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ABSTRACT

Building on an earlier model of a tectal column as the unit of
processing in the amphibian tectum: we conduct a computer analysis
of the interaction of a linear array of such columns. The model
suggests that the inhibitory and excitatory activity in the tectum
may have three #functions: 1) spatio-temporal facilitation of
column activity to a moving stimulus; 2) preference for the head
of the stimulus, probably to avoid possible defensive reactions of
the prey; and 3) modulating the state of excitation of the column
once it has produced a response. The model also shows +that the
spatio—-temporal effects of excitation and inhibition increases the
acuity of the animal to +the direction of the prey, through

processes similar to lateral inhibition.

1 The research reported in this paper was supported in part by
NIH grant NS14971-02. Our thanks to Peter Ewert and David Ingle
for wvaluable discussions of the experimental data; and to Andrew
Cromarty and Donald House for their help with the coaomputer
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1. Introduction

Prey orienting behavior in amphiibia depends on the form,
speed, size, configuration, and tontrast of the prey stimulus
(Ewert, 1970, 1976; Ingle, 1971, 1976a and b; Ingle and Mckinleq;
1978; Grusser and Grusser—Cornehls, 1776). Ewert (1970, 1976)
found that elongation of a 2 degree high black rectangle to a
length of B degrees in the direction of motion greatly facilitated
the toad’s rate of pursuit; if the elongation was perpendicular to
the direction of motion, Prey orienting behavior was greatly
inhibited. Ewert also found that prey orignting activity is
proportional both to the angular velocity of the stimulus and to
the contrast of the object with respect to the environment. Using
a double stimulus aligned in the direction of motion, he found that
this configuration is a somewhat weaker stimulus than a single
object; if the two stimuli are aligned  perpendicular to the
direction of motion, the orienting response is greatly inhibited,
but when the distance between objects is increased this inhibitory
effect disappears. Ingle (1971, 19762 and b; Ingle and McKinley,
1978) ~studied further the effects of a double stimulus aligned in
the direction of motion in prey orienting behavior. He found that
the animal has the tendency to snap at the leading (head) obgject
when the two stimuli are moving toward the animal, while they snap
between the stimuli i# they move away from the animal. Using

stimuli of 2 degrees square and an interstimulus distance of 4
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degrees, he observed a facilitatory effect in prey catching
activity, suggesting that the animal considers the two objects as a
singlé prey, similarly to facilitation of prey orienting behavior
when the stimulus is elongated along the direction of motion. I
the interstimulus distance is increased to 8 up to 16 degrees, the
animal starts to react independently to each stimulus. In this
case, the animal will snap independently at the leading (head) or
the second (tail) object. When the size of the stimulus is
enlarged to 15 degrees. an inhibitory effect is observed in the
orienting response, similarly to the inhibition in prey pursuit
studied by Ewert (1970).

These authors have tried to correlate the observed behavior
with the #function of the brain regions related to visuomotor
coordination of prey-orienting behavior. lwert (1976) and Gruséer
and OGrusser-Cornehls (1976) found thet the rate of response of
retinal ganglion cells is proportional to the speed and contrast of
the stimulus, in close correlation with the observed behavioral
results. These neurons, however, were not sensitive to the
elongation of the stimulus along the direction of motion; while
they were sensitive in a certain range (depending on their
respective réceptive fields) to elongation perpendicular to the
axis of movement. Based on this, Ewert concluded that retinal
processing of information could not explain the effects of size,
form, and configuration of several stimuli in prey orienting
behavior; but that a «close correlation exists between the
sensitivity of retinal ganglion cells to speed and contrast and the

animal’s conduct.
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Ewert (1976) found that some tectal cells increase their rate
of TrTesponse when the stimulus was elongated in the direction of
motion; while other neurons were sensitive both to horizental and
vertical elongation. He found that the sensitivity of the tectal
cells to elongation perpendicular to the axis of motion was
mediated by the pre—tectum, because pretectum ablation impairs this
sensitivity; moreover, he found (Eweré, 1971) a pretectal cell
whose sensitivity to vertical elongation is closely related to the
observed behavior. This evidence, added to the fact that
electrical stimulation of the tectum elicits specifically~directed
orienting behavior, and that tectum ablation impairs prey catching
activity, indicates that the tectum integrates the information
coming from the retina and the pretectum +to give the proper
orienting response. This region itseltf, however, seems to be
mostly sensitive +to the elongation of the object along +the
direction of motion. For this reason, the processing of
information of this region may also account for the configuration
effects on prey orienting behavior, such as: 1) the animal’s
preference to snap at.the head of the prey (leading object); 2)
facilitation of prey orienting activity when the interstimulus
distance is small; and 3) inhibition of prey pursuit when the size
of the stimulus is large. Although there is no direct
physiological evidence, Ingle and McKinley (1978) suggest that
these effects could be the result of facilitatory and inhibitory
interactions within +the tectum, without excluding possible
intertectal effects. They postulate that the inhibitory effect is

the result of lateral inhibition among tectal cells and the
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facilitatory action is the result of overlapping receptive fields.
In the present paper, we propose a neural model of the tectum
that studies the possible role that this region may play in the
sensitivity of the animal to the elongation of the stimulus along
the axis of motion. the sensitivity to double prey stimuli aligned
in a single axis, and.the sensitivity to the speed of the object.
The structure of the model is based on the anatomical studies of
Szekely and Lazar (19746) and its Punction is based on the
behavioral and physiological studies of facilitation of prey
catching behavior when two stimuli are serially presented (Ingle,
1971, 1973a and b, 1976a). The basic unit of the tectum is the
tectal column, whose model has been described in detail elsewhere
(Lara, Arbib and Cromarty, to appear). In the present model we do
not consider the role that the retinal ganglion cells play in the
tectal processing of information; we define the optic input as an
external excitation to the different tectal regions, without
considering the actual processing withiu the retina. We defer the
study of the interaction between tectum and pretectum to another

paper (Lara and Arbib, to appear).

2. The Model
2.1 One-dimensional structure of the tectum.

The architecture and the type of cells considered in the one
dimensional model of the tectum are based on the minimal model of a

tectal colum (summarized in Appendix 2 of Lara, Arbib and
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Cromarty, to appear). We here simulate eight columns (see Fig 1),
where each functional unit consists of 1 glomerulus (GL), 1 large
pear shaped cells (LP), 1 stellate neuron (SN), 1 small pear shaped
cell (8P), and one pyramidal neuron (PY), Each wunit column is
affected by both its right and left neighbors through the GL and
the LP cells. The PY receives as input the activity from 2 LP and
1 8P neurons. Briefly, the interaction among cells in the tectum
is as follows: the glomerulus comprises optic afferents, the
dendrites and recurrent axons of both large and small pear-shaped
cells (in this model we have not considered the diencephalic
input). Each large pear cell (LF) is activated by the optic
fibres, type 1 and 2 (types 3 and 4 are not considered in this
model), both through the glomerulus and through interglomerular
dendrites; it activates neighboring stellate neurons (SN), the one
of its own and neighboring columns, and sends recurrent axons to
both its glomerulus and neighboring ones, spreading in this way the
facilitation among columns, and finally this neuron excites the
pyramidal cell (PY) of its column. The small pear shaped cell (SP)
is .excited both through the glomerulus and interglomerular
dendrite§ by the optic fibres, it sends recurrent axons to
neighboring glomeruli and excites both neighboring LP cells and the
PY cell of its column, recruviting in this way the activity of all
cells within the column. The stellate neuron (SN) is activated by
the neighboring tP cells, and it inhibits SP and LP cells, of its
column as well as neighboring coluams, spreading in this way the
inhibitofg eFFect.‘ Finally, the pyramidal cell, which. is the

efferent neuron of the column, is excited by the optic fibres, two
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LP neurons and one SP neuron, integrating the general state of

excitation of its column.

2.2 Spatio-temporal hypothesis of the role of the tectum in motor

prey catching activity.

With the one dimensional model of the tectum we want to
simulate behavior related to prey-orienting and prey—catching
activity; thus a hypothesis of the spatio-temporal relation of the
proposed structure with the actual behavior is needed. The basis
of this hypothesis relies on preliminary physiological and
behavioral evidence.

We propose that each glomerulus has a receptive field of 15
degrees, with 5 ‘focal’ degrees, and with a 10 degree overlap with
each of its neighbors. This assumption is based on the fact that
retinotectal axons project to a receptive field no larger than 15
degrees (Ingle, 1973b). Each SP cell +veceive input ¢from two
neighboring glomeruli covering a receptive field of 20 degrees (see
Fig 1). This hypothesis is based on physiological evidence that
superficial tectal cells have a receptive field ranging between 15
and 20 degrees (Ingle, 1973a, 1975 Lettivin et al., 19359). Each
LP cell has a direct receptive field of 15 degrees, but it receives
the excitatory activity of two SP cells in an indirect way,
expanding its receptive field to approximately 25 degrees, which is
also the observed receptive field of some cells in layer &6 in the
tectum. The PY receives excitation #from one SP cell and 2 LP

neurons expanding its receptive field aleo within a range &rom 20
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to 40 degrees. We postulate, however. that the strongest effect
produced by a given stimulus lies within 5 degrees around (2.5
degrees either side of) its spatial location. This assumption
allows us to propose that the tectum is sending information to
subsequent regions for the location and importance of the stimulué;
as we discuss below.

Based on the above assumptions, the model of 8 tectal columns
(Fig 1) covers focally a range of approximately 40 degrees of the
visval field of the animal. As we will see later, this range is_

also in accordance with the phenomena we have simulated.

2.2.1 Hypothesis of the possible role of the tectum in prey-—
orienfing and prey-catching activity: |

It is well known (Ewert, 1976) that electrical stimulation of
the optic tectum in the free moving toad elicits natural orienting
or snapping movements toward a part of the visual field represented
by the visual retinotopic projection to the same region of the
tectum. Moreover, unilateral tectal ablation in frogs impairs
visval orienting or snapping responses via the contralateral eye
within one year postoperatively (Ingle, 1971). This evidence
indicates that the tectum plays a determinant role in visual
prey—orienting and prey—catching behavior. On the other hand, it
has been shown by Comer and Grobstein (1978) that atectal frogs
snap and orient when a tactile stimulus is presented. The torus
seems implicated, and they postulate that a third region receives
input from both tectum (visval) and torus (tactile) to control the

motor response. A good candidate may be the reticular formation.
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fhe optic tectum sends efferents to the cervical spinal cord
but only a few degenerated fibers can be followed in tﬁe anterior
funiculus to the 1lumbosacral segments, showing that this
tecto-spinal projection is limited. Optic tectum also send fibres
to the reticular formation, the tegmentum and the thalamus. There
is also evidence (Szekely and Czeh, 197%) that the neurons in the
spinal cord receive afferents from the vestibulo-spinal tract and
terhinate in the vicinity of the medioventral motoneuron column;
the effects on motor behavior from these afferents is still poorly
understood.

Based on the above discussion, we postulate. that the tectum
regulates visually-directed orienting and snapping behavior in two
ways: first locating the direction of the spatial ob ject:; and
second, regulating the speed and number of the orienting repsonses.
We postulate that the tectum codes ¢this information through the
state of activity of the efferent cells of one or several columns.
Spatial location is given by the golumn that produces the first and
longest response; the activity of other columns increases the
state of excitation of the region controlling the motor Tesponse,
thus reducing the threshold for behavior. We still lack adequate
analysis (both theoretical and experimental) of the motor
expression of general patterns of columnar activation. An
alternative explanation, that we will study with our model in our
next paper (Lara and Arbib, to appear) is that the activity of a
column suppresses the -response of other wunits via pretectal
interactions. When two columns are simultaneously active with the

same frequency, we propose that the brain region controlling the
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orienting response “"waits" wuntil one of them is suppressaed. A
second alternative is that one of them is chosen randomly (see
discussion in the next paper for these alternatives).

In the next section we will study the response of the model to
different stimuli; first we consider the animal to be immobilized;
but later we explore the possible effects of recently activated

columns when the orienting repsonse occufs.

2.3 General Behavior of the Model.

When a moving stimulus is sequentially presented in several
glomeruli of the tectum, a wave of spatio-temporal
facilitatory—inhibitory effects is observed. The facilitation is
mainly produced by the recurrent aclivity of large and small
Apear—shaped cells to their own and neighboring glomeruli in
combination with the glomerular receptive field; while the
inhibitory effect is the result of the stellate neuron inhibition,
as a consequence of LP excitation, in boéh its own and neighboring
coluﬁns. In this way a combined effect of excitation and
inhibition is spread within the column and toward neighboring
columns. In | more detail, the way the spatio—~temporal
excitatory—inhibitory effect is produced is as follows: I+ the
state of excitation of a given column is strong enough for the SP
cell to fire, a recruitment of the cells within the column is
produced, facilitating the response of the PY, which may represent
a4 motor response. This increased state of activity of the column

is followed by a strong inhibitory effect produced by the SN,
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silencing its own as well as neighbovring columns. In these
conditions, columns neighboring the coluan previously excited do
not respond as strongly as the previous column to the passing
stimulus, but as @ consequence of this the inhibitory effect on its
neighbor will be 1less intense. For this reason, when the moving
stimulus passes through a column that is weakly inhibited by its
neighbor but facilitated by the LP cell recurrent axons as well as
through the effect of its receptive field, the cells in the column
are greatly activatedf In <+¢his way, a spatial alternation of
facilitatory and inhibitory columns is created. From a temporal
point of view, when the inhibition of the stellate neuron is no
longer present within the column, the long lasting depolarization
of the glomerulus produces a rebounding excitation of the column
activity, which facilitates subsequent Firing if the stimulus is
presented again. This facilitatory effect has been described in

detail elsewhere (Lara, Arbib and Cromarty, to appear).

3. Computer Simuylation

3.1 General Lonsiderations.

The model was simulated on a digital computer CLDC Cyber 175
and the graphics were obtained from &8 O€Grinnell Systems color
graphic display system (GMR-27) attached to a DEC VAX 11/780.

.Ta simulate the excitation of a moving stimulus in the tectum,
we introduce a pulse of unit intensity that activates a column for

a certain period. The larger the stimulus, the more glomeruyli are
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activated simultaneously, and the 1longer is the period of
presentation of the stimulus in each glomerulus. Simulation of
different velocities of stimulation was obtained with the period of
presentation of the stimulus in each glomervlus and the overlapping
of excitation between neighboring glomevuli inversely proportional
to the speed of the object, i.e. <the faster the object moves. the
shorter the period of presentation in each glomerulus and the
shorter the simultaneous activation of glomeruli. As a simple
representation of the overlap of receptive fields, we model the
receptive field of each glomerulus as sensitive to stimuli
presented in its closest neighbors, i.e. the one to the right and
to the left, but with half of the intensity of the stimulus. In
all cases the stimulus was serially presented from glomerulus O to
glomervlus 7 (see Fig 1).

The results of the simulation are shown in two ways: via the
display of the simulated physiological behavior of the 8 pyramidal
cells, because each integrates the general activity of its column
and is the tectal efferent; and secondly, through graphs showing
the relationship between different stimuli and both the general
state of excitation of the tectum, measured as the total number of
spikes (which in this formal model is simply proportional to the
period of above threshold membrane potential) produced by the 8 PV,
as well as the latency of response, measured as the period required
for the first tectal response, i.e., PY activity, In following
sections, we will study the behavior of the tectal columns when a
moving stimulus is presented, changing different parameters such as

the size and speed, and studying different configurations when
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double stimuli are used. We will also compare the general activity
of the tectum for the different cases and relate this to the

observed behavioral and, when available, physiological results.

3.2 Tectal Response to a Moving Stimulus longated along the

Direction of Motion.

As we have mentioned above, elongation of a stimulus along the
axis of motion facilitates prey orienting behavior and increases
the rate of firing of some tectal cells (Ewert, 1976).

Figs 2~4 show the behavior of the 8 tectal colunns to a moving
stimulus of different sizes. In Fig 2 the size of the stimulus is
such that it only activates one glomerulus focally, and is thus of
approximately 5 degrees according to our hypothesis, and no
overlapping occurs between neighboring glomeruli, except the effect
produced by the receptive field of each glomerulus (see table of
Fig 2 to see the period of presentation of the stimulus in each
column). This figure shows that the moving stimulus builds up a
wave of excitation—inhibition, starting from column O and moving to
column 7; when the stimulus is in column 3, it produces a response
(two spikes), subsequent columns respond in an alternating way to
the moving stimulus. This alternation of excitation and inhibition
in the unit columns may represent a means for increasing the acuity
of the motor response, becauso as we have postulated, the tectum
codes the location of the stimulus. It is important to stress that
these results could only be obtained from an experimental point of

view if the animal is immobilized. We will explore below a second
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interpretation of this alternating behavior in terms of the
preference of the animal to orient and snap to the leading of two
ob jects. Fig 3 shows the effects of elongation of the stimulus in
the response of the tectal columns; ¢this experiment studied the
effect of the stimulus 10 degrees in size, simultaneously oﬁciting
two glomeruli focally. This figure shows that the latency of the
first response (in column 2) is shorter than in the above case, and
the state of excitation in all columns has been greatly increased
by the elongation of the stimulus along the axis of motion. In
this case the spatial alternation of excitation—inhibition and the
rebounding excitation are more evident. If we elongate still
further the size of the prey dumemy (focally activating
simhltaneouslg three glomeruli, 15 degrees in size) ¢the
facilitatory effect both in the latency of response as well as in
the number of times the pyramidal cell of each column responds is
more evident (see Fig 4). The curves showing the relationship
between size of the stimulus and both latency of response and state
of excitation of the column can be seen in Fig 5 A and B, where it
can be seen that the activity of the tectum is increased and the
latency of response is decreased with elongation of the stimulus.
Notice also that in figures 2~4 a particvlar tectal cell tires more
strongly with the elongation of the stimulus; this can be seen not
only in the PY +firing but in the subthreshold potential of this
neuron which manifests the activity of LP and SP neurons. If we
consider the activity of the tectum to represent the rate of
pursuit of the animal toward the prey, then the results presented

above reproduce the observed behavior; moreover, we also reproduce
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the increase in the rate of +firing of tectal cells when the
stimulus is elongated.

In the next paper (Lara and Arbib, to appear), we study the
effects of the interaction hetween pretectum and tectum on prey
orienting behavior when the stimulus is elongated, showing that the
response of the unit columns is now move precise and simultaneity
of activity of several columns does not happen as often as in the
above case. This indicates that possibly the tectum when
influenced by pretectum inhibits weaker responses so that its

activity converges toward the more strongly activated unit column.

3.3 Tectal Behavior when the Orienting Response is Present.

We now want to see the effects on tectal behavior when a
moving stimulus activates a wunit column producing an orienting
_response tth‘mgll bring the stimulus back %o a region already
activated. In the case studied in Fig. 6., the activatioﬁ of unit
column 3 enables the stimulus to be present again in column O;
becaugse this column was already activated it now produces a
response. This result may indicate that presenting the stimulus
for a second time will produce a stronger response so that, instead
of simply exhibiting an orienting response, the animal will now

snap at the prey.
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3.4 Tectal Behavior with a Double Stimulus.

Ingle (1971, 1973b, 1976a, and b, 1978) in his studies of the
effects of stimulus configuration on elicited prey catching
behavior fouhd the following results: 1) animals have tHe ‘tendency
to snap at the head of the stimulus; 2) prey catching behavior is
greatly facilitated when two stimuli move on the same axis with a
short interstimulus distance, 4 degrees, and the response is mostly
directed to the leading (head) abject; in these conditions the
animal always prefers the double to a single stimplus of the same
size; 3) when the interstimulus distance increases, to 8 to 16
degrees, the animal responds randomly to either the head or the
tail and there is no preference between the single and double
stimulus; 4) when the size of the two stimuli is large, an
inhibitory effect in prey pursuit is manifested, because animals
prefer single rather than double stimuli.

in Fig 7 we show the behavior of the +tectal columns when a
double stimulus is presented with a short (one glomerulus, S
degrees) interstimulus distance. It can be seen that the onset of
the stimulation in column O and column 2 makes the latter column
respond first to the leading edge; subsequent columns also respond
first to the leading stimulus, giving a weak response when the
second stimulus is presented. If we compare the state of
excitation of the tectum when a double stimulus is applied in
contrast to a single stimulus (see Fig 2 for the tectal behavior
when a single stimulus, with the same parameters used in the above
case, is applied, and Fig 5 I for the comparative graphs) we can

see that the tectum reacts more strongly and faster to the double
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stimulus, ‘indicating that a facilitatory effect is present. If we
increase the distance between stimuli (two glomeruli, 10 degrees,
see Fig 8)., we still see that the coluamns respond to the leading
object <(column 4) but the subsequent response to the tail has also
increased; notice the strong inhibitory effect over columns O to
2. Increasing the interstimulus distance further (three glomeruli.
15 degrees. see Fig 9) we now see that the columns respond first to
the tail (column 2) but this is followed by a response to the head
(column 5 and &). Notice that the tail is still inhibited when it
passes through colums 3 and 4 (see the response to a single
stimulus in Fig. 2), but the head is now behaving as an independent
stimulus. From these -results it is evident that increasing the
interstimulus distance reduces the facilitatory effect and the
animal has <the tendency to dissociate the two stimuli (see Fig 5
I). In these conditions it is obvious that the animal will snap
randomly to any of them because both are equally strong. Figs 5 C
and D show the graphs relating the level of facilitation against
interstimulus distance. All these results are in agreement with
experimental results.

Due to the restriction to a one dimencional array of columns,
we could not test the inhibitory effect produced by the
presentation of two large objects aligned in the axis of motion.
This property, however, has been related (Ewert, 19786) to
intertectal interaction as a result of prey competition. Ingle
(1978), on the other hand. has found inhibition of prey orienting
behavior in monocular frogs in these circumstances, which indicates

that other inhibitory processes, perhaps through the pretectum, are
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also present.

3.5 Tectal Behavior with Changes in Prey’s Speed.

Ewert (1976) and other authors (Grusser and Grusser <Cornehls,
1976) have shown that orienting behavior is dependent on the
angular speed of the prey; moreover, this effect has been closely
correlated with the sensitivity to speed in the retinal gangiion
cells. It is, however, interesting to study the effects in column
behavior when an object is presented at different speeds to see if
tﬁis structure by itself produces a facilitation or inhibition
depénding on the velocity of the stimulus.

Figs 10-12 show the tectal behavior when ‘én object is
presented at different speeds. When an object is moving fast (see
our definition of fast and slow in ‘“general considerations”) the
tectal response is low and the latency is large (see Fig 10);
lowering the speed of the object (see Fig 11 and 12) increases the
state of excitation of the columms and reduces the latency of
réspbnse (see Fig S E and F for the above relations). This
indicates that either the sensitivity of the retinal ganglion Eells
to speed must compensate for this slowing down effect, or the
tectal cells are also sensitive to this parameter. Trying to study
in a crude way the interaction of retinal ganglion cells sensitive
to speed and tectal neurons, waiting for a more precise and
sophisticated model of the retina, we changed the infensitu of the
stimulus in proportion to the velocity of the object, i.e.. the

faster the object, the more intense would be the excitatory input.
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Figs 13-14 show the results of this siamulation, with the state of
excitation of the tectal column stronger to faster stimuli and the
latency of response shorter (see also Fig 5 € and H). These reults
indicate that the sensitivity of the retinal ganglion neurons to
speed may counteract the inhibitory effect observed in the tectum

to this parameter.

4. Discussion

With the present model of the tectum we have been able to
study the effects of size, speed, and configuration of the stimulus
oh a linear array of its functional units, the tectal'columns. The
structure proposed for the column (lara, Arbib and Cromarty,
Appendix 2), based on anatomical, behavioral, and preliminary
physiolagical results allows us ¢to reproduce the observed
behavioral and physiological results in prey orienting behavior to
a moving stimulus. The next step in studying the behavior of our
model are the following: 1) expansion of the one dimensional model
to two dimensions; 2) introduction of the processing of the optic
input by the retina; 3) the interaction of tectum and pretectum.
With these new factors we will be able to simulate the following
processes that have been studied both behaviorally and
physiologically: 1) competition among different prey stimuli; 2)
prey—predator recognition; and 3) invariance of prey stimuli

independent of the direction of movement.
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We have observed that the general behavior of the tectum' is
the result of spatio-temporal facilitatory—-inhibitory interactions
that depend on the size, speed, and configuration of the stimulus.
It is interesting that this wave of excitatory and inhibitory
activity has been described in the thalamus and hippocampus and has
been related with the EEG. Moreover. Purpura (1970) has suggested
that these waves of excitation and inhibition could be wused as
filters of incoming information. Based on our results, it seems
that the inhibitory and excitatory activity in the tectum.maq have
three functions: 1) spatio-temporal +facilitation of column
activity to a moving stimulus; 2) preference for the head of the
stimulus, probahly to avoid possible defensive reactions of the
prey; and 3) modulating the state of excitation of fhe colunmn once
it has produced a response. The model also shows that the
spatio—temporal effects of excitation and inhibition increases the
acuity of the animal to the direction of the prey, through

processes similar to lateral inhibition.

The present model postulates the Ffollowing hypotheses:

1. The tectum codes the location and speed of the orienting
response.

2. The interaction between tectal columns to a moving
stimulus generates a wave of excitation and inhibitidn of
- tectal unit columns.

3. The preference for the leading edge of two stimuli moving
along +the same axis is the resuvlt of this excitatory and
inhibitory effect.

4. The tectum response decreases with increasing speed of the
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object; retinal sensitivity ¢to speed counteracts this
effect in the behavioral response.

5. The orienting response brings the stimulus back to ¢the
gsite recently activated, thus increasing the probability

of a stronger response.
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F1GURES

OPTIC INPUT

Architecture of the model of the tectum. Each column is
constituted by one GL (glomerulus), one LP (large pear—-shaped)
cell, one SP (small pear-shaped) neuron, one SN (stellate
neuron), and one PY (pyramidal cell). The afferents are the
optic fibres that arrive at the GL., LP, SP, and PY ' cells, and
the efferents are the PY axons. LP cells are activated by the
GL and the optic input and they send recurrent axons to their
own as well as neighboring glomeruli. The SN neurons are
activated by the LP cells and they inhibit LP and SP neurons of
their own as well as neighboring columns. The SP receive
excitation fvrom GL and ave inhibited by SN finally PY
receives afferents from the retina, the LP and SP neurons.
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Figures’
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3. Here the stimulus covers 2 glomeruli simultaneously. The
Tresults show that the strength of activation increases when the
size of the object is elongated. The latency of response is
also shorter (column 2). ’
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Figures
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4, Computer simulation of the behavior of the tectum to different
sizes of stimulus. In ¢this figure the stimulus covers 3 GL

simultaneously. It can be seen that the latency of response is
shorter and the total activity is greater than in Fig 2 and 3.
Notice that all columns fire with this stimulus.
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Graphs showing‘the relationship of the level of activity of the
tectum and the latency of repsonse to different parameters of

the stimulus, such as size, speed, and configuration. The
total activity of the tectum increases (A) and the latency of
response decreases (B) with elongation of the stimulus, The

tectal activity 1is also increased (C), with shorter latencies
of response (D), when the interstimulus distance between two
objects is small. In E, F, & and H we show the dependency of
the tectal behavior on the speed of the object. E and F shouw
that the +faster the stimulus moves, the weaker the tectal
response and the larger its latency; and G and H show the
combined effect of retinal and tectal sensitivity to speed of
the moving object, showing that the above effect is reversed.
Finally, (I) shows the different state of activation of the
tectum when double or single stimuli are presented. It can be
seen that when the interstimulus distance is small, the double
stimulus produces a larger response than the single stimulus,
but this effect is reduced when the distance is increased.
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INTERCOLUMN INTGRACTION
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6. Computer simulation of tectal response to a moving stimulus
taking into account the effect of the orienting response. This
figure shows that when the stimulus is presented for a second
time in the same region, due to the orienting response, the
second activation of the unit column is stronger that the first
time. )
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'XI. Figures
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7. Computer simulation of tectal behavior when double stimuli are
stimuli are

presented.

increased

(see

The

graphs

Fig 11

show that

separated by a short distance (1 GL) the level of
comparison with the effects of a

for

when

the

activity

is

single stimulus) and there is a clear preference to fire at the
leading edge (head) (notice the weak activity of columns 0-2).

30
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INTERCOLUMN INTERACTION
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Computer simulation of tectal behavior when double stimuli are
applied. In this experiment the interstimulus distance is 3
GL. In these conditions the first response is given toward the
tail (column 2). but the inhibitory effect over subsequent
columns is still present. Notice also that the response to the
head (columns 5 and &) is identical to that produced by the
single stimulus on column 1 and 2 in Fig 11, indicating that it
starts to behave as an independent stimulus.
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INTERCOLUNN INTERACTION
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11. Computer simulation of tectal behavior to stimuli moving at

different speeds (continued). 1In this case, the speed of the

moving objyect is reduced, in comparison with Fig 10, with

a

concomitant increase in tectal activity as well as a shortening

of the latency of response.

~Z1]
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12. Computer simulation of tectal behavior to stimuli stimuli at

different speeds (continued).
more slowly than in the above cases,

Now the

stimulus is moving even

with an increase in tectal
activity and a reduced latency of response.
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INTERCOLUNN INTERACTLION

Q CoLuUNN® i ’-& A |
coLunn . M A\ J
COLUMNY ° W
COLUNNS ) ] w
CoLUMNG " ] E/JL
COLUMN? b ] :J"‘H

u GL-0 GL-1 GL~-2 .GL-3 GL-4 GL-5 GL-6 GL-7
1.25 | 0.5-1.25| 1.0-1.75| 1.5.2.25 2.0-2.75| 2.5-3.25 | 3.0-3.75 | 3.5-4.25 4.0-4.75

of excitation is increased and the 1latency of
reduced.

14, Simulation of the same conditions as in Fig 11, but adding
speed sensitivity of ganglion retinal cells. Again,
response

the
the state

is




