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Figure 1. Visuotopic organisation of areas V1 and V2. A, Medial and lateral views of the
right cerebral hemisphere of a marmoset monkey, indicating the locations of V1 and V2. In
the medial view (top left) the banks of the calcarine sulcus have been separated to reveal
portions of these areas. The star indicates the representation of the centre of the foveola,
and isoeccentricity contours are indicated by fine dotted lines. The topological relationship
between V1 and V2 on the medial and lateral surfaces is indicated by the arrows. B, A
schematic unfolded representation of V1 and V2 indicating the locations of the representa-
tions of different parts of the visual field. In this diagram, different visual field locations are
indicated by different grey shades and symbols, which are summarised in a schematic
view of the animal’s contralateral hemifield (C). The representation of the central 1� of the
visual field is indicated in black, and progressively more eccentric parts of the visual field in
gradually lighter shades of grey. Representations of the vertical meridian are outlined by
the black squares, representations of the horizontal meridian by white circles, and those of
the temporal perimeter of the visual field by dashed lines. The “+” and “-” signs indicate
representations of the upper and lower contralateral quadrant, respectively. C, Schematic
representation of the animal’s left hemifield, with four points located along an isoeccentric
arc (a-d) indicated. Note that while the representation of this arc in V1 is continuous (B), in
V2 it is not; points above and below the horizontal meridian project to non-adjacent sets of
cortical columns in this area. In this and all subsequent figures, the visual hemifield is
illustrated from the experimenter’s point of view (see top right of panel C).

1The vertical and horizontal meridians are the axes of reference usually employed in describing visuotopic organisations. The vertical meridian is an imaginary vertical line
through the fixation point, which subdivides the visual field into right and left hemifields. It corresponds to the line of decussation between the left and right hemiretinae.
The horizontal meridian is a line perpendicular to the vertical meridian, through the fixation point; it subdivides each hemifield into an upper and a lower quadrant.
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Figure 2. Different types of visuotopic map can be seen as topological transformations of the V1 map. Top left, Schematic representation of the visual
hemifield, illustrating the coding of different visual field parts used in the maps shown in A-C. A, “Simple” field discontinuity maps, such as V2, can be
imagined as a result of cutting and physically separating a first-order representation map. B, Visuotopic maps can include secondary field discontinui-
ties, such as those observed along the rostral border of primate V3 (circle and triangles). C, More rarely, maps may include map discontinuities, regions
where the receptive field coordinates change suddenly. For example, in the dorsomedial (DM) area of marmosets the central and peripheral parts of the
upper contralateral hemifield are represented in spatially segregated sectors. This transformation can be imagined as the result of cutting off an entire
“island” of cortex, and re-attaching it to the map with a different orientation. As a result, there is a small region along the rostral border of DM where
cells with receptive fields in the mid-peripheral region of the upper quadrant adjoin cells with receptive fields in the central lower quadrant (map
discontinuity). Note, however, that this transformation preserves the continuity and the centroperipheral axis of the horizontal meridian representation
(white dashed line), resulting in a congruent border between DM and V2 (see also Figure 3).
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Figure 3. Supra-areal visuotopic organisation of primate visual cortex. A, Lateral view of the
right hemisphere of a marmoset monkey, illustrating the anatomical relationships within the
cortical region shown in part B. In generating this figure parts of the cerebral cortex normally
hidden from view (those located along the dorsal midline and ventral surface) have been
graphically “unfolded”; moreover, an artificial discontinuity has been introduced along the
horizontal meridian representation in V1 (arrows). The grey lines indicate the boundaries of
cortical areas, according to a scheme of subdivision based on physiological mapping and
architecture (6,10,29). B, Magnified view of the same map, with the visual topography
indicated. The thick dashed lines indicate the dorsal and ventral limits of the cortex that is
normally exposed on the dorsal and lateral surfaces of the brain. The numbers to the left of
V1 indicate the range of receptive field centre eccentricities observed within the regions
coded by the different tones of grey (0-2�, 2-4�, 4-8�, etc.). Representations of the horizontal
meridian are indicated by white circles, representations of the vertical meridian by black
squares, representations of the upper quadrant by the “+” signs, and those of the lower
quadrant by the “-” signs. Although it is likely that visuotopy extends beyond the areas
shown in this figure, the detailed organisation of these maps has not yet been established in
the marmoset. POm, parietooccipital medial area; M, medial visual area; DM, dorsomedial
area; DA, dorsoanterior visual area; DI, dorsointermediate visual area; MT, middle temporal
visual area; MTc, middle temporal crescent; ITc, caudal subdivision of the inferior temporal
visual area.
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Development and evolution of visuotopic maps
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Supra-areal visuotopic organisation
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Summary: the main rules of cortical
visuotopic organisation
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Implications for developmental
mechanisms guiding the formation
of cortical maps

=���
	�����
��
�
���	���������	
����	
���
����������
����	��
���� 	
����
�������������
	
������
		����$���
���	������(����	
��������



1492

Braz J Med Biol Res 35(12) 2002

M.G.P. Rosa

	
���������	
�����
���	��
��������#2���,����
������ 
	� 
�� ����� �����	��� 	
�	� 	
�� ����	
�
���
��
�����������
���	
������
�
��	
�����
���	
���� ������ 
���� ������ 	�� ��� ����
��	��
�#5�#7����
���� 
	�������� 
��	���	
��� �	� 	

�
��
�	�	������
����	
��
���
��	
�����

�
�	
�
�
����	��
�	
����������	����������
�����������
����
��������������	���
������	
����������
�����	�

>�����	��
����������
���	
�������	
�����
�
���	��
������������	�������
������������
�	��
��� ��� ��	
������
�
��	� ������	
���� ���
���
�����
����	
�������
�������
�������&8�����
	
���� ��� ��	
����� ����
��	�� ��� ����� �������
�
��
����� ���
��� 	
�� �����
	�� ��� 	
�� ������
���	�	
��������
�
����������	��$����	��	
�
�
�����$
��	��	����	����

������	
������/
����
�
���0� �	��� ��	���
���� 	
�� ������� ���	����
��� 	
�� ����� ���
� ��� 	
�� ��
��	�	
��� ��� 	
�
���	������
�
����� �$
���!����	
�
	���������
��	� �	���� �������� ����� �������	�� ��	���
�

�����	
�� ���	��	�� ���� 	
������ 
�� ���������
���
����� 4
����	
���� ��� ��	
�
	����������	
���������� 
�� ���	
����� ���	�
���� �	���	����
������� �����
��
	
� �
���� 

�	����
���� �
�
	��

���� 
��
��	��� 	
�	� �
��	������� ��������	��
	
�����������������	������������.�
�
�������
	���������� ��		������ 
���	�� ���� *���
��
������ �&���� 9
���� 	
�	� ��	
���� �� ������� 
�
���
� �� ��������� ��	���
���	� ��� �������	��
��	
�
	���&"���
	�
���
����
�����������
����	
�	
������
�������������	
���	
�������	�������
�
	
��������������
��	
�����	���	�����������
�
��������	
�����
�����	
����
����	
�����	
�
	��
��
�����	����&#����
��
�
	
�����
����������
��
���������������������
����������
����������
������� �	��	
��� ��
�	� ���� 	
�� ��	
�
	�����
������	��	������

�
�
����� 	���$���
������
�
�	��������	
���������	�����
��
�
������

�
�����	�	
�	��
���	����
������	
���������
�
�	��	� ������� 
��
�
������ ������	�� 	
�	� �
�
��
��������
�
��	
����	�������������
�����
	��
��� 	
��
�
	
����	�����������	
������������
��	
������	
���
�	
����
������
���
���������
	�$� ����
��� 
��������
��� ���� ��	����	
��
���
��
���� 
���� ����� ��������� �&&��� ��
���
	
����	
����
������	��	
�����
������	������

���	�	
�	������	
�
	����������	���������	�
�

�������� 
�� 	
�� �����	
������ ���	
��������
�������&'���=���
	��	
���������������	
���������	
����	� 	���
����	��	��
����	��
�	
���������	
�
����������	
�	������	�����������	�������������
������ ��� ���	
���� ���� ����������	�� +
��	�
	
�� �������
��� ��� ���	
���� ������ ���� ������
�
���������
���6����	������	���
��
����
	

���
���� ���

	��	����� 	����
	
����� 	
���� ���

��� ��� ��
������ ��� �
���� 
�	�����	
���� 
�
��������� ��		����� ��� 
�	�
��
�� ������	
���
������� �������� �&1�&2���?�	
���� ���	
���� ���
���� ������ ��� �
����� ��� ���������� ����
��

�	�����
��	
����4������������	�
����������
����������	�����	
�������	
����
�������������

�� �� ����	� �������� 
�� ����	� ���	�$� 	�(��
�������������������	
��
	��
��	
�����������
	�	
����
	

�����
�����������

���������������
�������������	
����
����	�������
��
����$
�
�
������	
��
	

�������������������������
��
�����
�����������	
����������	�	
�	��
����
���	
���������������	�/
���������	0�������

�	
��������	
�	�
	�������	�����������
�	��	�
	

�(� 
�� 	����� ��� 	
�� ����������	� ��� ���

�����������	����

-�������
�
�
	��
��	
�	�	
���
����	��
�	
��
������
����	
����������������
�
���
��������
��	���� ������
��� 	�� 	
�� ����� ���
��
���
�

�
� ���� (����� 	�� ��
��� 	
�� �����
�� ��
������	
��������)�/����
��0��������
��������
�����	���������
��	�������������������
�����
�
�������������������������������	
���������
������	�����	
�����
�	����	
������4�����	����
	

�� 
���	
��
�� ������ ����� �	��
��� ��� 	
�
��
���������	����������������
��������
�
�
��	
������	
�����
���	������$
�������������	��
	
�����������	������
���	�������	���	����������
�
�	�
��	
��� ��� %�
�
��!'� �&5��� �
�� 
�	���
��������������������	�������
��
��	
������	
���	�$�����������������.�������������
��	�
��� ����� �������� ���(���� �

�
� �������� 	
�
�������
�������������
��������6������$������
��������
(���
�	�
��	
���
��
��	
���	
�������
	
��� ��� �� ���	
���� ���
�
��� ��������	�	
��
��������� /�
����0� ������� 	��� ��	���� ������
�

�� ��������� �
	
� 	
�� ����� ������
��
��	����	
����������
��
����
�����	�������

��



1493

Braz J Med Biol Res 35(12) 2002

Development and evolution of visuotopic maps

�
	
� 
���������	� ���������� ����
��	�� ���
���
� �������
��� ������*�������� ���� �����
�����
	
�	
����������������
�
��	
���
����
	
��
���
���
��	
��������$��
�	�
��	
�����		���
����������������������������.�
����	����

���
	
����������������������������	
������������
��� ������������� ��������	�	
���� ����� 
���
�
��������	�$���3

���	
����	�
��������
��	������
��������	�	
���������������
�
������	
�����
�
��������	�������	��
������
��	��������������
����� ���������� ������� ���	�����
�
����� ���
��������	������ 	
�� ����
�
��	
��� ��� �������
������ ��������	�	
������� 	
�����
�����������
��	�� ��
�
��� ����� �� �
��	������� ���� �����
��.�
��� ����� �����
��	���� ���� ���������
	��
����		������������������
�	�
��	
����+��
�$�������	
�����������"���#������&������
��.�
��� ���������� ����
��
��� �� ��	�	
��
����������
�
����� ����
��	� 	�� �
�	�
��	�� �
�
���	��������������	
���
��������	
���������
	�� 	
�� ������� ���� ���	���� �$	���
	
���� �
�
����
�
��	
��������������������������������
����� �����
��	���� ���
���� ��.�
�
��� ��	���
��	
����������
(���
�	�
��	
����

!����	����	
���	��	

��������$����������
��		����
��	��
����������(������������
�
��
���������������������������
������	�������

�
/���
���0� ���� 	
�� ����������	� ��� �� ����	
�����6� 	
�� �
���	���� 
�� 	
���� �	
��� �����
������ 	
��� ��� �������� ���
���� ��� ��	
�
	��
��������	� ����������� @�	� ��� ����
����� ���
�$������� 	
�	� 	
�� ��� ���� ��������� 
�� �
�
�
���� ������� 	�� 	
�� ����
������ ���� �
����
������ ����	
�� ����
�
��	
���� �
��
���� ��
�	
���
�������������������
�����	�������	
�	
	
���"���������������
�����������
	��������

���	��*���
���������
�����������������	��
��	
������	
�
	����
�������	�����������������
�����	� ��������� �
	
� ��� ������ ��� ����
�
�
��	�����
	
���	���
�
	�	
���������������
���
�"�����
����	
����	��	
��������������$���
�
���	����� 
�� ����	� ��
��	��� ������� ������ ����
	
�����	��
��������������"���������������
��

���������	
����
����������	
�����	
�������
�
�
������

��
���	
��
������
�	��	
���$
�	����
��� �� 	���� ��� ��������� 
�	����	
��� ���
��� 	
�
��	
�
	����������	��	������

�
��
�
	���� ��

Figure 4. Schematic view of the development of visuotopic maps according to the
“molecular anchors” hypothesis. In these diagrams, dashed lines and continuous grey
scale gradients indicate regions undergoing early stages of the process of visuotopic map
formation. A, Two primary visual maps (corresponding to adult visual primary (V1) and
middle temporal (MT) areas, the only first-order representations in the adult brain) are
specified early in development, either by gradual distributions of cell surface chemoattrac-
tant/chemorepellent molecules (40) or by spatiotemporal patterning of the afferent projec-
tion (44). B, With the V1 and MT maps defined, the visuotopic maps in adjacent areas (V2
and MTc) start to self-organise around these “anchors”. Two rules guide this process: 1)
the receptive fields of neurones in adjacent columns must overlap, and 2) the gradient of
representation does not revert within a given area (arrows). This ensures that the same
part of the visual field is not represented more than once in a given area, except along its
boundaries. C, At a later stage of development, additional maps (e.g., V3 and V4) self-
organise, using the established maps of V2 and MTc as “anchors”. Throughout pre- and
post-natal development, activity-dependent mechanisms allow the fine-tuning of the maps.
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Figure 5. A, Flat-mounted vibratome slice through the brain of a marmoset. Caudal is
towards the left, and dorsal towards the top. This slice has not been stained, and the
borders of primary visual (V1) and middle temporal (MT) areas are made visible only by
differences in myelination (highly myelinated areas appearing lighter). Although the rostral
border of V2 is only faintly visible in this type of preparation, it can be easily defined in
cytochrome oxidase-stained material. B, Surface areas of V2 (light grey) and MT (dark grey)
as a fraction of the V1 surface, in seven species of primates. All measurements were
obtained from flat-mounted sections stained for myelin or cytochrome oxidase. C, Graphi-
cally “unfolded” reconstructions of the posterior neocortex of three species of diurnal
primates with different brain sizes (note different scale bars at the bottom of each panel).
The extents of V1, V2 and MT, as well as the location of rostral border of V3, are indicated.
Left: marmoset; middle: macaque; right: human (from Ref. 53). In order to reduce the
distortions introduced by the graphic unfolding, discontinuities were introduced in the
maps, either along the perimeter of V1 (left, centre) or across this area (right). The human
map does not indicate the full extent of V1 and V2, as only the central 15-20� of the visual
field were mapped, using non-invasive imaging techniques.
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Figure 6. Alternative hypotheses
regarding the organisation of the
third visual complex. Lateral views
of the brain of a New World mon-
key, illustrating two models of the
organisation of the cortex imme-
diately anterior to V2. These are
graphically “unfolded” views of
the cortex hidden in the medial
and ventral surfaces of the brain.
Light grey indicates representations of the upper contralateral quadrant (or parts thereof), and
dark grey indicates representations of the lower contralateral quadrant. A, Hypothesis based
on the results of electrophysiological recordings. According to this view, the dorsolateral and
ventral regions of extrastriate cortex include a field homologous to area 19 of most mammals,
named the ventrolateral posterior area (VLP), or V3 (6). Because neurones with receptive
fields in the upper quadrant have been recorded immediately anterior to V2 in the dorsome-
dial cortex, the extension of V3 to the dorsal midline is regarded as unlikely. Instead, it is
proposed that a dorsomedial area (DM) exists in this region. DM and V3 also differ in terms of
myeloarchitecture. B, An alternative hypothesis, based on the results of anatomical tracing
(60). As in the first diagram, the cortex anterior to ventral V2 forms a relatively simple
representation of the upper quadrant. However, it is hypothesised that the dorsomedial
cortex anterior to dorsal V2 lacks upper quadrant representations. Instead, it is proposed that
a simple strip-like dorsal V3 exists in the corresponding location, representing only the lower
contralateral quadrant. V1, V2, MT: primary, second and middle temporal visual areas.
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