, left � 6.5 � 4.4; right � 9.6 � 3.0 mm; Table 1).
This was not surprising since there was considerable vari-
ance of parSF on the left (19.7) vs. the right (8.8) hemi-
sphere. For example, on one of the three R�L brains, the
left parSF was extremely small, at 0.15 mm, with the right
side being 6.9 mm. Conversely, the parSF of one brain was
20% L�R.

Posterior Descending Ramus of Sylvian Fissure
This region of the temporoparietal junction served as an

objective control since in humans it is not directly related
to lateralized language functions like PT and PP and is
dissimilar in cytoarchitecture.

Chimpanzees. The pdrSF was not significantly larger
on the left or right hemisphere of the 23 chimpanzee
brains (P � 0.55; means, left � 9.02 � 4.24; right � 9.44 �
2.94 mm). However, a subjective trend toward rightward
asymmetry was evident since 11 brains that showed an
R�L pdrSF were 7.26 � 13.8 times larger vs. 11 L�R
pdrSF brains that were 1.3 � 0.26 times larger.

Fig. 4. Examples of variation within the posterior region of the sylvian
fissure in orangutan brains. a and c are left hemispheres; b and d are
right hemispheres. Unlike the chimpanzee, a pronounced inverted pat-
tern of the parSF was not evident and was absent on the left hemisphere
of one brain (c). White asterisk shows the position of the sylvian point.

Fig. 3. Examples of variation within the posterior region of the sylvian
fissure in six different chimpanzee brains. a, c, and e are left hemi-
spheres; b, d, and f are right hemispheres. The inverted pattern (Ide et
al., 1996), in which the parSF is oriented in an anterosuperior direction (a,
b, d, and f), was the most common. White asterisk shows the position of
the sylvian point.
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Orangutans. The length of the pdrSF was signifi-
cantly larger on the left hemisphere of orangutan brains
(P � 0.007; means, left � 7.6 � 2.2; right � 4.7 � 1.6 mm;
Table 1). There was similar but overall low levels of vari-
ance in the size of the left and right pdrSF (VAR left � 4.7;
right � 2.7; � 1.8 times L�R) compared to the parSF
(VAR left � 19.7; right � 8.8; � 2.2 times L�R). Although
compelling, the small sample size can only serve as an
indicator.

In order to determine any leveling effect or indepen-
dence of the ascending and descending rami in chimpan-
zees, a hemispheric summation analysis was conducted
(where left summed rami of SF is L arSF � L drSF �
LsrSF, and right summed rami of SF is R arSF � R
drSF � RsrSF). Results showed a significant rightward
asymmetry of srSF (P � 0.03) by use of a paired two-
sample for means t-test, and a strong trend to rightward
asymmetry of srSF (P � 0.09) by use of a two-sample
assuming equal variances t-test. See below for correlation
analysis.

Planum Temporale in Chimpanzees

A complementary subsample (n � 11) of the chimpanzee
brains used in a previous study (Gannon et al., 1998) was
aligned with current data. However, instead of using the
area measures of PT that were generated for the previous
study (which would have been statistically inappropriate),
new linear measures of the PT were gathered in order to
compare these statistically with the new linear measures
of the parSF (PP indicator).

The new linear values for the hemispheric dimensions of
the PT showed a significant left hemisphere predominant
size (length) asymmetry (P � 0.2�5; means, left � 6.43 �
1.6; right � 3.28 � 1.6 mm; Table 2).

In order to determine whether a combination of the
separate asymmetries gives rise to a leveling effect in
chimpanzees similar to that reported for humans, we com-
pared these via the total planar area (TPA) summing
approach (L-PT � L-PP � LTPA vs. R-PT � R-PP �
R-TPA) used by Heiervang et al. (2000). We demonstrated

TABLE 1. Length of posterior ascending and descending rami of sylvian fissure in chimpanzees and
orangutans

CHIMPANZEES

Posterior ascending ramus SF, mm Posterior descending ramus SF, mm

LEFT RIGHT L � R R � L LEFT RIGHT L � R R � L

JH1 9.8 8.5 1.15 0.2 4.6 23.00
JH4 6.2 10.1 1.63 4.7 7.8 1.66
YN88-256 6.6 10.2 1.55 10.1 12.1 1.20
YN97-139 8.3 6.3 1.32 12.5 8.8 1.42
YN95-60 8.1 8.5 1.05 7.2 11.3 1.57
BOD-25 0.4 11.1 27.75 9 4.6 1.96
YN92-111 3.5 9.1 2.60 6.7 11.5 1.72
JH-5 3.1 8.2 2.65 7.7 8.6 1.12
YN95-4 6.1 2.8 2.18 10.3 8.4 1.23
JH6 5.4 4.8 1.13 10.8 7 1.54
JH7 2.9 4.6 1.59 0.15 6.6 44.00
JH8 9.1 7.5 1.21 13.8 13.8
YN92-115 2.8 6.8 2.43 8.8 6.6 1.33
YN92-264 7.1 0.3 23.67 7 9.1 1.30
J961 4.9 7.9 1.61 6 9.4 1.57
YN80-7 6 4.5 1.33 9.1 8.5 1.07
YN94-225 3.4 5 1.47 6.9 6.1 1.13
F610[JH2] 8.1 7 1.16 11 9.1 1.21
PTT-0[95-9] 8.9 7.9 1.13 7.1 10.3 1.45
PTT-1 0.3 7 23.33 17.1 14.9 1.15
PTT-7 0.2 7.5 37.50 16.1 10.9 1.48
PTT-12 6.7 11.3 1.69 13.5 12.1 1.12
PTT-16 6.2 10.2 1.65 11.8 15 1.27

Average 5.40 7.27 3.81 7.75 9.02 9.44 1.33 7.26
StDev 2.87 2.70 7.45 12.15 4.24 2.94 0.26 13.80
n� 23 9 14 23 11 11

ORANGUTANS

YN93-312 9.5 7.9 1.20 7.90 5.70 1.39
YN93-345 9.6 13.6 1.42 4.90 2.40 2.04
YN93-216 0.15 6.9 46.00 7.50 4.50 1.67
YN89-200 6.7 10.1 1.51 10.20 6.00 1.70

Average 6.49 9.63 16.31 7.63 4.65 1.70
StDev 4.43 2.97 25.71 2.17 1.63 0.27
n� 4 1 3 4 4 0

Linear measurements in chimpanzee (n � 23) and orangutan (n � 4) brains of the length of the posterior ascending rami (an
indicator of the planum parietale - PP) and posterior descending rami of the sylvian fissure (parSF, pdrSAF). Descriptive
statistics show R � L versus L � R hemispheric size distribution of measures. See key for legend and figures 5 and 6.
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a nonsignificant but strong trend towards an L�R asym-
metry of the TPA measure (P � 0.06) with left TPA sum of
137.3 mm and mean of 12.5 � 2.9 mm, with right TPA
sum of 113 mm and mean of 10.3 � 2.2 mm. This finding
was similar to the significant leftward asymmetry of TPA
shown in both dyslexic and control children (Heiervang et
al., 2000).

We also conducted an interhemispheric analysis of dif-
ferences of an intrahemispheric summation of the parSF
and pdrSF (left arSF � drSF vs. right arSF � drSF) to
determine if there was any indication of an anatomic
dominance effect. There was a significant rightward asym-
metry of this compounded measure (P � 0.03; means,
left � 14.4 mm, SE � 0.96; right � 16.7 mm, SE � 0.93).

Correlation Analyses in Chimpanzees
It has been considered by some that PP and PT are

analogous functional/anatomic units across the left and
right hemispheres of humans (Witelson and Kigar, 1992),
although a correlative analysis by other workers showed a
different trend (Jäncke et al., 1994). The first position
might render hemispheric asymmetry of the PT and PP a
potentially redundant issue since their separate but pur-

portedly combined hemispheric asymmetries would result
in combinatorial hemispheric symmetry. As such, it is
necessary to determine whether this might be the case in
apes since, not surprisingly, indicators of a similar hu-
man-like pattern of asymmetries of PT (L�R) and PP
(R�L) are emerging within our study. All correlations
were conducted on data modified to percentages of relative
hemispheric size. Due to the small sample size, correlation
analyses were not conducted in orangutans.

Correlation of parSF and pdrSF
Correlation analyses of the two posterior rami of the

sylvian fissure were conducted in chimpanzees within the
large sample size (n � 23). A similar analysis of these was
made within a smaller sample size (n � 11) of chimpan-
zees that also included the PT.

There was a nonsignificant negative correlation be-
tween the size of the left and right parSF (CC � �0.04;
P � 0.84), which complemented results of the t-test that
indicated a significant rightward asymmetry of the parSF
(P � 0.036). There was a significant positive association
(CC � 0.63; P � 0.001) between the right and left pdrSF.
This correlate complemented the t-test that indicated
hemispheric symmetry of the pdrSF (P � 0.55).

Correlation of parSF and PT
Correlation analyses of linear measures of the left and

right posterior ascending rami of the sylvian fissure
(parSF-L and parSF-R) and lateral linear measures of the
left and right planum temporale (PT-L/R) were conducted
in the smaller subsample of chimpanzee brains that were
used for a previous study of PT (n � 11; Table 3) (Gannon
et al., 1998).

There was a nonsignificant negative association (CC �
�0.3; P � 0.4) between the left PT and the right parSF.
Interestingly, there was also a similar level of nonsignif-
icant negative association (CC � �0.3; P � 0.4) between
the right PT and the left parSF.

There was a nonsignificant positive association between
the left and right PT (CC � 0.3; P � 0.4), which supported
the t-test that indicated this relationship to be signifi-
cantly leftward asymmetric (P � 0.2�5).

An unexpected and interesting correlation was that of
the left PT vs. the left parSF and the right PT vs. the right
parSF. Both hemispheres showed a highly significant as-
sociation (P � 0.001, both), the left being negative at �1.0
and the right being positive at 1.0.

DISCUSSION
Our new findings reported here persuasively support a

contention for the incorporation of a new component to
balance the comparative neuroanatomic complex that de-
fines brain language areas. PP contributes to strengthen-
ing the evolutionary links that living great apes may offer
to better understand the origins of these highly progres-
sive parts of the brain. A similar recent report by Sher-
wood et al. (2003), which studied variation and expression
of asymmetry in the homolog of Broca’s area in chimpan-
zees and gorillas, concluded that “gross morphologic pat-
terns do not offer substantive landmarks for the measure-
ment of Brodmann’s area 44 in great apes. Whether or not
Broca’s area homologue of great apes exhibits human-like
asymmetry can only be resolved through further analyses
of microstructural components.”

Fig. 5. Chart shows in chimpanzee brains (n � 23) the distribution of
left (upper right bars; n � 14) vs. right (lower left bars; n � 9) relative
lengths of the posterior ascending rami of the sylvian fissure (parSF),
which serve as an indicator of the size of the PP. Largest L�R (YN92-
264; off-scale lower left) is 23.7 times larger, whereas the three R�L
(PTT-1, BOD-25, and PTT-7; off-scale upper right) are 37.5, 27.8, and
23.3 times larger. See Table 1 for data.



This does not appear to be the case for comparative
consideration of R�L hemispheric asymmetry of the PP, a
newly described human language area (Jäncke et al.,
1994). Similar to our report of human-like anatomy of the
planum temporale (PT) in living chimpanzees (Gannon et
al., 1998), there are numerous overtly human-like ana-
tomic features that clearly delineate the PP and its mag-
nitude of rightward asymmetry in chimpanzees and oran-
gutans (see Figures 5 and 6).

The exact nature of a functional homolog of the PT,
regardless of how well the anatomy or role of this brain
language area may be understood in humans, offers a
challenge due to the dearth of comparative and functional
information. Consideration of a functional homolog of PP

is even more difficult despite the compelling evidence for
its role as part of a broad neural complex that subserves
language functions in humans and its robust, rightward
lateralized presence in great apes.

The vanguard of the PP, Jäncke (2005) offered these
personal communication comments to our study. “The pla-
num parietale is a tricky anatomical region. In most sub-
jects it covers the supramarginal gyrus; thus, classical
functions associated with that region may be related to the
PP. For example, the ventral part of the left PP might
house neural assemblies processing higher auditory func-
tions (maybe for language issues). It may also project into
other parts of the parietal cortex to subserve spatial func-
tions as part of the dorsal stream in the auditory system.

Fig. 6. Chart shows in chimpanzee brains (n � 23) the distribution of, on the left (light bars) vs. right (dark
bars) hemispheres, absolute lengths (mm) of the posterior ascending rami of the sylvian fissure (parSF) sorted
by lengths of the right parSF.

TABLE 2. Measures (mm) of length of chimpanzee planum temporale and posterior sylvian fissure rami

Specimen PT-L parSF-L pdrSF-L PT-R parSF-R pdrSF-R

YN97-139 8.06 9.80 0.20 1.50 8.50 4.60
JH5 9.13 3.10 7.70 2.47 8.20 8.60
JH-1 5.19 9.80 0.20 2.08 8.50 4.60
YN92-115 5.65 2.80 8.80 2.62 6.80 6.60
YN88-256 7.63 6.60 10.10 3.56 10.20 12.10
JH-8 5.53 9.10 13.80 2.58 7.50 13.80
J961 8.01 4.90 6.00 4.02 7.90 9.40
F6-10 5.27 8.10 11.00 2.72 7.00 9.10
YN95-4 4.00 6.10 10.30 2.34 2.80 8.40
JH7 6.22 2.90 0.15 4.87 4.60 6.60
YN94-225 6.03 3.40 6.90 7.27 5.00 6.10

Mean 6.43 6.05 6.83 3.28 7.00 8.17
Stdev 1.56 2.82 4.76 1.63 2.11 2.91

Linear measurements in chimpanzee brains (n � 11) of the length of the lateral border of the planum temporale, the parSF
and the pdrSF on the left and right hemispheres.
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Maybe on the right there are more spatial functions in the
PP. The more dorsal parts of the PP are clearly associated
with several spatial functions. For example, the most dor-
sal part of the PP borders the intraparietal sulcus, which
is strongly involved in visuomotor transformations. Al-
though one can discuss a lot about the putative functions
of the PP, a lot is fragmentary.” Clearly, much research
needs to be conducted on this new entity to characterize
its role within the broad functional mosaic of human and
great ape language. However, due to the nature of the
anatomic and functional information that has already
been published, a potential role of the PP in the human
disorders of developmental dyslexia, language develop-
ment, and visual attention, a plausible and cohesive char-
acterization of this complex region is slowly emerging.
Collectively, these results warrant inclusion of PP into the
complex mosaic of lateralized language areas and thus
provide a basis for studying these areas within a compar-
ative evolutionary context.

DATA AND RESULTS: ENIGMAS AND
CHALLENGES

A previous comparative anatomy report of the planum
temporale in the great and lesser apes showed a progres-
sive trend (meaning “human-like” here) of anatomic char-
acteristics and leftward asymmetry in tandem with diver-
gence from common ancestors (Gannon et al., 2001a).
Lesser apes, particularly siamangs, showed a PT that was
indistinguishable anatomically from the condition seen in
Old World monkeys. Here we focused on representatives
of the two ends of the great ape spectrum (meaning the
period of evolutionary divergence from shared common
ancestors with humans), chimpanzees and orangutans.
Preliminary results in orangutans serve here as an indi-
cator of the evolutionary depth of PP expression since it
appears that its comparative anatomic expression may
follow an evolutionary trajectory that is similar to that we
described for the PT.

Chimpanzee Planum Temporale
For this study, we made new linear cortical surface

measures of the PT in order to correlate interhemispheric
expression with those of the PP. Although this approach
was similar to the earliest report of PT leftward asymme-
try in humans (Geschwind and Levitsky, 1968), our pre-
vious approach used a planar template approach to cap-
ture the total surface of the PT.

These new linear measures of the PT arrived at a sig-
nificance value of hemispheric asymmetry two levels of
magnitude beyond that provided by the area values (Gan-
non et al., 1998) previously captured in the same speci-

mens (P � 2.3�5 for linear vs. 1.0�3 for area measures),
even though the sample size was smaller (n � 11 vs. 15).
Further, many of the individual hemispheric difference
values were markedly distinct. For example, for specimen
YN97-139, the PT area measure indicated a 2.5 times
L�R value, whereas the PT linear measure of this speci-
men indicated more than double this L�R value at 5.4
times. Similarly, in specimen JH5, the PT area measure
indicated an L�R value of 1.6 times, whereas the PT
linear measure indicated more than double at 3.8 times.
This higher level of magnitude for differences in hemi-
spheric asymmetry was unexpected; however, since the
original area measures could not be used to correlate with
linear measures of parSF (PP), the method was standard-
ized for this study.

In light of these new data, perhaps Crow (2004) might
consider modification of his widely discussed, Web-pub-
lished lecture (http://www.ling.ed.ac.uk/evolang/2004/AB-
STRACTS/TALKS/crow.doc) in which he states that “in
one study (Gannon et al., 1998) lateralization of the pla-
num temporale was reported in 17 out of 18 chimpanzees
by a method (inserting cardboard triangles into the lateral
sulcus) that clearly was not blind and is unlikely to have
detected the asymmetry rediscovered by Geschwind and
Levitsky in 1968. Yet chimpanzees were found to be more
lateralized than Man!” First, we never used the crude
method of cardboard triangles that Crow (2004) reported.
Second, it would be nice to hear from Crow (2004) how
blinding could be put into place for studies such as these
where difficult decisions regarding expression and varia-
tion of the structures involved need to be made by open
pragmatic discussion during measurement; blinded indi-
vidual/s could not realize this critical step (see paragraph
2, Materials and Methods section). Furthermore, the clas-
sic study by Geschwind and Levitsky (1968) was certainly
not blinded. Third, we have now shown that the lateral
linear measure of PT method, used by Geschwind and
Levitsky (1968), showed an even greater magnitude of
L�R asymmetry of the PT when used in our chimpanzee
sample. Perhaps a more plausible conclusion would be
that PT asymmetry was reduced by neurological modifi-
cation in line with a common theme of selective pruning
and refinement of neural circuits as an evolutionary mech-
anism similar to normal development (Chechik et al.,
1998).

For the area and linear measure comparisons, the con-
ditions of scientific and statistical significance were met
independently. However, a lesson to be learned from these
findings is that a multiplicity of methods, measures, and
landmarks used to describe and interpret the expression
of anatomic variation and hemispheric asymmetry for

TABLE 3. Correlation matrix of chimpanzee planum temporale and posterior sylvian fissure rami

PT-L parSF-L pdrSF-L rSFtot-L PT-R parSF-R pdrSF-R rSFtot-R

PT-L 1.00
parSF-L �0.27 1.00
pdrSF-L 0.04 0.29 1.00
rSFtot-L 0.32 0.83 0.31 1.00
PT-R 0.00 �0.55 �0.34 �0.54 1.00
parSF-R 0.52 0.29 0.04 0.59 �0.24 1.00
pdrSF-R 0.22 0.32 0.72 0.44 �0.22 0.35 1.00
rSFtot-R 0.47 �0.13 �0.20 0.15 0.49 0.73 0.16 1.00
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structures such as the PT and PP must account for con-
founding variables. Critical issues such as these were
discussed in a recent review of the PT (Shapleske et al.,
1999). We dealt with these important issues upfront by
alignment of our approaches with well-accepted previous
reports.

Bifurcation of the posterior part of the hlSF at the SyP
is unique to the great apes, whereas the hlSF of all other
primates terminates posteriorly at the sylvian point (SyP).
For humans, it was considered that only the parSF was
continuous with the hlSF, not the pdrSF (Witelson and
Kigar, 1992; Witelson et al., 1995). This was based in part
on identification of a contiguous cytoarchitecture between
PT and PP. Since the cytoarchitectonic homolog of PT and
PP in those primates without a posterior bifurcation of the
SF is a single continuous site, area Tpt is always located
anterior to the SyP on the lateral part of the superior
temporal gyrus (Galaburda et al., 1978a; Habib and Ga-
laburda, 1986). It would be interesting to consider why the
appearance of the pdrSF involved anatomical separation
of selected components of the original temporoparietal
auditory area (area Tpt) during the evolutionary neural
adaptation in the hominoid ancestor. Perhaps this could
be interpreted as selection for a specific posterior compo-
nent of area Tpt that may have already been functionally
multifactorial as indicated by both intra- and interhemi-
spheric microanatomic segmentation throughout this and
related sites (Gannon et al., 1999; Kheck et al., 2000;
Lewis and Van Essen, 2000). If so, the presence of this new
pattern in great apes alone might qualify as a neural
anatomic indicator of one of the many major adaptive
shifts that occurred during hominoid evolutionary transi-
tions (Goodenough, 2002).

COMPARATIVE AND INTERPRETATIVE
ISSUES

A number of reports have linked the PP and PT to
human behaviors, variation, and disorders such as musi-
cal skill, sex, handedness, dyslexia, language impairment,
and schizophrenia (Steinmetz et al., 1991; Steinmetz,
1996; Heiervang et al., 2000; Foundas et al., 2002; Leo-
nard et al., 2002; Eckert, 2004; Mitchell and Crow, 2005).

One prominent example of PP functions to consider
within a comparative framework requires that it is neces-
sary to recognize upfront that reading may not be a spe-
cies-specific adaptive trait that is unique to humans. Sim-
ply stated, outside of the elevated intellectual milieu of
humans, not enough (evolutionary) time has passed to
merit the inclusion of reading as a species-specific trait or
adaptation that was directly selected for during recent
evolution. Reading and writing (defined here as symbols
written or imprinted on a surface to represent the sounds
or words of a language) have been in common usage for
less than 150 years. As well noted in a recent review by
Gayán (2001), it must be remembered that reading and
writing are very recent augments to the polymodal com-
municative repertoire of humans. Even though the first
writing systems were initiated by classic cultures such as
the Babylonians and Greeks, they were reserved for the
cultural elite and all publications were hand written by
specialists, the scribes. It was only recently, in the 19th
century, that educational reforms allowed widespread
public reading to occur and thus facilitated the recognition
of dyslexia as a disorder. What was it before?

In light of this, it may be possible to consider the poten-
tial for living comparative examples that may provide the
root of a prelinguistic communicative venue. One example
to consider may the extraordinary cross-specific capacity
of the bonobo Kanzi, a great ape prodigy who communi-
cates so effectively within the language platform of an-
other species (humans) by use of abstract lexigrams (Sav-
age-Rumbaugh et al., 1986; Savage-Rumbaugh and
Lewin, 1994). If this comparative extension was valid,
Kanzi may serve as a comparative behavioral model of the
true evolutionary depth for the neural origins of reading
within an integrated lexivisual modality. Likewise, could
the use and self-directed teaching of sign language (ges-
tural-visual communication) to other apes by the chim-
panzee Washoe (Fig. 1) (Gardner and Gardner, 1969;
Fouts and Waters, 2001) also be considered a behavioral
homolog to writing and reading, which is known to utilize
human brain language areas? Both of these great apes
and others such as the orangutan Kiko (Fig. 2) of the
Language Project at the Smithsonian National Zoological
Park, who uses keyboard symbols, have served as pioneers
of the interspecific communication arena. With regards to
language and literacy in humans, our preliminary work
(Gannon et al., 2002) and that of Varney (2002) support
the hypothesis that stand-alone gestural-visual communi-
cation, which now serves as an augment of spoken and
signed languages, may have served as a neural substrate
and the baseline primary modality (Hewes, 1973; Corbal-
lis, 1992, 1999; Iverson and Goldin-Meadow, 1998; Gan-
non et al., 2002). This logical sequence may also contribute
to an explanation of why visual attention deficits occur
more commonly in dyslexics (Heiervang and Hugdahl,
2003).

Until we are able to communicate freely both within and
between human communication systems and those that
are unique to the great apes, perhaps an open-minded and
extended comparative approach will allow us to identify
the neural substrates that provided early humans with
the ability to develop a unique cognitive and communica-
tive package in such a relatively short time. The commu-
nicative flexibility that this package allowed for, as evi-
denced by the onset of literacy with the ability to read,
write, and comprehend over an even shorter period of
time, indicates the presence of a broadly accessible neural
mosaic with far-reaching interactive components. To end
with a broad comparative message to try and capture
language evolution, the brain does not discriminate com-
munication channels, just their intraspecific intelligibility
quotient.
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