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Retinotopic specializations in the ventral visual stream, especially
foveal adaptations, provide primates with high-acuity vision in the
central visual field. However, visual field specializations have not
been studied in the dorsal visual stream, dedicated to processing
visual motion and visually guided behaviors. To investigate this,
we injected retrograde neuronal tracers occupying the whole
visuotopic representation of the middle temporal (MT) visual area
in marmoset monkeys and studied the distribution and morphol-
ogy of the afferent primary visual cortex (V1) projections. Contrary
to previous reports, we found a heterogeneous population of
V1-MT projecting neurons distributed in layers 3C and 6. In layer 3C,
spiny stellate neurons were distributed mainly in foveal represen-
tations, while pyramidal morphologies were characteristic of periph-
eral eccentricities. This primate adaptation of the V1 to MT pathway
is arranged in a way that we had not previously understood, with
abundant stellate projection neurons in the high-resolution foveal
portions, suggesting rapid relay of motion information to visual area
MT. We also describe that the medial portion of the inferior pulvinar
(PIm), which is the main thalamic input to area MT, shows a retino-
topic organization, likely reflecting the importance of this pathway
during development and the establishment of area MT topography.

nonhuman primate | spiny stellate neurons | pulvinar | retinotopy |
primary visual cortex

he visual system of primates comprises multiple interconnected

cortical and thalamic areas. Neurons in a subset of areas are
arranged into visual maps, derived from the retina and enforced
through topographically organized cortical (1, 2) and thalamic (3)
connections. This can be expressed as a strict first-order mapping
of the visual field across the brain tissue, as observed in the lateral
geniculate nucleus (LGN), primary visual cortex (V1), and middle
temporal visual area (MT or V5), or a fragmented mapping with
discontinuities, as observed in many extrastriate areas (4).

Visual area MT, a small extrastriate cortical area that processes
visual motion, has been the subject of numerous anatomic and
physiological investigations, as it is central to the functional or-
ganization of primate cerebral cortex. The evolution of area MT
seems to be unique to the primate lineage (5); its early develop-
ment, connectivity, and critical role in dorsal stream maturation
indicate that MT is a primary-like area (6-8). In the adult, the
main inputs to area MT arrive from the primary visual cortex (V1)
(9). In early development, area MT receives strong input from the
medial subdivision of the inferior pulvinar (PIm) in the thalamus,
which is the recipient of retinal input (10, 11). While the visual
topography of connections between V1 and MT is well established
(12-14), the topography of the thalamocortical projection from
PIm has not been determined. Thus, if the primary-like area
theory for area MT is correct, then area PIm would be expected to
present a first-order visual topography.

To investigate whether a first-order representation of the vi-
sual field is present in the PIm, we performed multiple injections
of neural tracers in area MT of the marmoset monkey (Callithrix
jacchus), covering the entire representation of the contralateral
visual field (Fig. 1 A, B, and B’). Subsequently, we analyzed the
input from the PIm to determine whether neurons there were
arranged in a visuotopic'manner (Fig. 1C and SI Appendix, Fig.
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S1). In parallel, we were able to study in detail the anatomy of
the V1-MT connection stemming from the same injections in
MT. In the macaque, the main input to MT originates from layer
3C of V1 and is organized by partially segregated pathways
originating from cells with different morphology: spiny stellate
neurons, which carry mainly magnocellular (motion) informa-
tion, and pyramidal neurons relaying more complex magnocel-
lular, parvocellular, and koniocellular inputs to MT (15). In New
World monkeys, including the common marmoset, the anatomic
specialization of this projection has been controversial, since
previous authors did not find spiny stellate neurons in the cor-
responding layer of V1 (13, 16, 17). The suggestion that this
population of cells is absent from the New World monkeys is at
odds with much of our understanding of the evolution of the
visual cortex, especially the theory that both V1 and MT have
“anchored” the evolution of the primate visual cortex (4). To
address the critical nature of area MT in the primate visual
cortex, we studied the neuroanatomy and morphology of the
MT-projecting V1 neurons in relation to their visual topography,
mapped the retinotopic organization of the PIm-MT connection,
and evaluated their functional implications.

Results

Area MT Is the Recipient of a First-Order Retinotopic Input from the
Medial Subdivision of the PI. Stereotaxic injections of anterograde
and retrograde neural tracers into specific retinotopic regions of
area MT (SI Appendix, SI Methods) revealed a first-order visuo-
topic organization in the PIm. The retinotopic map of the PIm
contained upper and lower visual field representations. The hori-
zontal meridian (HM) was represented obliquely, dividing the PIm
in 2 (Fig. 1D). In the most caudal third of the PIm, the upper visual
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Fig. 1. Multiple MT tracer injections revealed a topographic organization of the PIm. (A) 3D reconstruction of a marmoset brain highlighting area MT and
V1. (B) Graphic representation of all the injection sites in area MT. Each color represents one injection. Details are provided in S/ Appendix, Table S1. (B')
Representative examples of MT injections at different eccentricities in the upper and lower visual field representations. (C) Photomicrographs of pulvinar
sections showing retrograde labeled cells in PIm. Numbers indicate the corresponding injection sites in B’. Dashed lines indicate the borders of the PIm,
delineated by calbindin (CB) immunohistochemistry. The arrow indicates the band of anterograde labeling in the foveal representation of the lateral pulvinar.

(D) Proposed visuotopic organization of Pim. (Scale bars in C and D: 1 mm.)

field had a broader representation and was located ventromedially.
In the middle third of the subdivision, the HM divided the PIm
into 2 halves, with the upper field located medial to the HM. The
rostral portion of the PIm was largely occupied by the lower visual
field in the lateral part of the structure.

The representation of the vertical meridian (VM) was located
on the boundaries of the PIm, juxtaposing adjacent PIm subdi-
visions (PIcm and PIp). PIm neurons projecting to foveal rep-
resentations of area MT were located in the most dorsal portion
of the PIm, while neurons connecting to peripheral eccentricities
were located ventrally (Fig. 1D). In our estimated PIm visuotopic
map, and similarly to the lateral geniculate nucleus (3), foveal
and parafoveal eccentricities (0 to 5 degrees) occupied 36% of
the area, while 70% of the PIm area was devoted to the first 20
degrees of eccentricity.

Interestingly, in addition to the well-established connection
with the PIm, we found a foveal specialized connection between
MT and the lateral subdivision of the pulvinar (PL). Tracer in-
jections in the foveal representation of area MT revealed a band of
mostly anterograde labeling in PL that was not observed following
injections in other eccentricities (Fig. 1C). This MT-PL connection
corresponded to the foveal topography previously described in the
primate PL (18-20).

All retrogradely labeled cells in the PIm expressed the gluta-
matergic marker glutaminase (Fig. 24) and were weakly immu-
nopositive for the calcium-binding protein parvalbumin (PV) (Fig.
2 B and C). In PIm, 2 populations of PV* neurons were present:
those that weakly stain for PV, which have been suggested to be
projection neurons associated with “driver”-type thalamocortical
inputs (21, 22), and those that highly express PV, morphologically
similar to interneurons (SI Appendix, Fig. S2). Here we confirm
the glutamatergic phenotype of the PIm-MT relay. Interest-
ingly, all retrograde-labeled PIm-MT projecting neurons were
immunopositive for Ca®*/calmodulin-activated proteln kinase
I alpha (CamKlIla) (Fig. 2D). CamKlIla expression was re-
stricted to PIm, showing no positive immunoreactivity in PIp or
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PIcm (Fig. 2E), suggesting a different function for the different
PIm subunits.

LGN-MT Neurons Are a Small Population. In agreement with pre-
vious descriptions in the marmoset, we found a small population
of neurons in the koniocellular layers of the LGN projecting
to area MT (7). In fact, LGN-MT neurons were 0.8 + 0.5% of
the total retrograde labeled cells; PIm-MT neurons were
23.4% +8.6, while V1-MT neurons were 75.8% + 8.5 (n = 14 injec-
tions, 10,344 total neurons; 7 animals) (SI Appendix, Fig. S3). Similar
to the macaque, LGN-MT neurons were immunopositive for
CamKlIlIa (23) (ST Appendix, Fig. S2B) and had a retinotopic
organization as described previously (3).

V1-MT Projecting Neurons Are a Heterogeneous Population. Retro-
grade neuronal tracer injections in area MT revealed that there
were different morphological populations of labeled neurons in
V1. Cells were principally located in layer 3C (82%), layer 6
(15%), and layer 5 (3%) (Fig. 34).

In layer 3C, 4 morphologically different populations of neu-
rons were identified; large pyramidal neurons, small pyramidal
neurons, large spiny stellate neurons, and small spiny stellate
neurons (15%, 59%, 8%, and 18%, respectively of the total la-
beled neurons in layer 3C; n = 10,919 neurons, 16 injections, and 8
animals) (Fig. 3B). Pyramidal neurons, both large and small, could
be discerned by the presence of an apical dendrite extending
perpendicularly toward the surface of the cortex and a cluster of
basal spiny dendrites Large pyramidal neurons had a triangular
soma (>160 pm 223 + 50 pm?), while the small pyramidal neuron
soma (<160 pm?; 105 + 31) was normally more rounded (Fig. 3 B,
Top). For both large and small spiny stellates, the dendritic arbor
projected radially around the soma and was mostly confined
within the limits of layer 3C. Large stellate neurons were lo-
cated in the most ventral portion of layer 3C, with some of their
dendritic ramifications extending into the magnocellular re-
cipient layer 4A (Fig. 3 B, Bottom Left). Large (231 + 62 pym?)
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Fig. 2.
Photomicrographs showing a retrograde labeled neuron expressing the gluta-
matergic marker glutaminase. (B) PIm-MT neurons immunoreactive for PV. (C)
Colocalization of glutaminase and PV in retrogradely labeled PIm neurons. (D)
Retrogradely labeled PIm neurons immunopositive for CamKlla. (E) Low-power
micrograph showing CamKllx expression restricted to the Pim and absent in the
adjacent subnuclei (Scale bars: 20 pm in A, B, and E; 5 pm in G, 50 pm in D).

Immunochemical characterization of PIm-MT projecting neurons. (A)

and small (109 + 32 um?) stellates were distinguishable by soma
larger and smaller than 160 um?, respectively (Fig. 3C). Sholl
analysis performed to quantify the morphological characteris-
tics of the 4 populations of cells revealed that spiny stellate
neurons had a significantly more complex basal dendritic or-
ganization compared with pyramidal neurons (Fig. 3D), allowing
the 2 populations of cells to be distinguished. However, there was
no significant difference in dendritic organization between large
and small cells of the same phenotype (SI Appendix, Fig. S4).

The percentages of the different populations of neurons in
layer 3C varied depending on their location within the retinotopic
representation of the visual field (Fig. 3 E and F). In operculum
V1, where foveal and parafoveal eccentricities of the visual field
(between 0° and 5°) are represented, we observed the highest
numbers of spiny stellate neurons (36.1% small stellates and
16.3% large stellates) (Fig. 3E). Within the operculum, the num-
ber of spiny stellate neurons decreased following a lateromedial
gradient (Fig. 3F), revealing that a greater number of stellates are
associated with more foveal representations, while along the me-
dial surface of V1 and through the calcarine sulcus, the majority of
neurons had a pyramidal morphology. Interestingly, spiny stellate
neurons in these areas were concentrated around the horizontal
meridian representation, in the fundus of the calcarine sulcus (Fig.
3C). The number of pyramidal neurons increased following an
anteroposterior increasing gradient.

In regions of V1 where eccentricity was below the first 20
degrees, cells within layer 3C were grouped forming clusters of
the same morphology (Fig. 3 B, Top Left). Previous studies in the
macaque monkey (24) showed that MT-projecting pyramidal
neuron clusters were located preferentially underneath the layer
2/3 cytochrome oxidase (CO)-positive blobs and MT-projecting
stellate cells underneath the interblob space. Our results, although
in general agreement with this description, are not sufficiently

23328 | www.pnas.org/cgi/doi/10.1073/pnas. 1909799116

conclusive to affirm that all pyramids are beneath the CO blobs
(SI Appendix, Fig. S5). For example, in the rostral parts of
calcarine V1 (>20 degrees of eccentricity), where most of the
neurons were pyramidal, these cells clusters were not apparent,
and V1-MT projecting neurons were more evenly distributed.

The second most abundant population of V1-MT projecting
neurons were localized in layer 6 and characterized as Meynert
cells (25) (SI Appendix, Fig. S6). The soma of Meynert cells
(396 + 171 um?) were significantly larger than those of all V1-MT
projecting cells in layer 3C [F(4, 2,366) = 389.8; P < 0.0001;
ANOVA]. Previous studies in the macaque have described layer 6
Meynert cells as nontufted pyramids with broad cell bodies and
lateral dendrites extending for long distances (26). Our findings in
the marmoset coincide with the morphological description for the
macaque, although depending on the area of V1, we could detect
some morphological variations. For example, along the medial
surfaces of calcarine V1, some Meynert cells had a thick apical
dendrite with an enlarged proximal section of the apical dendrite
at the junction with the soma and an elongated cell body (SI
Appendix, Fig. S6B). Meanwhile, in operculum V1, we could not
find any Meynert cell with this morphology. Some Meynert cells in
the operculum had a thin apical dendrite with no thickened
proximal section. Other cells had smaller soma with no apparent
apical dendrite. The percentage of Meynert cells observed with
traditional tracers (BDA and CTB/DA) was 6% of the total
number of cells (n = 7,863); however, the viral tracer AAV-retro-
hSyn-EGFP revealed a significantly higher proportion of Meynert
cells (15%). In this case, Meynert cells were more abundant in the
calcarine sulcus and medial surface of V1 (23%) than in the
operculum (11%).

Only the viral tracer injections revealed a population of neu-
rons located in lower layer 5, where they composed 3% of the
total number of V1-MT projecting cells and were homogenously
distributed within V1, revealing no changes with eccentricity.
These cells were all of a pyramidal morphology with an in-
termediate soma size (167 + 35 pm?) (SI Appendix, Fig. S6A).
Similarly, in the macaque, Nahn and Callaway (25) found a
single cell in layer 5 of V1 after injection of G-deleted rabies
virus in area MT.

Discussion

The PIm-MT Connection Is Retinotopically Organized and Glutamatergic.
The past few years have brought a re-emergence of interest in the
visual pulvinar nuclei (lateral and inferior), in terms of its con-
nectivity and role in visual processing (27, 28). This has originated
in part because of the possibility of linking specific circuits to
behaviors and their association with the establishment of visual
cortical areas and associated processing networks, such as the
dorsal and ventral streams (29, 30), and the potential involve-
ment in “blindsight” (27). The PL is connected to V1 and other
extrastriate areas of the ventral stream, while the PIm is the
primary thalamic input to area MT, a major component of the
dorsal stream (11, 30). Previous electrophysiological neural tracing
studies in New World (18, 31) and Old World monkeys (19) and
functional MRI studies in humans (32) have demonstrated a
visuotopic organization of the PL and the inferior centrolateral
subdivision (PIcl). However, only a gross description of the hori-
zontal and vertical meridians has been provided for PIm (33), with
the suggestion that it is likely to have a discontinuous, second-
order representation of the visual field. Here we describe a
complete visual field retinotopic organization of the PIm-MT
pathway that is more akin to the first-order LGN-V1 relay.
An ongoing confounder regarding the PIm has been the origin
of the visual input. While there was early evidence of retinal
input (10, 34) and demonstration of the plasticity of this reti-
nopulvinar pathway during the early postnatal period (7), it has
been consistently suggested that the main input originates from
the superior colliculus (SC) (35, 36). However, most recently we
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Fig. 3. Morphology of V1-MT projecting neurons depends on eccentricity. (A) Photomicrograph of V1 showing the cortical layers. Note the retrograde
labeled cells in layers 3C, 5B, and 6A. (B) Images of retrograde cells in V1 layer 3C with different morphologies. (Top Left) Image showing 2 clusters of spiny
stellates (Left) and pyramidal neurons (Right). (Top Right) Image showing 2 pyramidal neurons, large and small. (Bottom) Images showing different small and
large spiny stellate cells. (C) Image of a caudal coronal section of area V1 with retrograde labeled neurons following injection in area MT. (Inset) Spiny stellate
cells in the representation of the HM, area denoted by *. (D) Sholl analysis graphs showing significant differences in the organization of the basal dendritic
arbors among pyramidal and spiny stellate neurons. (E) Chart showing percentages of different layer 3C V1-MT projecting neuronal morphologies at different
eccentricities of the visual field. (F) Flat map representation of area V1. The gray gradient represents the percentage of stellate neurons in layer 3C. [Scale

bars: 100 pm in A; 1 mm in C; 50 pm in B and C (Inset).]

have been able to clearly demonstrate using more robust neural
tracing techniques that the PIm receives retinal but not SC
connections, and furthermore, that these retinal inputs are not
collaterals of projections to the LGN or SC (11). In contrast, the
flanking posterior (PIp), centromedial (PIcm), and PIcl subdi-
visions of the PIm receive both SC and LGN inputs (11). Fur-
thermore, we have also previously demonstrated that this early
PIm relay of retinal information is crucial for the maturation of
MT (6, 7, 37) and establishment of behaviors linked to the dorsal
visual stream (8). These observations led to the hypothesis that
area MT might act as a primary-like cortical area, and that the
retinopulvinar-MT pathway drives the visual sensory experience-
dependent maturation of the dorsal stream (6, 8). Therefore,
the evidence that we provide here of a first-order topographic
representation of the visual field in PIm further supports the hy-
pothesis that area MT is a primary-like constituent of the dorsal
stream.

Accordingly, we have shown that all PIm-MT projecting neu-
rons are glutamatergic and parvalbumin immunopositive, which
is in agreement within the core-matrix theory of thalamocortical
connectivity, where PV* neurons provide driver input to the
cortex from the primary relay nucleus with a strict topographical
organization (21, 22). In addition, and similar to the LGN-MT
projecting neurons, we found that all of the PIm-MT neurons
also express CamKIla. The NMDA receptor-CamKIIo complex
is critical to the induction of long-term potentiation (38), a
mechanism proposed to underlie sensory experience-dependent

Mundinano et al.

strengthening and plasticity of thalamocortical synapses dur-
ing early development (39, 40). This result is in line with our
recent study demonstrating that early-life PIm-MT input is
crucial for the correct development and maturation of area MT
(8). Furthermore, it can be suggested that the PIm-MT relay
is responsible for establishing the first-order topographic map
in area MT, which is observed before the arrival of V1-MT
neurons (7).

Further evidence in support of this hypothesis comes from
electrophysiological studies of MT following early-life lesions
of V1 (41). Subsequent to the lesion, the retinotopic organi-
zation of area MT remains intact in the lesion projection zone
into adulthood, although they show alterations in direction
selectivity. Thus, we suggest that the developmental mecha-
nisms leading to initial formation of the retinotopic organiza-
tion of area MT are dependent on the relay originating in the
PIm, while tuning of neurons for direction selectivity relies on
inputs from V1.

While the LGN is also organized in a first-order manner and
the K-layers project to area MT, only a few cells are observed
following the MT injections, with many orders of numbers lower
than those originating from the PIm. The reduced numbers of
LGN-MT neurons compared with PIm-MT neurons might have
implications supporting a major role of the retinopulvinar-MT
pathway as the neural substrate for residual vision phenomena
after V1 lesions, especially in early life (27, 42, 43). Furthermore,
the scarcity across the full retinotopy of the LGN suggests that
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they are less likely to have been responsible for the establishment
of the topographic map in area MT.

Foveal V1-MT Neurons Show Anatomic Specialization in Layer 3C.
Foveal vision in primates is highly specialized throughout the
whole visual system, originating in the cellular and vascular
adaptations of the central retina (44) and extending to the
expansion of the geniculate parvocellular pathway (45) and the
high neuronal density of the geniculorecipient layers of the V1
cortex. These adaptations have allowed for high-acuity central
vision (46) and trichromacy (47), shaping much of the pri-
mate behavior through evolution of the ventral visual pathway
(48). Here we show that foveal specialization also character-
izes the magnocellular dorsal visual pathway, demonstrating
that foveal portions of the V1-MT pathway are populated with
abundant spiny stellate projection neurons, while more pe-
ripheral eccentricities projection neurons are mostly of pyramidal
morphology.

The functional relevance of the morphologically segregated
neuronal populations in relation to the visual field can be
explained from different perspectives. In primates, layer 3C
of V1, where most of the MT projection neurons are located,
spiny stellate neurons receive almost exclusive magnocellular
input from cells in layer 4A (15, 24, 49), and those underneath
the CO interblob regions are generally tuned for a specific
orientation. Furthermore, stellate neurons show higher sensi-
tivity to small inputs, and their firing rates are also higher (50).
Thus, high numbers of foveal stellate neurons might be neces-
sary to mediate faster and more precise information to motion
processing area MT than to other channels. On the other
hand, given their preferential position under the CO blobs,
layer 3C pyramidal neurons can receive parvocellular and
koniocellular input through the apical dendrite branches in layers
2/3 and 1 and can send more complex visual motion information to
area MT.

The decreasing gradient with the eccentricity of the stellate
vs. pyramid ratio also might contribute to the observed differ-
ences in the electrophysiological properties of foveal and pe-
ripheral V1. The smaller receptive fields (2), larger point image
sizes (51), and slower spatiotemporal interactions (52) of foveal
V1 neurons compared with peripheral V1 neurons also might
be influenced by the functional properties of spiny stellate
neurons. Interestingly, this proposed mechanism might also be
occurring in regions of V1 representing the horizontal meridian
(fundus of the calcarine sulcus), where we detected a majority
of stellate neurons (Fig. 3 C and F). This potentially has impli-
cations for the oblique effect observed in humans and research
animals, where sensitivity to orientation and visual perfor-
mance are enhanced for cardinal stimuli, especially along the
horizontal meridian, where the stellate population was highest
(53). Accordingly, the oblique effect is represented in area MT
as a larger proportion of its area devoted to the cardinal
orientations (54).

Previous reports describing layer 3C V1 neurons projecting
to area MT in the marmoset monkey suggested that they were
mostly or entirely of pyramidal morphology (13, 16, 17). This
has been considered one of the major differences between
macaque and marmoset visual systems, and the absence of
stellate cells reflects a limitation in the species processing ca-
pability. Results from this study, however, categorically dem-
onstrates V1-MT neurons in the marmoset form a heterogeneous
population similar to that described for the macaque (25, 49, 55)
and the New World squirrel monkey (56). One simple expla-
nation for the discrepancies with previous studies in marmosets
is that the distribution of spiny stellate neurons correlates with
foveal and parafoveal eccentricities, with the largest concen-
tration seen in the foveal representation of the operculum.
Previously, vogt Weisenhorn et al. (16) described MT projecting
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neurons only in calcarine V1, where the spiny stellate neurons
are not abundant. On the other hand, Elston and Rosa (17)
reported a small population of spiny stellate neurons in layer
3C, but they did not analyze this further. The morphology of
V1-MT neurons in the macaque has been traditionally qualified
as mainly spiny stellate; however, pyramidal neurons at differ-
ent proportions have been described as well (25, 55, 57). In
these studies, the most abundant percentages of pyramidal
neurons were located in V1 regions with peripheral eccen-
tricities. For example, Shipp and Zeki (57) found 20% of V1
pyramidal cells following their central MT injections, but this
percentage doubled to 40% with their most peripheral MT
injection. Moreover, in the same study, the authors affirmed
that in 3 owl monkeys, which, interestingly, do not have a fovea
(58), area MT projecting V1 neurons were purely pyramidal,
where their injections occupied 5 to 90 degrees of eccentricity.
More recently, Nanh and Callaway (25) characterized the same
neuronal populations in the macaque as 82% spiny stellate and
18% pyramids, but to our knowledge they did not provide de-
tails or consider the retinotopy of V1. In agreement with our
results in the marmoset, in the macaque, Elston and Rosa (55)
found 68% pyramids and 31% stellates when MT tracer de-
posits occupied the visuotopic region of 5 to 30 degrees of
eccentricity. Thus, our results unambiguously confirm that in
the marmoset, the spiny stellate cell population in layer 3C is
preferentially located in the foveal and parafoveal represen-
tations, while pyramidal neurons are more abundant in pe-
ripheral V1 regions.

The visual system of Old World and New World monkeys,
although presenting some obvious differences, particularly re-
lating to brain size, are very similar in organization and func-
tion. In both Old World and New World monkeys, the V1-MT
pathway carries direct magnocellular visual input, crucial for
dorsal stream-associated behaviors such as motion detection
and visually-guided behaviors. Mitchell and Leopold (59) have
provided a detailed comparison of the marmoset and macaque
visual systems. The foveal specialization of the V1-MT pathway
described here is conserved in Old World monkeys and might
be important for more efficient processing of the central and
cardinal visual field inputs for dorsal stream-related behaviors.
Taken together with the evidence outlined above, our findings
suggest that this cellular organization is conserved across pri-
mates. This is crucial information and provides further evi-
dence indicating the close similarity in the visual systems of
marmosets and Old World species and suggesting that the or-
igin of this specialization is further back in evolution than
originally predicted.

Materials and Methods

A total of 8 New World marmoset (C. jacchus) monkeys were used in this
study. All experiments were conducted in accordance with the Australian
Code of Practice for the Care and Use of Animals for Scientific Purposes
and were approved by the Monash University Animal Ethics Commit-
tee, which also monitored the welfare of the animals. To map the com-
plete topography and cellular morphology of the primary thalamocortical
and cortico-cortical visual inputs to area MT, different neuronal tracers
were pressure-injected to occupy the whole volume of area MT. Retro-
gradely labeled cells in V1 were qualified and compared by Sholl analysis.
Retrograde labeling in PIm was analyzed to reveal the retinotopic orga-
nization of the connection. Retrogradely labeled cells in PIm and LGN
were immunohistochemically analyzed. More details are provided in
SI Appendix.
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