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bstract

Magnetic resonance images were collected in 76 chimpanzees and the sylvian fissure was examined for the presence of a posterior bifurcation.
bilateral bifurcation of the sylvian fissure into an ascending and descending ramus was identified in 58 of the subjects. The posterior ascending

amus was measured in both hemispheres in order to evaluate the presence, magnitude, and direction of a planum parietale asymmetry. Statistical
nalysis revealed a main effect for sex. Specifically, females showed a significant rightward bias, whereas males did not. Moreover, an examination
f posterior bifurcation patterns of the sylvian fissure revealed differences between the left and right hemispheres. In humans, subject handedness
nd sex have been found to have an effect on planum parietale asymmetry. To determine if this was also the case in our chimpanzee subjects, we

valuated whether or not planum parietale asymmetry was related to subject handedness. Although subject handedness was not directly related to
lanum parietale asymmetry quotients, whether or not the sylvian fissure bifurcated bilaterally at its posterior end was influenced by the handedness
f the subjects. These results support the view that asymmetries in the perisylvian language areas were present in the common ancestor of humans
nd chimpanzees.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Ever since the early observations of Broca [2] and Wernicke
37], there has been considerable interest in neuroanatomical
symmetries in the perisylvian regions of the human brain [6].
he majority of attention has focused on the measurement of
symmetries in the posterior region of the temporal lobe demark-
ng the planum temporale [see 1]. There have also been a number
f studies concerning variability in the posterior region of the
ylvian fissure, particularly as it relates to the occurrence of a
ifurcation into a posterior ascending and descending branch.
or example, at least four different patterns of bifurcation of the

osterior sylvian fissure have been identified in human cadaver
rains [21,38]. Ide et al. [21] identified these four variants as
uperior (ascending ramus longer than descending), Inferior
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descending ramus longer than ascending), Symmetric (both
ami are of approximately equal length), and Inverted (rami are
sually symmetric, but ascending ramus is oriented anteriorly
nstead of posteriorly). Moreover, variations in the patterns of
scending and descending limbs are associated with the sex and
andedness of subjects. Ide et al. [21] reported that a larger
scending compared to descending limb of the sylvian fissure
their Superior type) was more prevalent in males and more
requently seen in the right compared to the left hemisphere.
n contrast, females showed more symmetrical ascending and
escending limbs of the sylvian fissure but the branches dif-
ered in orientation with the ascending branch oriented rostrally
hereas the descending limb was oriented more caudally.
Recently, MRI imaging technology has provided an alterna-

ive means of assessing asymmetries in the perisylvian fissure.

pecifically, the posterior wall of the posterior ascending ramus
PAR) of the sylvian fissure demarks the planum parietale (PP).
s observed in cadaver brains, analysis of MRI scans reveals
rightward asymmetry (PAR longer in the right compared to

mailto:jtaglia@emory.edu
dx.doi.org/10.1016/j.bbr.2007.07.025
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of interest to this study. The remaining 15 subjects (6 males, 9 females) were
86 J.P. Taglialatela et al. / Behaviour

he left hemisphere) of the PP in humans [5,9,23,32]. Also con-
istent with the cadaver results, it has been demonstrated that
andedness and gender have an influence on PP asymmetry such
hat right-handed men and left-handed women show pronounced
ightward asymmetries [23]. In addition, a larger PP in the right
emisphere is more common in individuals who utilize their
ight hand to write compared to those who use their left hand
5].

Historically, there has been interest in the evolutionary ori-
ins of sylvian fissure asymmetry because it presumably reflects
xpansion of the posterior temporal cortex or Wernicke’s area.
arly work with endocasts and cadaver brains reported evidence
f asymmetries in the length and height of the sylvian fissure in
rimates [26,39]. The sylvian fissure was reported to be higher
n the right compared to the left hemisphere, particularly among
himpanzees, gorillas and orangutans, presumably reflecting an
symmetry of the planum parietale [25]. However, in two species
f macaques, no significant differences were found in either the
eight or the length of the ascending limb of the sylvian fissure
10]. With respect to sylvian fissure length, Yeni-Komshian and
enson [39] reported that human and chimpanzee cadaver spec-

mens showed a leftward asymmetry whereas rhesus monkeys
id not. Subsequent MRI studies have revealed similar leftward
symmetries in the sylvian fissure in a sample comprised of all
our species of great apes, replicating the findings from cadaver
pecimens [15]. In monkeys, the results have been less con-
istent. Leftward asymmetries have been reported in cadaver
pecimens of two species of macaques (M. fascicularis and M.
ulatta) as well as in cotton-top tamarins and common mar-
osets [10]. However, leftward asymmetries were not observed

n rhesus monkey (M. mulatta) endocasts [4]. Studies in other
pecies have also reported mixed results. In cats, no overall
symmetry is evident but a significant sex difference exists in
ylvian fissure length [35] with males showing a rightward bias
nd females a leftward bias. In terms of the height of the sylvian
ssure, cats do show an overall rightward bias [36]. However,

n dogs, no population-level asymmetry is found for length, but
he sylvian fissure is reported to be higher in the left compared
o the right hemisphere [34], a pattern that is opposite to that
een in apes and humans.

More direct evidence of asymmetries in the posterior tem-
oral lobe have recently been documented with the reports of
opulation-level leftward asymmetries in the planum temporale
f great apes, the tissue that lies posterior to Heschl’s gyrus and
hose terminal point is the posterior end of the sylvian fissure

3,7,13]. Notwithstanding, there still remains little investigation
f sulci variation in the sylvian fissure in the comparative liter-
ture on brain asymmetry. For example, in a number of studies
n sylvian fissure length in cadaver brains of monkeys and apes,
o mention or specification is provided regarding bifurcation
atterns in the specimens [e.g., 10, 39].

Recently, it has been reported that a rightward asymmetry
n the planum parietale is present in two species of great apes,

himpanzees (Pan) and orangutans (Pongo) [8]. The purpose of
his study was to further evaluate the evidence of an asymmet-
ical PP in chimpanzees. Specifically, Gannon et al. [8] report a
ightward asymmetry in the PP, but the sex of the subjects was
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ot provided in this report. In light of the findings of sex effects
n PP asymmetry in humans (see above), the first aim of this
tudy was to evaluate the potential influence of this factor on PP
symmetry in chimpanzees. The second purpose of this study
as to assess asymmetries in the PP in chimpanzees using in

ivo magnetic resonance imaging. Gannon et al. [8] measured
symmetries in the PP from surface sulci in cadaver specimens.
RI offers an alternative approach to assessing brain asym-
etries and therefore we sought to determine whether similar

atterns of asymmetry in the PP would be evident using this
ssessment technique. In addition, the relatively small sample
ize, (23 chimpanzee brains), is a limitation of the Gannon et
l. [8] study, and therefore we sought to evaluate asymmetries
n the PP in a larger sample of great apes consisting of only

single species, chimpanzees. Lastly, in humans, handedness
s associated with variation in PP asymmetry. In the previous
tudy by Gannon et al. [8], no handedness data were avail-
ble in their sample of apes. Therefore, PP asymmetries were
orrelated with hand use to determine whether or not handed-
ess is similarly associated with variation in PP asymmetries in
himpanzees.

. Materials and methods

.1. Magnetic resonance image collection procedures

Magnetic resonance images (MRI) of the brain were collected in a sample
f 78 chimpanzees (Pan troglodytes) including 31 males and 47 females. All
f the subjects were housed at the Yerkes National Primate Research Center
YNPRC). Twenty of the MRI scans were performed on cadaver chimpanzee
rains, whereas the remaining subjects were alive and healthy at the time of data
ollection.

The cadaver specimens were stored in 10% buffered formalin solution for
ntervals ranging from 1 week to 2 years. For the in vivo scans, subjects were first
mmobilized by ketamine injection (10 mg/kg) and subsequently anaesthetized
ith propofol (10 mg/kg/h)) following standard procedures at the YNPRC.
ubjects were then transported to the MRI facility. The subjects remained anaes-

hetized for the duration of the scans as well as the time needed to transport them
etween their home cage and the imaging facility (total time ∼2 h). Subjects were
laced in the scanner chamber in a supine position with their head fitted inside
he human-head coil. Scan duration ranged between 40 and 80 min as a function
f brain size. After completing MRI procedures, the subjects were returned to
he YNPRC and temporarily housed in a single cage for 6–12 h to allow the
ffects of the anesthesia to wear off, after which they were returned to their
ome cage.

The majority (n = 63) of the subjects were scanned using one of two 1.5 T
canners (Phillips, Model 51). The remaining 15 subjects were scanned using a
.0 T scanner (Siemens Trio) at the YNPRC. The scanning methods have been
escribed in detail elsewhere [17]. For all subjects scanned in vivo using the 1.5 T
achine (n = 43; 15 males, 28 females), T1-weighted images were collected in

he transverse plane using a gradient echo protocol (pulse repetition = 19.0 ms,
cho time = 8.5 ms, number of signals averaged = 8, and a 256 × 256 matrix). For
he 20 post mortem scans using the 1.5 T scanner (10 males, 10 females), T2-
eighted images were collected in the transverse plane using a gradient echo
rotocol (pulse repetition = 3000 ms, echo time = 40.0 ms, number of signals
veraged = 4, and a 256 × 256 matrix). These scan parameters were developed
n previous studies [13], and provided excellent resolution of the brain areas
canned using a 3.0 T scanner (Siemens Trio), T1-weighted images were col-
ected using a 3D gradient echo sequence (pulse repetition = 2300 ms, echo
ime = 4.4 ms, number of signals averaged = 3, matrix size = 320 × 320). The
rchived MRI data were transferred to a PC running Analyze 6.0 (Mayo Clinic)
oftware for post-image processing.
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Fig. 1. Planum parietale and planum temporale morphology. MR image of a
chimpanzee brain in the sagittal plane. The sylvian fissure bifurcates into a
posterior ascending ramus (PAR) and a posterior descending ramus (PDR). The
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Fig. 2. Bifurcation patterns of the sylvian fissure. Single sagittal slices of mag-
netic resonance images depicting the four sylvian fissure bifurcation patterns, (a)
superior, (b) inferior, (c) symmetric, and (d) reversed. Traces of the bifurcations
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sampling technique was used to collect individual data from each subject. The
hand of the finger used to extract the peanut butter was recorded as either right
osterior wall of the posterior ascending ramus demarks the PP. The caudal
xtent of the posterior horizontal ramus (PHR) of the sylvian fissure demarks
he posterior border of the PT. Heschl’s gyrus (HG) is labeled in white.

.2. Quantification of the planum parietale and posterior
escending ramus

The planum parietale was selected as the brain region of interest (ROI)
ecause it has been implicated in language-related behaviors in humans, and
orphological asymmetries have been identified previously in chimpanzees

3,7,8,13,15]. For the PP, the length of the posterior ascending ramus of the
ylvian fissure (SF) was used. Both the PAR and posterior descending ramus
PDR) of the SF are shown in Fig. 1.

An observer blind to the sex and handedness of the subjects, traced both
ami using a mouse-driven onscreen cursor (Analyze 6.0) (Fig. 1). A free-hand
ine tool with no anchors was used to measure the lengths of the PAR and PDR
n the left and right hemispheres. To do this, consecutive 1 mm sagittal slices
ere traced from the most medial slice immediately lateral to the insula until
oth rami of the SF were no longer completely visible.

Inter-rater reliabilities were established for the PAR and PDR based on 7
∼9%) randomly selected subjects in the sample. Two raters independently
easured both the PAR and PDR in the left and right hemispheres. Asym-
etry quotients were derived as described below, and the intraclass correlation

oefficients for PAR and PDR were .78 and .93, respectively. Both of these
oefficients are significant at p < .05.

In addition to the quantification of the PAR and PDR, we sought to further
valuate the bifurcation patterns of the sylvian fissure for all subjects in which
posterior bifurcation was present. To accomplish this, an observer blind to

he sex and handedness of the subjects examined the most lateral slice in each
emisphere in which both the PAR and PDR were visible, and classified the
ifurcation pattern into one of the following types, Superior, Inferior, Symmetric,
nd Inverted as defined by Ide et al. [21]. Examples of each bifurcation type are
hown in Fig. 2.

.3. Data analysis

For both the PAR and PDR, asymmetry quotients (AQ) were derived follow-
ng the formula [AQ = (R − L)/(R + L) * .5)] where R and L refer to the summed
alues from all slices in which the rami were traced for the right and left hemi-
pheres, respectively. Positive values indicated a rightward bias and negative

alues indicated a leftward bias. Prior to statistical analysis, SPSS 15.0 (SPSS
nc., Chicago, Illinois, USA) was used to construct box plots to identify extreme
Q values for the PAR. Box plots include the interquartile range and the 5%
nd 95% confidence intervals as indicated by error bars located outside of the

o
t
w
r

ppear alongside each image. Dashed line depicts the sylvian fissure, grey solid
ine is the PDR and the white solid line is the PAR. Images (a) and (b) are left
emispheres, whereas c and d are right hemispheres.

ox. Two subjects (both females) with PAR AQ values outside the confidence
ntervals were identified as outliers and were removed from further analysis.

.4. Behavioral measure of hand use

A composite measure of handedness was derived from four measures of
and use previously described in these subjects including manual gestures [18],
imple reaching [16], bimanual feeding [11], and a task measuring coordinated
imanual actions, referred to as the TUBE task [12]. These four measures were
elected on which to derive a single measure of handedness because (a) they
re uncorrelated with each other [see 19], (b) they each elicit consistent hand
references in the chimpanzees and (c) these measures were available in the
argest cohort of subjects. A brief description of each measure is provided below.

.4.1. Bimanual feeding (FEED)
Each afternoon, the primates housed at the YNPRC receive fruits and veg-

tables as part of their daily diet. Each subject usually receives 2 oranges, 1
anana, some celery stalks, and/or carrots. Upon retrieving the food, the sub-
ects typically move to a seating place and consume the food. The chimpanzees
enerally hold the extra pieces of food with one hand and feed with the opposite
and. Hand use was recorded when the subjects were feeding with one hand for
minimum duration of 3 s and the non-feeding hand was holding the remain-

ng portions of food. The dominant hand was recorded as the one feeding. A
inimum of 50 responses were obtained from each subject.

.4.2. Coordinated bimanual actions (TUBE)
The second handedness measure was a task requiring bimanual coordinated

ctions, referred to as the TUBE task (Hopkins, 1995). For the TUBE task,
eanut butter is smeared on the inside edges of poly-vinyl-chloride (PVC) tubes
pproximately 15 cm in length and 2.5 cm in diameter. Peanut butter is smeared
n both ends of the PVC pipe and is placed far enough down the tube such that
he subjects cannot lick the contents completely off with their mouths but rather

ust use one hand to hold the tube and the other hand to remove the substrate.
he PVC tubes were handed to the subjects in their home cages and a focal
r left by the experimenter. Each time the subjects reached into the tube with
heir finger, extracted peanut butter and brought it to their mouth, the hand used
as recorded as left or right. As with the feeding measure, a minimum of 50

esponses were obtained from each subject.
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Table 1
Bifurcation of the posterior sylvian fissure by sex and handedness categories

Fisher’s exact tests were conducted on total values (indicated in bold). Hemi-
sphere information is included in regular type (RH = right hemisphere, LH = left
h
*
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r
h
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d
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t
p = .04, however no main effect for handedness F(1, 46) = 0.98,
p = .33, or interaction F(1, 46) = 1.79, p = .19, was observed.
The mean PAR AQ’s for males and females are shown in
Fig. 3.

Table 2

Superior Inferior Symmetric Inverted

a

Left hemisphere 7 27 17 7
Right hemisphere 12 11 23 12

b

Left hemisphere
4 F 18 F 5 F 5 F
3 M 9 M 12 M 2 M

Right hemisphere
7 F 6 F 16 F 3 F
5 M 5 M 7 M 9 M

a Distribution of the four bifurcation types in each hemisphere. Significant dif-
88 J.P. Taglialatela et al. / Behaviour

.4.3. Manual gestures
At the onset of each trial, an experimenter would approach the chimpanzee’s

ome cage and center himself or herself in front of the chimpanzee at a distance of
pproximately 1.0–1.5 m. If the chimpanzee was not already positioned in front
f the experimenter at the onset of the trial, the chimpanzee would immediately
ove towards the front of the cage when the experimenter arrived with the food.
he experimenter then called the chimpanzee’s name and offered a piece of

ood until the chimpanzee produced a manual gesture. Only responses in which
he chimpanzee’s unimanually extended the digit(s) through the cage mesh to
equest the food were considered a response. Other possible manual responses
uch as cage banging or clapping were not counted as a gesture. Two-handed
estures, although rare, were not scored as were gestures that were produced by
he chimpanzee prior to the experimenter arriving in front of the chimpanzee’s
ome cage.

.4.4. Simple reaching
On each trial, a raisin was thrown into the subject’s home cage. The raisin

as thrown by the experimenter to a location of at least 3 m from the focal
ubject so that the chimpanzees had to locomote to position to the raisin, pick
p the raisin and bring it to their mouth for consumption. When the chimpanzee
cquired the raisin, the experimenter recorded the hand used as left or right. One,
nd only one, reaching response was recorded each trial to assure independence
f data points [see 14 for contrasting views, 27]. Thus, raisins were not randomly
cattered in home cages but rather an individual raisin was thrown into cages and
ubjects retrieved the raisin before another was thrown into the cage. Subjects
ere required to locomote at least three strides between reaching responses to
aintain postural readjustment between trials.

All the chimpanzees were tested in the outdoor portion of their home cages.
he number of responses obtained from each subject differed within and between

asks. Notwithstanding, a minimum of 30 responses were obtained for each
ndividual for each task. Individuals recording the hand use data were blind to
he anatomical asymmetries of the subjects as well as to the hypotheses of this
tudy.

For each measure, a handedness index (HI) was determined following the
ormula HI = (R − L)/R + L), where R and L reflect the frequency of left and
ight hand use. HI values varied from −1.0 to 1.0 with negative values reflect-
ng left hand biases and positive values reflecting right hand biases. Rather
han consider each handedness measure separately in the analyses, we derived

single composite handedness value by averaging the HI values for the four
asks. In addition, we classified subjects as right and left handed based on the
ign of the HI. Subjects with positive composite handedness values were clas-
ified as right-handed, whereas those with negative values were classified as
eft-handed.

. Results

.1. Descriptive statistics

Of the 76 individuals, bilateral bifurcation of the sylvian
ssure into ascending and descending rami was present in 58

ndividual apes (76%). For the remaining 18 individuals (24%),
nly unilateral or no bifurcation occurred at the terminal point
f the SF. A comparison of bifurcated vs. non-bifurcated SF as
function of sex using a Fisher’s exact probability test failed to

eveal a significant association. However, Fisher’s exact test did
ndicate a significant difference between right and left handed
ubjects. These data are presented in Table 1.

Table 2 describes the distribution of the different bifurca-
ion patterns by hemisphere (Table 2a) and sex (Table 2b).
cNemar–Bowker tests indicated a significant difference in
ifurcation patterns between the left and right hemispheres
Table 2a). In the left hemisphere, subjects most frequently have
he Inferior bifurcation pattern whereas the Symmetric pattern is

f
T

a
r

emisphere).
p < .05; Fisher’s exact test, two-tailed.

ost common in the right hemisphere. Fisher’s exact tests failed
o reveal significant differences between males and females with
egard to posterior bifurcation pattern in the right or the left
emispheres.

.2. The posterior ascending ramus, the posterior
escending ramus, and handedness

The presence of a PAR and PDR were observed in both hemi-
pheres in 58 of the subjects (26 males, 32 females). In the initial
nalysis, we compared the AQ values for the PAR as a function
f the sex and the handedness of the subjects using a univari-
te analysis of variance. The asymmetry quotient for the PAR
as the dependent variable whereas sex (male or female) and
andedness (left or right) served as the between-subject fac-
or. A significant main effect for sex was found F(1, 46) = 4.37,
erences were found between the left and right hemispheres (McNemar–Bowker
est �2(6) = 13.74, p < .05).
b Distribution of the four bifurcation types in each hemisphere for females (F)
nd males (M). No significant sex differences were found for either the left or
ight hemispheres.
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ig. 3. Mean asymmetry quotients (AQ) and standard errors of the mean for
he posterior ascending ramus (PAR) and posterior descending ramus (PDR) in

ale and female subjects.

Because there was a main effect for sex on the PAR asym-
etry, separate one-sample t-tests were performed on male and

emale PAR AQ scores to assess whether or not either sex showed
population-level asymmetry. Females were significantly right-
ard for the PAR t(31) = 3.63, p = .001, whereas males were not

(25) = −0.76, p = .46.
Similarly, we compared the AQ values for the PDR as a

unction of the sex of the subjects using a univariate analysis
f variance. The AQ values for the PDR were the dependent
ariable whereas sex and handedness served as the between-
ubject factors. No main effects or interactions were observed.
o population-level asymmetry for the PDR was evident

(57) = −0.50, p = .62.

.3. Scan type and the PAR and PDR

Given that our sample was made up of both cadaver spec-
mens as well as MR scans acquired in vivo and the fact that
wo different magnet strengths were used to acquire images, we
ompared the AQ values for the PAR as a function of the scan
ype (1.5 T cadaver, 1.5 T in vivo, 3.0 T in vivo) using a univariate
nalysis of variance. The AQ values for the PAR was the depen-
ent variable whereas scan type served as the between subject
actor. No main effect for scan type was found F(2, 57) = 0.95,
= .39. In addition, Table 3 lists the means and standard devia-

ions for the PAR and PDR in the left and right hemispheres by
can type.

. Discussion

The data provided in this report indicate that a majority
f chimpanzees possess a posterior bifurcation of the SF. In
ddition, the results suggest that the PAR is larger in the right
emisphere as compared to the left, revealing an asymmetric
P. This asymmetry is influenced by the sex of the subjects with

emales showing a rightward asymmetry for the PP compared to
ales. These results are consistent with earlier reports identify-

ng the presence of population-level asymmetries in perisylvian
egions in great apes [3,7,8,13,15].
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With regard to the pattern of posterior bifurcation of the
ylvian fissure, chimpanzees did not show significant sex dif-
erences. Notwithstanding, the majority of female subjects have
shorter PAR compared to PDR in the left hemisphere, and

end to have relatively symmetric posterior rami in the right
emisphere (Table 2b). In contrast, males tend to have posterior
ami of similar lengths in the left hemisphere, and no one type
s the majority in the right hemisphere. Ide et al. [21] report that
he Superior bifurcation pattern is the predominant one in both

ales and females. In contrast, relatively few of the subjects in
his study were found to have a larger PAR compared to PDR
rrespective of hemisphere or sex. Gannon et al. [8], reported that
he most common bifurcation pattern observed in their sample
as the Inverted type described by Ide et al. [21]. However, as

ndicated in Table 2, this pattern was observed in only a very
mall percentage of our subjects. It is possible, that this qualita-
ive difference was the result of the different sample types (i.e.

RI versus cadaver specimens).
One of the goals of this study was to determine if similar

atterns of asymmetry in the PP would be evident from MR
mages in vivo as they were from surface sulci in cadaver spec-
mens [8]. To this end, we averaged the lengths of the PAR and
DR from every slice in both hemispheres in order to compare
ur results directly with those reported by Gannon et al. [8].
s indicated in Table 3, the data are similar between the two

tudies. These results suggest that quantification of MR images
rovide an alternative assessment technique of PAR asymme-
ry in a larger homogenous sample of chimpanzees. However,
ur data do differ from those reported by Gannon et al. [8] with
espect to the pattern of posterior bifurcation of the sylvian fis-
ure. This difference may in fact be the result of the different
ampling methods (i.e. surface sulci in cadaver specimens vs.
R imaging). In order to evaluate this hypothesis, we con-

tructed whole brain 3-dimensional (3D) renderings from the
R images of our subjects. Although classification of the pos-

erior bifurcation of the sylvian fissure was possible from these
D renderings, these results did not correlate strongly with the
atterns observed from MR images of the most lateral slice in
he sagittal plane. Therefore, it is possible that the bifurcation
atterns visible on the surface of a cadaver specimen differ from
hose visible in MR images just within the brain tissue itself.
otwithstanding, as depicted in Table 3, our results are quite

imilar to those reported by Gannon et al. [8].
In humans, handedness and sex influence PP asymmetry [23].

lthough no main effect for handedness was observed in our
ample, whether or not the sylvian fissure bifurcated bilaterally
t its posterior end was influenced by the handedness of the
ubjects. Specifically, a greater proportion of chimpanzees with
egative composite HI scores (i.e. those that predominantly use
heir left hand) have a bilateral bifurcation of the sylvian fis-
ure as compared to those subjects that most frequently employ
heir right hand. To further explore the relation between subject
andedness and planum parietale asymmetry, we examined the

ssociation between AQ values for the PAR and composite HI
cores. Pearson correlations did not reveal significant correla-
ions for females (r = .32, p = .10) or for males (r = .11, p = .63).
ecently, it has been reported that chimpanzees that reliably
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Table 3
Means and standard deviations of posterior ascending rami and posterior descending rami of the sylvian fissure

Posterior ascending ramus (mm) Posterior descending ramus (mm)

LEFT RIGHT L > R R > L LEFT RIGHT L > R R > L

Cadaver specimens
Mean 7.14 7.19 7.32 7.64
S.D. 3.81 3.66 2.44 2.53
N 15 7 8 15 7 8

1.5 T in vivo
Mean 7.23 7.41 9.32 8.32
S.D. 2.42 2.27 3.88 2.86
N 32 15 17 32 19 13

3 T in vivo
Mean 6.26 7.71 10.31 7.86
S.D. 3.30 3.03 4.26 2.26
N 11 3 8 11 8 3

Entire sample
Mean 7.02 7.41 8.99 8.06
S.D. 2.97 2.78 3.74 2.65
N 58 25 33 58 34 24

Gannon et al. [8]
Mean 5.40 7.27 9.02 9.44
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S.D. 2.87 2.70
N 23 9 14

mploy their right hand for manual gestures have larger inferior
rontal gyri in the left hemisphere than those apes that do not
how consistent hand use for gestures [33]. In addition, handed-
ess has been shown to modulate the association between corpus
allosum size and brain asymmetries in the frontal orbital sulcus
ut not the planum temporale in chimpanzees [20]. Collectively,
hese data support the view that the neurobiological foundations
f language in humans may have evolved from substrates that
riginally supported a multimodal communication system.

It should be noted that, despite these findings, relatively lit-
le is known about the functional role of the PP, especially
ith regards to the relevance of this differential anatomical

symmetry. However, recent data have implicated the PP in the
rocessing of voice spectral information in humans bilaterally
24]. Furthermore, Foundas et al., [5] reported that the size of
he right PAR predicted writing handedness in human subjects.
hese are intriguing findings, especially given the reported sex
nd handedness differences in humans [23] as well as those
ifferences identified in this report. Other studies have also
xamined the relation between the PP and language disorders
nd dyslexia. Whereas normal PP asymmetry has been reported
n children with developmental language disorder [30], signif-
cantly fewer dyslexics show a rightward PP asymmetry when
ompared to individuals without dyslexia [9,but see 31]. Still,
he PP is regarded as a region involved in the processing of lin-
uistic auditory information. The data presented in this report
rovide evidence that the study of the PP may provide further
nsight into the evolution of lateralized language regions in the

uman brain.

It has been proposed that human spoken language evolved
rom a multimodal form of communication that included the
oncomitant use of gestural and auditory signals [22,28].
4.24 2.94
23 11 11

lthough a great deal about the role of the PP in human lan-
uage evolution has yet to be learned, extant data indicate that the
P plays a role in linguistic and paralinguistic communication

n humans [24,29]. The PP asymmetry described in this report
uggests that this region may have its evolutionary roots as a neu-
obiological substrate underlying multimodal communication in
common ape and human ancestor.
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