
In a prior investigation involving hyper- White, S. M. Schanberg, Science 218, 483 the most extensive coronary artery atheroscle- 

cholesterolemic cynomolgus monkeys, 
periodic group reorganization also led to 
increased contact aggression and to 
greater atherosclerosis (16). It is interest- 
ing that a high "potential for hostility" 
represents, among humans, a central 
component of the type A (coronary- 
prone) behavior pattern (17). Moreover, 
independent of its association with type 
A behavior, hostility has been found 
associated with extent of angiographical- 
ly documented coronary artery athero- 
sclerosis (18). Although these findings 
reflect only descriptive behavioral simi- 
larities, it is noteworthy that aspects of 
the present data are consistent with stud- 
ies of psychosocial factors among human 
beings. 
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Parthenogenesis in the Endemic Australian Lizard 
Heteronotia binoei (Gekkonidae) 

Abstract. Chromosome variation in the gekkonid lizard Heteronotia binoei reveals 
that this endemic Australian vertebrate reproduces by parthenogenesis. Triploid 
parthenogenetic females are distributed throughout central and western Australia 
and are all heterozygotes for one or more pericentric inversions that also distinguish 
the extant bisexual diploid cytotypes. These data on karyotype provide strong 
evidence that the various clones have arisen through multiple hybridization events 
between bisexual ancestors. 

In vertebrates, all-female populations 
that reproduce by parthenogenesis have 
now been reported in several American 
and European taxa (I). A newly discov- 
ered parthenogenetic biotype of the en- 
demic lizard Heteronotia binoei Gray, 
which is distributed throughout most of 
the Australian continent, also exists as 
diploid bisexual populations for much of 
its range (Fig. 1A). A cytogenetic analy- 
sis of diploid and triploid forms provides 
evidence for a hybrid origin of the par- 
thenogenetic biotype and multiple hy- 
bridization events between the bisexual 
ancestors appear to have been important 
in generating the considerable clonal di- 
versity found in H ,  binoei. 

Karyological analysis of diploid H .  
binoei (2n = 2x = 42) by both standard 
Giemsa-stained preparations and G- and 
C-banding has revealed two major cyto- 

types, SM6 and A6, distinguished by a 
pericentric inversion associated with 
chromosome 6 (Fig. 2A). Within the 
SM6 cytotype a further pericentric rear- 
rangement (SM6-2) on chromosome 4 
was polymorphic in lizards in north-cen- 
tral Australia and absent in those on the 
western Australian coast (SM6-1). A dis- 
tal nucleolar organizing satellite on chro- 
mosome 6 was found in eastern and 
southern A6 populations and all SM6 
populations. This did not occur in A6 
populations from central and western 
Australia, although the former did main- 
tain an active distal nucleolar organizing 
region (2). The A6 and SM6-2 cytotypes 
overlap broadly in north-central Austra- 
lia (Fig. 1A). However, there are no 
known sympatric localities, and no dip- 
loids heterozygous for the inversion on 
chromosome 6 have been found. 
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Fig. 1. (A) Distribution of the triploid and diploid cytotypes of Heteronot ia  binoei  throughout 
Australia. Circles represent sampling points and the shaded regions are where H .  binoei is 
absent. The boundaries are shown to emphasize the extensive overlap, but more sampling in 
western Australia is required before the distribution limits of the various cytotypes can be 
determined. (B) Detailed distribution data for the central Australian region. Symbols: 0, diploid 
A6; 0 ,  triploid clone A; A ,  triploid clone B; and W ,  triploid clone C. 



Seventy triploid females (2n = 3x 
= 63), mostly from central Australia, but 
some from as far as the western Austra- 
lian coast, have been analyzed. They fall 
into three major clones (A, B, and C) 
that can be distinguished by the variants 
of chromosomes 4 and 6 that they carry 
(Fig. 2B). Exclusively female triploidy is 
generally regarded as strong evidence for 
unisexual reproduction (3) and in the 
case of H. binoei, thelytokous partheno- 
genesis is further supported by the avail- 
able sex ratio data. In bisexual popula- 
tions of H. binoei the sex ratio is even 
(4). However, extensive collecting in the 
region between Deep Well and Kulgera 
(Fig. 1B) resulted in 46 triploid females 
and no males. The absence of males in 
this area clearly excludes sperm-depen- 
dent modes of unisexual reproduction 
such as gynogenesis and hybridogenesis 
(5). Hermaphroditism or age-related sex 
reversal (5) are not compatible with trip- 
loidy since regular meiosis will result in 
aneuploid gametes. Also, observations 
on the reproductive systems of subadult 
and adult females revealed no testicular 
material. 

Every triploid examined was hetero- 
zygous for the chromosome 6 inversion 
and clone C was also heteromorphic for 
chromosome 4 (Fig. 2C). Although there 
is some dissension (6), hybridization of 
genetically distinct bisexual taxa appears 
to be the most obvious basis for explain- 
ing the origin of naturally occurring ver- 
tebrate parthenogens (7). The origin of 
the three triploid clones of H. binoei can 
thus best be accounted for by hybridiza- 
tion between the SM6-1 and A6 bisexual 
cytotypes with subsequent backcrossing 
of the diploid parthenogen to either of 
the bisexual cytotypes (Fig. 2B). The 
alternative hypotheses are the produc- 
tion of triploids by the fusion of haploid 
sperm and rare diploid egg pronuclei or 
generation spontaneously of unisexual 
strains; both predict that triploid clones 
homozygous for chromosome 6 will pre- 
dominate, which is clearly inconsistent 
with the data. The A6 cytotype involved 
in these hybridization events is invari- 
ably the central and western Australian 
form, which lacks the distal nucleolar 
organizing satellite on chromosome 6. 
The postulated diploid parthenogen has 
not been found in central Australia de- 
spite intensive collecting and may be 
extinct. Chromosomal banding and elec- 
trophoretic studies further substantiate 
the hybrid origin of parthenogenesis in 
H. binoei (2). 

The triploid biotype of H. binoei has 
the widest distribution yet found for a 
continental unisexual vertebrate. Within 
its range the three cytologically distinct 

clones have widespread and overlapping 
ranges (Fig. 1A). To date, a detailed 
analysis of their distribution has been 
conducted only in central Australia. 
These populations are of interest for two 
reasons. First, throughout most of this 
area the parthenogenetic form is sympat- 
ric with the bisexual A6 cytotype of H. 
binoei (Fig. 1B). Extensive sympatry be- 
tween all-female and bisexual popula- 
tions, combined with their close morpho- 
logical similarity, has no doubt obscured 
the existence of parthenogenesis in this 
gecko until now (8). Two tetraploid fe- 
males (2n = 4x = 84), each with a single 
SM6-1 genome and three A6 genomes, 
have been identified from sympatric lo- 
calities. These appear to have arisen 
through insemination of triploid clone A 
parthenogens by A6 males (2). In the one 
tetraploid female in which the reproduc- 
tive tract was examined, the ovaries 

Clone A Clone B Clone C 

Fig. 2. (A) Diploid karyotype of Heteronotia 
binoei showing variants of chromosomes 4 
and 6. (a) Polymorphic pericentric rearrange- 
ment of chromosome 4 found in SM6-2 popu- 
lations; (b) acrocentric chromosome 6 without 
the terminal satellite; and (c) submetacentric 
chromosome 6 characteristic of the SM6 cyto- 
types. (B) Proposed origin of the triploid 
clones in H .  binoei showing chromosomes 4 
and 6. (a) Diploid parthenogenetic ancestor 
which subsequently backcrossed to the three 
extant diploid cytotypes to give rise to triploid 
clones A to C; (b) clone A when inseminated 
by A6 males gives rise to the observed sterile 
tetraploid females. (C) Full karyotype of trip- 
loid clone C showing pair 4 and 6 heteromor- 
phisms. 

were atrophied. These observations are 
consistent with reports of hybridization 
between established parthenogenetic lin- 
eages and bisexual forms in which the 
resultant hybrids are always sterile (9). 

The second interesting feature of the 
central Australian populations is that all 
adequately sampled populations have 
proved to consist of more then one 
clone. For example, at Horseshoe Bend 
( N  = 9), Deep Well ( N  = 3), and Orange 
Creek (N = 5) each sample has clones A 
and C present (Fig. 2B). Since each 
collection area covered no more than 200 
m2, it is clear that the two clones are 
truly sympatric. While other populations 
with more than five animals examined 
(Kulgera, Undoolya, Ross River) ap- 
pear, on the basis of standard Giemsa- 
stained preparations, to be uniclonal, a 
more detailed analysis, achieved through 
C-banding of chromosomes and electro- 
phoresis, has shown clonal diversity 
within these populations also (2). 

In contrast to the expectation of great- 
ly reduced genetic variability of parthe- 
nogenetic taxa (lo), detailed studies have 
repeatedly shown the opposite (11). The 
origin and maintenance of such diversi- 
ty, in the virtual absence of recombina- 
tion, now commands the attention of 
numerous evolutionary biologists (12). 
Two classes of genetic variation, which 
differ in their evolutionary conse- 
quences, must be recognized within uni- 
sexual taxa. Extensive intraclonal het- 
erozygosity is generally a consequence 
of hybrid origin and has been claimed to 
maximize heterotic gene combinations 
without genetic load (13). Interclonal di- 
versity, essential for adaptive change in 
parthenogenetic biotypes, may be 
achieved through mutation within a 
monophyletic lineage, as has been sug- 
gested for curculionid weevils (14). 
Alternatively, limited recombination, 
combined with multiple hybrid origins, 
which has been implicated in the teiid 
lizard Cnemidophorous tesselatus (15) 
and the hybridogenetic fish Poeciliopsis 
(16), can result in variation between 
clones. In triploid parthenogenetic bio- 
types produced by backcrossing, the lat- 
ter mechanism affords a relatively rapid 
means of generating clonal diversity. In 
H. binoei, the available evidence sug- 
gests that repeated backcrossing of the 
ancestral diploid parthenogen to geneti- 
cally distinct bisexual cytotypes has pro- 
vided the considerable genetic diversity 
found within this parthenogenetic bio- 
type (2). 
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Functional Organization of the Second Cortical 
Visual Area in Primates 

Abstract. The functional organization of the second cortical visual area was 
examined with three different anatomical markers: 2-[ '4~]deoxy-~-glucose,  cyto- 
chrome oxidase, and various myelin stains. All three markers revealed strips running 
throughout the area, parallel to the cortical surface. The boundaries of these strips 
provide an anatomical criterion for dejning the borders of this extrastriate region. 
Further, the demonstration of these strips allows a functional and anatomical 
analysis of modules in the area, just as the recent demonstration of spots in the 
primary visual cortex has allowed an analysis of modules there. The strips differ 
structurally and functionally from interstrip regions and these differences are similar 
to those seen between the spots and the interspot regions in the primary visual 
cortex. In the macaque the strips and spots difler with regard to binocular 
organization. 

Primates have at least nine visual ar- 
eas beyond the primary visual cortex 
(Vl) (1, 2). Of these, the second visual 
cortical area (V2) is certainly one of the 
most important (3). Area V2 is almost as 
large as V1 (2, 4), and, like V1, it con- 
tains a well-ordered representation of the 
visual field within its boundaries (4, 5). 
Area V2 surrounds V1, and considerable 
information is reciprocally transmitted 
between these two areas (1, 2, 4-7). 
Most of the information in V1 destined 
for other cortical visual areas goes first 
to V2 (4). Despite its obvious importance 
in the chain of cortical visual information 
processing, V2 has received much less 
attention than V1. For example, the 
functional anatomy of the primate V1 has 
been much studied during the last decade 
(8-13), but little is known about the 
functional anatomy of the primate V2. 

This report describes several basic 
features of the organization of V2. We 
have found an array of parallel columnar 
strips running throughout V2; these 
strips seem to be the basic modular ele- 

ments in this cortical area. By using 
three different markers, we have been 
able to describe different anatomical and 
physiological aspects of the strips. The 
V2 strips resemble the recently discov- 
ered spots in V1 (10-14) and provide a 
conspicuous anatomical landmark that 
should prove useful in defining the bor- 
ders of V2 in an otherwise vaguely de- 
fined cortex. Preliminary results have 
been presented (15-17). 

In order to label short-term variations 
in metabolic activity occurring during 
visual stimulation, we injected 2-[I4C]- 
deoxy-D-glucose (2DG) while monkeys 
viewed a particular stimulus. As in V1, 
different visual stimuli produced differ- 
ent 2DG patterns. During the course of 
this study, many different visual stimuli 
were used. In a typical experiment, one 
stimulus characteristic (for example, ori- 
entation, color, spatial frequency, tem- 
poral frequency) was held constant while 
others were varied. More than half of the 
monkeys viewed binocular patterns, and 
in these cases the binocular disparity 

was often varied. The monkeys were 
then killed, and the brains processed for 
histology. Early experiments (15, 16, 18, 
19) indicated a columnar organization of 
function in V2; in order to see the topog- 
raphy of these columnar systems clearly, 
we mounted both V2 and V1 flat and cut 
our sections parallel to the flat-mounted 
cortical surface (20). 

In order to label long-term differences 
in metabolic activity, many of the same 
tissue sections were treated to reveal 
cytochrome oxidase, a metabolic en- 
zvme found in all neurons. Concentra- 
tions of this enzyme reflect variations in 
neural activity over periods of weeks or 
months (10, 21, 22). 

We also stained some sections for my- 
elin with hematoxylin and Luxol fast 
blue. In this report, we only include data 
from macaque and squirrel monkeys, but 
we have seen many of the same anatomi- 
cal features in several other primate spe- 
cies. 

Since we wish to emphasize the paral- 
lels between V1 and V2, we will first 
briefly describe what is known about the 
V1 spots and then what we have found 
about the V2 strips. Area V1 contains 
spotlike regions of high long-term meta- 
bolic activity (as measured by concentra- 
tions of cytochrome oxidase), surround- 
ed by regions of lower activity (Fig. 1A) 
(10-14). A less prominent (but othetwise 
identical) array of spots appears in un- 
derlying cortical layers (Fig. 1B). Spot- 
like differences in cytochrome oxidase 
activity coincide with certain differences 
in 2DG activity (10-12, 17, 18), in the 
distribution of putative neurotransmitter 
(14, 22), in single-unit functional proper- 
ties (23), and in afferent terminal distri- 
bution (23, 24). 

Striplike regions of high cytochrome 
oxidase activity are seen in V2, in the 
area surrounding V1 (Fig. 1A). The cyto- 
chrome oxidase strips are most obvious 
in layers 4, 5, and the lower part of layer 
3 (Fig. lB), but they often extend 
through all cortical laminae. Thus, the 
strips are basically a columnar anatomi- 
cal organization. The strips run approxi- 
mately perpendicular to the V1-V2 bor- 
der in all the primate species we have 
examined. In the squirrel monkey, the 
strips are about 0.4 to 0.7 mm wide with 
an interstrip spacing (center to center) of 
about 1 to 1.5 mm. In the macaaue. the 
strips are slightly wider, with center-to- 
center spacings of about 1.5 to 2.5 mm. 
In the lower layers, the strips are alter- 
nately thick and thin (Fig. 1B). In the 
squirrel monkey, the thin strips merge 
with the V1-V2 border, but the thick 
strips fall short of this border by about 
0.7 mm. 
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