Do birds experlence visual illusions?

An object or motion we see

Psychologists and physiologists hold a
view that the visual illusion is
subjective perception of something that
is seen but lacks physical counterpart.
For example, movie is actually the
visual illusion of motion and continuity
of a sequence of stationary
photographs. Visual illusions reflect
how visual information is processed
and thus may act as a “window” into the
mysteries of the brain.

An object is segregated from
background by its shape defined by
contours or edges. Real contours are
defined by “first-order’ visual cues such
as luminance or colour contrasts; some
other contours cannot be directly seen
but inferred by the brain from ‘second-
order’ cues such as textures and relative
motion and thus called illusory
contours. In experimental studies, a gap
formed between two groups of gratings
and phase-shifted abutting gratings are
usually used as illusory contours
because they are inferred from textures
but not directly seen from luminance
contrasts (Fig. 1). Motion is also a main
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Figure 3. Yu-Qiong Niu, Shu-Rong Wang, and Rui-
Feng Liu (from left to right) have a discussion on
visual information processing in the pigeon's brain.

physical attribute of an object. If you
stare at running water in a waterfall for
minutes and then shift your gaze to
objects on the bank, you will see the
objects moving upwards. This
phenomenon is called the waterfall
illusion or motion after-effect (MAE) in
general (Anstis et al. 1998).

In recent years, the response
characteristics of visual neurons to
illusory contours and motion have
attracted a great deal of attention
(Eagleman, 2001; Nieder, 2002). It is
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Figure 1. Directional tuning curves in two pretectal neurons (A-C, D-F) for real (AD) and ilusory contours (BE,
CF). Histograms are obtained from firing rates evoked by motion in eight directions spaced by 45 deg but only
those in four orthegonal directions are depicted for clarity. The preferred directions are identical in unidirectionals
(A-C) but changed by ~ 90 visual degrees in bidirectionals (D-F) for real versus illusory contours.
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known that cortical neurons in monkeys
and telencephalic neurons in owls can
detect illusory contours. On the other
hand, MAE also occurs in cortical areas
sensitive to visual motion. All this
suggests that visual illusions may be
exclusively detected in cortical neurons
(Anstis et al. 1998). However, whether
visual illusions are also processed in
subcortical areas remains unknown and
how to explain the neuronal
mechanisms underlying MAE is
intensely debated (Eagleman, 2001;
Nieder, 2002).

The bird visual system provides a good
model to study the neuronal
mechanisms underlying visual illusions
for two reasons. First, visual neurons in
the pretectal nucleus lentiformis
mesencephali (nLM) can detect real
edges in gratings moving through their
receptive fields (Fu et al. 1998),
implying that they may also be able to
detect illusory contours. On the other
hand, nLM and its mammalian
counterpart, the nucleus of the optic
tract, are both involved in generating
optokinetic nystagmus to stabilize
retinal images so that their neurons
should detect anything in motion. It is
interesting to note that the excitatory
(ERF) and inhibitory receptive ficld
(IRF) of pretectal neurons in pigeons
overlap in visual space but possess
opposite directionalities (Fu er al. 1998;
Cao ef al. 2004). This opponent RF
organization implies that after-
responses of pretectal neurons to
cessation of visual stimulus motion in
one direction would create illusory
motion in the opposite direction.

In our experiments, pretectal ERF and
IRF were mapped with a computer and
color-coded (Fig. 2). Real and illusory
contours were generated and moved by
the computer as visual stimuli
presented to the pigeon, and
electrophysiological responses of single
nLM neurons to these stimuli were
recorded with micropipettes filled with
a solution containing sodium acetate for
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recording neuronal spikes and
pontamine skyblue for dye-marking
recording sites. Firing spikes in
pretectal neurons were collected on-line
and analyzed off-line with the computer
(Niu et al. 2006).

All the 204 neurons recorded in the
pigeon’s nLM responded vigorously to
visual motion. They could be divided
into two groups according to their
selectivity for the direction of motion:
one group contains 195 unidirectional
neurons that fired maximal rate to
motion in one (preferred) direction and
minimal rate in the opposite (null)
direction, and the other group includes
nine bidirectional cells which were
characterized by maximal rates in two
opposite directions and minimal rates in
the two directions orthogonal to both
preferred directions.

The pretectal neurons examined in our
study all responded similarly to real
and illusory contours in terms of firing
patterns and rates. The preferred
directions in the unidirectionals were
identical for real and illusory contours
whereas those in the bidirectionals were
changed by ~ 90 visual degrees for real
versus illusory contours (Fig. 1). It
seems that pretectal bidirectionals can
discriminate real from illusory contours
but unidirectionals cannot. On the other
hand, some nLM neurons produce
excitatory responses to visual motion
and inhibitory after-responses to
cessation of prolonged motion in the
preferred directions, or inhibitory
responses to visual motion and
excitatory after-responses to cessation
of prolonged motion in the null
direction (Fig. 2). These after-responses
to cessation of prolonged motion in the
preterred (null) direction were similar
to the visual responses to real motion in
the null (preferred) direction. They had
threshold duration of motion and
persisted longer as motion duration was
increased. These characteristics are
quite similar fo those of MAE reported
by the subjects in our psychological
experiments. Because the ERF and IRF
of a pretectal cell overlap in visual
space and possess opposite
directionalities, after-responses to
cessation of prolonged motion in one
direction may create illusory motion in
the opposite direction. To histologically
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Figure 2. Excitatory (ERF} and inhibitory (IRF) receptive fields and their opposite directionalities in a pretectal cell
may underlie motion aftereffect. Inhibitory after-responses of this cell to cessation of prolonged motion in the
preferred direction (A, B) approximate its visual responses to real motion in the null direction (C, D). ERF (red)
and IRF (blue) are computer-mapped and colorcoded with a scale (spikes /s) between A and C.

verity the exact locations of recorded
neurons, 25 recording sites were
marked with dye and all were localized
within the pretectal nucleus (Niu ef al.
2006).

It appears that illusory contours and
motion could be detected at the earliest
stage of central information processing
and processed in bottom-up streams
from subcortical areas to the
telencephalon, and that the waterfall
illusion or motion afteretfect may result
from functional interactions of ERF and
IRF with opposite directional
selectivity in visual neurons.
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Meetings memories

When the calendar for Scientific Meetings
followed a fixed pattern, those in certain
places tended to embrace certain
traditions (including dense November fog
at the Mill Hill Meeting). If the March
Meeting at University College London
coincided with the Oxford and Cambridge
Boat Race, this was usually shown on a
TV screen in the big Class Room.
Similarly, when Sir Bryan Matthews held
the Chair in Cambridge he arranged that,
if relevant, the Test Match score would be
chalked up on a blackboard in the Lecture
Theatre. Those in the audience who had
no interest in cricket would be puzzled by
a technician who nipped in periodically to
write mysterious numbers under ‘A
[Australia] and ‘B’ [Britain]. This practice,
which continued for a while after Sir
Bryan's retirement, was in operation at
the time that Abby Fowden gave her first
Communication to The Society. Just as
she came to the end, the latest score was
posted. She found the enthusiastic
applause most gratifying.

Ann Silver
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