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The commentary by Rosa et al., argues that while a V3-like area (VLP), termed VLP,
is present in the V3v region immediately adjacent to the ventral half of V2; dorsally,
a V3d is not found along the dorsal half of V2 in any primate species. Instead, the
dorsal region (which represents the lower visual field) of the VLP is displaced more
anteriorly. In place of a V3d, they contend that both an upper and lower field rep-
resentation begin immediately adjacent to a portion of dorsal V2, forming the
upper and lower quadrants of the dorsomedial visual area (DM). While in the
Lyon & Connolly [1] review we also support the existence of DM, the key difference
with Rosa and co-workers is that our DM is displaced by a V3d. This V3d forms a
mirror reversal of the lower field representation in V2 and is approximately half the
width. The view presented in the Rosa et al.’s commentary is based on retinotopic
maps from Rosa’s group and connection patterns from Angelucci’s group, with all
of the work being conducted in marmoset monkeys. As we presented in the orig-
inal review not only does a large body of anatomical and mapping data in several
species other than marmoset support the Lyon & Connolly interpretation of a V3d
[2-15], the original work that led Jon Kaas and me to the re-interpretation of a V3d
in place of DM was with marmosets as well [16].

Why does the Lyon & Kaas interpretation differ from Rosa and co-workers?
As explained in the Lyon & Connolly [1] review, microelectrode maps can be rein-
terpreted to support a V3d. While the presence of the upper field representation
for cells found just beyond the dorsal V2 border is used by Rosa as evidence for a
DM, the receptive fields in these examples actually include a substantial portion
of the lower visual field and therefore can just as well be used to support the hori-
zontal meridian representation of a V3d. We agree with Rosa’s commentary that
this observed retinotopic progression at the outer border of V2 is consistent with
what one would expect the emergence of the upper field representation in DM to
resemble, but it is not conclusive as it is also the pattern one would expect for a
narrow V3d. Furthermore, while microelectrode mapping can provide detail at
the level of individual neurons, reconstructions of electrode tracks using coronal
sections make it more difficult to translate the pattern onto a two-dimensional cor-
tical surface. As noted in our review, techniques such as intrinsic signal optical
imaging of the cortical surface in lisencephalic primates and fMRI in macaques
and humans provide a better global view for evaluating retinotopic patterns,
and the evidence overwhelmingly favours a V3d, not only for the limited studies
in New World monkey [9,17,18] and prosimian galago [19], but also in the exten-
sive work on Old World macaques and humans [1,2,4,20-23] (see fig. 5 in the
original review [1]). Thus, possible aberrations from microelectrode mapping
such as the three horizontal meridians, two of which are entirely separated
from each other, and the two entirely separated foveal representations in DM por-
trayed by Rosa and co-workers (see fig. 1 in their commentary), are not found
using intrinsic signal imaging. Rather, imaging shows a clear lower field only rep-
resentation along the outer V2 border with a single horizontal meridian (along the
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outer border of V2) and a single foveal representation, all con-
sistent with a V3d [9] (for more details, see figs 3 and 4 in the
original review [1]).

The new anatomical evidence from Jeffs et al. [24]
highlighted in the commentary does provide more detailed
connectivity patterns than previously published as they
used up to as many as seven tracers in dorsal V2 across a
narrow region, as well as several injections in DM within
individual marmosets. By contrast, my work on marmosets
made only one tracer injection per case into dorsal V2 or
DM, and up to five injections per case into V1, but these
were spread over a wider area [16]. While Jeffs et al. [24] inter-
pret the superbly detailed results as supporting an area DM
in place of a V3d the inability to accurately determine, the
outer border of V2 from ambiguous cytochrome oxidase
(CO) architecture and potential damage caused by several
injections being made at or near the V3d region leaves this
conclusion in doubt.

As explained in the initial review [1] and in my
publications with Jon Kaas, we have maintained that
the primary discrepancy between Rosa’s, and now Jeffs’
work, and ours is that a narrow V3d, about half the width
of V2, is found between V2d and DM. An overestimate of
the outer border of dorsal V2 will result in a larger V2 that
effectively consumes V3d within it, leading to the interpret-
ation that V3 is not present. Thus, the difference in
interpretation is not due to the fact that only four to five tracers
were used for our injections into marmoset V1 [16] and up to
seven tracers were used in V2 by Jeffs et al. [24], it is rather that
we interpret the outer border of V2 to be in a relatively differ-
ent location, rostrocaudally. The provided CO stains in Jeffs are
particularly useful for determining the V1/V2 border and the
MT/MTc complex [24]. However, in their examples, it is diffi-
cult to identify with much certainty the outer border of V2;
this border largely seems to be estimated and is much larger
at the widest portion of dorsal V2, approximately 4 mm in
their fig. 6 [24], than the 2.5-3.0 mm range found in Lyon &
Kaas [16]. This larger estimate likely places V3d at the outer
1 mm of Jeffs” dorsal V2. In support of this, an injection near
the outer region of their V2 actually exhibits a V3d-like charac-
teristic pattern of connections. This can be seen in figs 3 and 5 of
Jeffs (blue tracer), where a V3d-like pattern of label is even
acknowledged by them. This injection densely labels the
outer border of dorsal V2, and in my opinion, the inner
border of V3d, but that pattern is not represented in summary
figures of Jeffs et al. [24] nor in the summary figures in the
commentary of Rosa et al.

In fig. 7 of Jeffs et al. [24] the overall pattern of many of the
tracers does seem to emphasize a VLP/VLA border much
more so than a V3d region, which is quite intriguing. How-
ever, my concern is that the large fast blue injection that is
placed right where I would have located V3d, because I
would have the outer V2 border at least a millimetre caud-
ally, may mask some of the V3d pattern of label. By
contrast, injections made in dorsal V1 in my own work with
Kaas leave the V3d region totally unperturbed and show clear
and robust labelling in both V3d and the VLP/VLA-like
region. This is found in marmosets (see fig. 3 in Lyon & Kaas
[16]) and in several other primate species [6—8]. For example,
as shown in figure 1, where three tracer injections were made
in relatively close proximity in V1 of a New World squirrel
monkey [8], the yellow-outlined DLc and DLr region (caudal
and rostral subdivisions of the dorsal lateral area; a region
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Figure 1. Connection patterns following tracer injections across adjacent
locations in V1 of a squirrel monkey. Adapted from Lyon & Kaass [8]. The
yellow highlighted region shows a connection similar to that the VLP/VLA
label shown from the high-resolution tracer mapping by Jeffs et al. [24].
However, the point of showing this example is that robust labelling is also
present in V3d; unlike the results from Jeffs et al., which report little if any
V3d-like connectivity patterns. As discussed in the text, such a difference in
results is likely due to different interpretations of the width of dorsal V2 and
to potential damage of the V3d region by placing so many injections in the
immediate area.

that may be homologous to V4 in macaques [7,25]) is in the rela-
tive location of VLP/VLA portrayed by Rosa and co-workers
and has a pattern of label that looks very similar to that
shown for VLP/VLA in fig. 7 of Jeffs et al. [24]. Yet, in addition
to this VLP/VLA-like label, there is also substantial label in the
expected location of V3d along the outer border of most of
dorsal V2 (figure 1).

It is also worth noting that for some of the tracer injections
in fig. 7 of Jeffs et al. [24] (see fig. 8 as well) a V3d pattern is
actually visible if one uses a smaller 2.5 or 3 mm estimate of
the width of V2. For example, the green and red tracer pat-
terns of label just anterior to the injection sites are in what I
would consider to be V3d; however, the pattern of label
that could be seen in V3d is somewhat obfuscated by the
large blue injection site that is probably in V3d. The V3d
location of the blue injection seems clear because all blue
label in V1 is in the lower visual field representation, and
that the horizontal meridian in ventral V2 and what I
would consider V3v are also labelled (which would be
expected from an injection on the horizontal meridian, as
shown previously by Jeffs et al. [26]). If, on the other hand,
the blue injection is partially overlapping the upper field
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representation of DM, as portrayed in the figure, blue label
should be in the upper quadrants of V1, V2 and MT, but
this is not clearly supported by connection patterns that
show label in either the lower field representation of V1 or
tightly along the horizontal meridian in MT and V2.

In summary, it seems likely that differences in the local-
ization of the outer border of dorsal V2 is the primary
reason for the very different conclusions regarding V3d
and DM following the analysis of connection patterns
[6-8,16,24]. Even while more anatomical studies would

certainly help in evaluating whether or not there is a DM
or a V3d immediately adjacent to the outer border of
dorsal V2, the preponderance of evidence from imaging of
retinotopic maps in monkeys and humans [1] is overwhel-
mingly in favour of V3d. Nevertheless, future studies,
combining both imaging and connectional approaches in
the same animal, can perhaps finally resolve the controversy
over the third tier of primate visual cortex, allowing us to
turn our full attention to controversies concerning the
fourth tier [25,27-29].
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