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SECONDARY VISUAL SYSTEM

SECONDARY VISUAL SYSTEM

Primary Disciplinary Field(s): Neuroscience, Cognitive Psychology, Developmental Biology

1. Core Definition

The Secondary Visual System, often referred to synonymously as the Tectopulvinar Pathway or
the subcortical visual system, represents a phylogenetically older visual processing route operating
parallel to, and largely outside of, the primary visual pathway (the Geniculostriate system). Its
fundamental purpose is to mediate non-conscious, rapid processing of visual information, primarily
concerning spatial location and motion detection. Unlike the primary cortical system, which
enables high-resolution form and color recognition, the secondary system provides a rudimentary,
yet highly efficient, mechanism for orienting the organism toward salient visual events in the
periphery. This system is crucial for immediate reflexes, such as tracking moving objects or
initiating saccadic eye movements, often operating without requiring conscious scrutiny or detailed
identification of the stimulus. Its anatomical structure bypasses the primary visual cortex (V1),
allowing for quick, low-level processing that informs immediate behavioral responses, a feature
critical for survival across various species.

The operation of the secondary visual system is intrinsically linked to the processing of transient
visual signals, relying heavily on input from the retina's magnocellular stream. This stream
specializes in detecting changes in contrast and movement across the visual field, optimizing the
secondary system for its primary tasks of localization and rapid reaction. Because it prioritizes
speed and spatial awareness over fine detail, the eyesight established through this pathway is
comparatively weak for the identification of complex shapes or intricate patterns. This distinction
highlights a fundamental division of labor within the brain: the primary system handles the 'what'
(identification), while the secondary system is largely responsible for the 'where' (localization and
movement).

Historically, the importance of this pathway was underestimated, as neuroscience focused
predominantly on the extensive cortical machinery dedicated to conscious vision. However,
subsequent research, particularly concerning clinical phenomena like blindsight, unequivocally
demonstrated the system's independent functionality. It acts as a critical fail-safe and preliminary
processing unit, ensuring that even when the primary cortical visual areas are damaged or
immature, the organism retains the capacity for basic visual orienting and tracking necessary for
interacting safely and effectively with the environment.

2. Neuroanatomical Pathways

The Tectopulvinar pathway defines the core neuroanatomical structure of the secondary visual
system. The initial input originates in the retina, specifically via optic nerve projections that
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bifurcate before reaching the thalamus. Instead of terminating solely in the Lateral Geniculate
Nucleus (LGN), which is the primary relay station for the Geniculostriate system, a significant
portion of these fibers projects directly to the Superior Colliculus (SC). The SC, an ancient

structure located in the midbrain, is pivotal in visual processing across vertebrates and serves as
the main integration center for orienting reflexes. It integrates visual, auditory, and somatosensory
information to generate appropriate spatial movements of the head and eyes.

From the Superior Colliculus, visual information is then relayed to the thalamus, but specifically to
the Pulvinar Nucleus, rather than the LGN. The Pulvinar is the largest nucleus in the human
thalamus and is richly interconnected with numerous association cortices. It acts as a crucial
intermediary, filtering and projecting the rudimentary spatial and motion signals received from the
SC onward to various non-striate cortical areas. This includes areas within the posterior parietal
cortex and extrastriate visual areas (V2, V3, and V5/MT), which are associated with the dorsal
stream--the brain's 'where' pathway. This structural organization ensures that critical spatial
information bypasses the need for initial processing in the V1 (Striate Cortex), achieving rapid
access to higher-order association areas.

The segregation of these pathways underscores their differing operational goals. The primary
pathway (LGN to V1) is highly segregated and tuned for detailed, feature-specific analysis, utilizing
complex cortical hierarchies. Conversely, the secondary pathway (SC to Pulvinar) is evolutionarily
conserved for speed and subcortical integration. The pathway's reliance on the SC highlights its
role in primitive, automatic responses, such as the visual grasp reflex, where an object entering the
visual field automatically triggers an orienting movement toward it. This arrangement provides a
powerful substrate for attention capture and immediate behavioral responses that require minimal
cognitive load.

3. Functional Characteristics: Localization and Motion

The defining functional characteristics of the secondary visual system are its unparalleled
proficiency in localization and motion identification. These abilities are mediated by its selective
reliance on the magnocellular visual stream, which provides rapid, low-spatial-frequency
information. While the Geniculostriate system employs both magnocellular and parvocellular inputs
for comprehensive object recognition, the Tectopulvinar pathway prioritizes the magnocellular
input, which is ideally suited for detecting flicker, contrast changes, and the trajectory of moving
stimuli. This specialization allows the system to establish a functional "eyesight" that is focused on
movement and spatial positioning, allowing the organism to navigate the environment and avoid
threats before detailed identification occurs.

Localization involves mapping the visual environment to the body's coordinates, enabling accurate
motor responses. The Superior Colliculus plays a direct role in this mapping, creating a retinotopic
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representation of space that is rapidly translated into motor commands for eye and head
movements. For instance, if a visual stimulus appears in the periphery, the secondary system
quickly registers its spatial coordinates and initiates a saccade to center the stimulus in the fovea,
allowing the primary visual system to take over for conscious recognition. This automatic orienting
response is a hallmark of the secondary system's localization function.

The identification of motion is equally robust within this pathway. The projection to the middle
temporal area (V5/MT), an area critically involved in motion perception, often receives indirect input
via the Pulvinar, reinforcing the non-conscious detection of movement patterns. This functional
specialization explains why individuals with damage to the primary visual cortex (V1) may still
demonstrate residual ability to 'guess' the direction of movement or the location of a flash of light,
even though they report seeing nothing consciously. The inherent trade-off is clarity for speed; the
system sacrifices the high spatial resolution required for shape identification to gain the speed
necessary for immediate, life-preserving reactions.

4. Evolutionary Context and Phylogenetic Age

The description of the secondary visual system as phylogenetically older is central to
understanding its fundamental role in mammalian and non-mammalian vision. In evolutionary
terms, the Tectopulvinar pathway represents the dominant, and often sole, visual system in non-
mammalian vertebrates such as fish, amphibians, reptiles, and birds. In these species, the
structure homologous to the mammalian Superior Colliculus--the Optic Tectum--is the principal
center for visual processing, orchestrating complex behaviors like hunting, evasion, and navigation
based on visual input. The Optic Tectum handles both the "what" and the "where" in these simpler
nervous systems.

When mammals evolved, the neocortex rapidly expanded, giving rise to the highly sophisticated
Geniculostriate pathway, which allowed for the conscious, detailed, and flexible analysis of visual
scenes. This new pathway took over the high-resolution processing tasks, relegating the ancient
tectal system to specialized, complementary functions--specifically, rapid orienting, spatial
attention, and movement tracking. Thus, the secondary visual system in humans is a retained,
ancestral structure that continues to execute its original, essential functions in the background,
supporting the advanced cortical system.

This evolutionary layering explains the secondary system's resilience and independence. Because
it developed earlier and served as the foundational visual processing mechanism, it employs direct,
robust neural connections that are less reliant on the intricate, and therefore more fragile, cortical
machinery. This phylogenetic age is a key reason why the system is functional early in
development and can persist in certain neurological injury contexts, providing a survival advantage
by maintaining basic, reflexive visual behavior even when conscious perception is compromised.
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5. Role in Neonatal Development

A significant characteristic of the secondary visual system is that it functions comparatively well
in the newborn baby. Human vision at birth is notoriously poor; the primary visual cortex (V1) and
its associated pathways are immature, lacking full myelination and complex synaptic development
necessary for detailed pattern recognition. Neonates cannot resolve fine details or fully integrate
visual input into conscious experience immediately.

However, the subcortical Tectopulvinar pathway matures significantly earlier. This advanced
maturation allows the newborn to exhibit essential visually guided behaviors almost immediately.
For instance, newborns demonstrate basic smooth pursuit and saccadic eye movements,

enabling them to track large, slow-moving objects (like a caregiver's face) and orient their heads
toward sudden visual stimuli. These reflexive behaviors are predominantly mediated by the SC,
which guides the eyes to the source of the input without requiring cortical processing.

This early functionality is vital for establishing the foundation for later cortical development. The
Tectopulvinar system provides the necessary mechanisms for basic visual engagement with the
world, which in turn drives visual exploration and helps calibrate and stimulate the developing
cortical circuits. If the secondary system were not functional early on, the infant would lack the
basic tools required to direct attention and gather the visual input needed for the maturation of the
primary system. Consequently, the secondary visual system serves as a crucial scaffolding
mechanism, ensuring developmental progress until the Geniculostriate pathway reaches full
operational capacity several months after birth.

6. Relationship to Blindsight

The clinical phenomenon of blindsight provides the most compelling evidence for the independent
operation and functional importance of the secondary visual system. Blindsight occurs in patients
who have sustained damage to the primary visual cortex (V1) but maintain an intact visual field and
functional secondary pathway. Because V1 is necessary for conscious visual experience, these
individuals report being completely blind in the affected area, unable to consciously perceive light,
shapes, or color.

However, when tested rigorously, these patients often demonstrate an astonishing residual
capacity to respond accurately to visual stimuli presented in their 'blind’ field. This includes the
ability to localize targets, differentiate between moving and stationary objects, discriminate the
orientation of lines, or even navigate around obstacles, all without conscious awareness. This
dissociation between conscious perception and accurate behavioral response is the direct result of
the visual information being processed by the intact Tectopulvinar pathway, bypassing the
damaged V1 and reaching motion and spatial analysis areas (like MT and the parietal cortex) via
the Pulvinar.
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Blindsight is often categorized into Type | (pure non-conscious response) and Type Il (residual
non-conscious ‘feeling' of the stimulus). Regardless of the type, the existence of blindsight confirms
that complex, visually guided actions can be initiated and executed based solely on subcortical
processing. This profound clinical implication highlights the robustness of the secondary system as
a non-conscious mechanism for spatial orientation and action planning, reaffirming its evolutionary
role as a rapid, action-oriented visual pathway.

7. Further Reading

Blindsight (Wikipedia)
Superior Colliculus (Scholarpedia)

The Dual-Stream Organization of Visual Perception and Action (NCBI)

Secondary Visual System (APA Dictionary of Psychology)
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