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SUMMARY

Eye position and the activity of 10 identified abducens motoneurons have been recor-
ded during spontaneous eye movements in the alert cat. Total of 27 parameters were defined
from recordings of eye position and velocity, from abducens motoneuron firing rate, and
from a proposed double exponential model fitting motoneuron behavior during eye saccades.
The principal component analysis was applied to these variables. Results suggest an inde-
pendent coding of saccade duration and amplitude as well as confirm the validity of a dou-
ble exponential as a description of motoneuron activity during the burst.

Key Words: saccadic movements, abducens motoneurons, principal component analy-
sis, saccade skewness, oculomotor system, models, parametric control of movements.

RESUMEN

Control paramétrico de los movimientos oculares sacddicos mediante el andlisis de
componentes principales. Se registré la posicién ocular y la actividad de 10 motoneuronas
del niicleo del motor ocular extemo durante movimientos oculares esponténeos en el gato
alerta. Se definieron 27 pardmetros de los registros de posicién y velocidad ocular, de la tasa
de disparo de las motoneuronas y de un médelo de doble exponencial que ajusta la tasa de
disparo de las matoneuronas durante movimientos sacédicos. Un andlisis de componentes
principales fue aplicado a estas variables. Los resultados sugieren una codificacién indepen-
diente de la duracién y la amplitud del movimiento, asi como confirman la validez de una
doble exponencial como descripcion de la actividad de las motoneuronas del VI par durante
los brotes.

Palabras Clave: Movimientos sacddicos, motoneuronas del andlisis de componentes
principales, sesgo en las sacadas sistema oculomotor, modelos, control paramétrico del mo-
vimiento.
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During saccadic eye movements abdu-
cens motoneurons (ABD Mns) show a burst
of activity that encode the horizontal compo-
nent of the movement. Very different appro-
aches have been used in order to account for
how ABD Mns encode saccades (Robinson,
1981; Fuchs, Kaneko and Scudder, 1985) and
to define how the driving signal of the sac-
cade is generated in the brainstem. In this
sense, a main diagram has been proposed joi-
..ng amplitude, maximun velocity and dura-
tion of saccadic eye movements (Bahill and
Stark, 1979). This main diagram defines the
general strategy for saccade generation, sho-
wing an exponential relation between ampli-
tude, maximum velocity and saccade dura-
tion. However, for the range of these varia-
bles in the cat such a main diagram could be
considered linear in a first approach (Gold-
berg, 1980). Also, ABD Mns show an acti-
vity burst related with eye saccade parame-
ters that can be approached in very different
ways: i) linear relationships have been des-
cribed between different parameters of sacca-
dic eye movements and parameters of the
Mns firing rate burst, as maximum velocity
versus maximum firing rate (Robinson, 1970;
Fuchs and Luschei, 1970; Delgado-Garcia,
del Pozo and Baker, 1986; Gémez, Torres,
B., Jiménez-Ridruejo and Delgado-Garcfa,
1986a) and burst duration versus eye saccade
duration (Robinson, 1970; Fuchs and Lus-
chei, 1970; Schiller, 1970); ii) a second ap-
proach is to consider the second order diffe-
rential equation proposed to relate Mns acti-
vity and position, velocity and acceleration of
the eye (Robinson, 1981), where Mn firing
rate encodes in a continuous form for the eye
variables. This model has been proved valid
in monkey (van Gisbergen, Robinson and
Gielen, 1981) and cat Mns (Torres, Gémez
and Delgado-Garcia, 1986); iii) reconstruc-
tion of possible Mns firing rate pattern by an
inverse method using eye position registers
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(van Opstal, van Gisbergen and Eggermont,
1985); and iv) the proposal of a descriptive
model of Mn burst during saccades. In fact it
has been described that the firing rate burst
can be modelled by a couple of exponential
equations (rising and falling) (Pozo, Jiménez-
Ridruejo, Delgado-Garcia and Zoreda, 1984;
Jiménez-Ridruejo, Pozo, Gémez and Del-
gado-Garcia, 1983).

All these approaches have shown some
general roles in the eye saccadic coding by
Mns and saccadic generation strategy. Some
of the more interesting are: with known sac-
cade amplitude, peak velocity and duration
can be modelled (Afifi and Azen, 1979);
peak velocity is predicted by peak firing rate
(Robinson, 1970; Fuchs and Luschei, 1970;
Schiller, 1970) and the previous intervals
(G6mez et al., 1986a); ocular mechanics can
be predicted in a first approach as a second
order linear model (Robinson, 1981), and the
firing rate burst should be considered as a
gradual firing rate increase instead of an
abrupt jump (Jiménez-Ridruejo et al., 1983;
Pozo et al., 1984; van Opstal and van Gisber-
gen, 1985). However, some questions still re-
main about the relationships between ampli-
tude, velocity and duration in the strategy of
saccadic generation and their coding by Mns
(Evinger, Kaneko and Fuchs, 1981; King,
Lisberger and Fuchs, 1986). Also, some kind
of asymmetry can be observed inside the eye
saccade (Baloh et al., 1975) (shorter in the ri-
sing than in the falling phase); how this
asymmetry is coded in Mns is a question that
still remains. Other minor questions can be
also addressed. Finally, the validity of the
descriptive double exponential model of Mns
behavior during saccadic should be tested.

For these reasons a kind of multivariate
analysis, the principal component analysis
was applied to 27 parameters extracted du-
ring saccades from eye position and velocity
registers, from ABD Mns activity and from
the double exponential model. The goal of
the principal component analysis is to reduce
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correlated variables to a small set of statisti-
cally independent kinear combinations (Afifi
and Azen, 1979; Frey and Pimentel, 1978). In
a data set of P observations in a N multidi-
mensional space (N variables measured in
each observation), it is possible to produce a
rotation of the axes that reduce the distance
of the observations to the axes of the N-di-
mensional space (the reduction of the dis-
tance is called the explained variance). Also,
it is possible to consider the N variables as a
function of the P observations, a P-dimensio-
nal space in this case, then a rotation of the
axes produces a reduction of the distance of
the variables to the axes of the P-dimensional
space. The latter is the geometrical interpre-
tation used in present report. The analysis
creates new axes (the principal components)
where the variables are situated by their coor-
dinates (the loading factors). So, the informa-
tion contained in the actual data set can be
reinterpreted by the position of the variables
in the new space, variables that are in the
same region covary directly and those situa-
ted in opposed regions covary inversely. Also
the different positions of the variables on the
same axe permit to interpret fonctionally the
principal components.

MATERIALS AND METHODS

Under general anesthesia (35 mg/Kg,
i.p), two adult cats were prepared for the re-
cording of the electrophysiological activity of
antidromically identified ABD Mns of the
left ABD nucleus.

Simultaneousy the horizontal eye posi-
tion was recorded by the search coil techni-
que during spontaneous saccadic eye move-
ments in the alert cat (Delgado-Garcfa et al.,
1986; Gémez et al., 1986a). Recordings
were stored on magnetic tape for subsequent
analysis. Neuronal electrical activity was
passed through a window discriminator and
converted into a point process temporally co-
rrelated with occuring spikes (Gémez, Ca-
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nals, Torres and Delgado-Garcia, 1936b).
Pulse trains and eye position recordings were
digitized and then stored in a computer. A
computer program was carried out to display
on the screen the frequency histogram, the
eye position and eye velocity (Fig. 1). The
program provided two cursors to select the
register positions chosen to calculate the pa-
rameters. This program permitted obtaining
a series of 27 parameters defining the posi-
tion and eye velocity, the Mn burst firing
rate and the double exponential model des-
cribing rising and falling phases of the burst
(Fig. 1A-C). Some of the parameters were
calculated manually by positioning of the
cursors as described above. Others were cal-
culated by algorithms implemented in the
program. The parameters of the descriptive
model were calculated by fitting exponential
equations to the rising and falling phase of
the burst. The parameters of each exponen-
tial equation, time constant and asymptotic
value, were fixed by hand. The values of the
couple of exponential equations were calcu-
lated by the computer and compared by li-
near regression methods with the firing rate
values stored during the burst. Afterwards, a
new couple of exponential equations was
automatically calculated changing the expo-
nential equation parameters. Finally, the
program selected as the valid couple of ex-
ponential equations those that reached the
highest score in the linear correlation coef-
ficient between exponential equation values
and actual firing rate values. This iterative
method permits to avoid possible distortions
in the regression produced by the neccesary
logarithmic transformation of the data to fit
an exponential model. Given the few points
used to calculate the regression inside the
burst (4-10), the distortion could be signifi-
cant if a standard linear regression model
were used. If none of the calculated couple
of exponential equations reached a minimum
of 0.8 in the correlation coefficient value
when plotted against firing rate burst values,
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that particular saccade was discarded for
subsequent analysis.

From Mn firing rate the parameters
considered were (Fig. 1C, bottom): Ric, fi-
ring rate previous to the burst; R, peak firing
rate; If, firing rate increase in the burst; Rfc,
firing rate at the end of the burst; Af, firing
rate increase of the step; Dd, burst duration;
Ts, rising time of the burst (time between the
starting of the burst and the time when firing
rate rises 90% of the firing rate burst incre-
ase); Tb, falling time of the burst (time bet-
ween peak firing rate and the time when fi-
ring rate falls 90% of the firing rate burst in-
crease); Rps, slope of the firing rate rising
phase; Nsu, number of spikes in the rising
phase of the burst and Nba, number of spikes
in the falling phase of the burst. The parame-
ters considered from the double exponential
model were (Fig. 1B, bottom): Asu, asymp-
totic value of the rising exponential; Bsu,
time constant of the rising exponential; Aba,
asymptotic value of the falling exponential;
Bba, time constant of the falling exponential,
Tsc, duration of the rising exponential. The
parameters obtained from the horizontal eye
register were (Fig. 1A and 1B ): P1, eye po-
sition before the saccadic movement (by
convention negative values were from cen-
tral eye position in the orbit to the left, and
conversely positives to the right); P2, eye
position after the saccadic movement; As,
saccadic amplitude; Vmd, mean velocity;
Vmax, maximum velocity; S, duration of the
accelerating phase of the saccade: B, dura-
tion of the decelerating phase; Ds, duration
of the saccade and Al, inverse of the time

between two saccades, i.e frequency of sac-
cades, this parameter has been used as an
alertness level index (Evinger et al., 1981).
The latencies considered were (Fig. 1C):
Lmv, latency between the onset of the burst
and the onset of the saccadic movement;
Tvf, latency between the peak firing rate of
the burst and the peak velocity of the sacca-
dic movement.

All these variables were analyzed using
the principal component analysis (Afifi and
Azen, 1979, Frey and Pimentel, 1978). Data
in present analysis were obtained from 10
ABD Mns antidromically identified, where a
number from 30-60 spontaneous saccades
were analyzed (a total of 400 saccades were
analyzed). All the values of the variables
were standardized. The coil system used in
the present experiments permits the recor-
ding of horizontal eye position, therefore
saccades analysed in the present report
should be considered as putative oblique sac-
cades. The parameters of each saccade were
stored in files created in the computer where
a standard program of principal component
analysis was applied (P4M from the BMDP
statistical library).

RESULTS

In Fig.1C (bottom) is shown the firing
rate pattern of an ABD Mn, showing thetypi-
cal pattern of burst activity during saccades
proportional to eye velocity (Fig. 1C top),
and the steady state phase proportional to
eye position during eye fixation (Fig. 1A
bottom).

Figure 1. A. Description of eye saccade parameters on an eye saccade diagram (top) and eye position
recording (bottom). E, eye position; L, left; R, right. B. Description of eye velocity parameters on an
eye velocity diagram (top) and double exponential model (bottom) fitting motoneuron burst (see in-
troduction and methods) . E, eye velocity; . FR, firing rate. C. Eye velocity register (top) and moto-
neuron firing rate (bottom). Variable abbreviations appear in the methods section.

ee——
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The principal component analysis pro-
gram used (P4M from BMDP) provides a
table of the explained variance (VP) by the
calculated principal components (Table I),
and the cumulative proportion of variance ex-
plained by each of the principal components
(VA). Table I shows that the first 4 compo-
nents account for 70% of the variance. 70% is
a value of cumulative variance typical for not
considering more loading factors in the inter-
pretation of the analysis (Afifi and Azen,
1979; Frey and Pimentel, 1978). However,
given that the two first components account
for 52% of the total variance, and in order to
simplify the interpretation results, only the
first two axes were considered. For identical
reasons the same criterion was used in the
other 9 analyzed Mns. Also in Table I appear
the calculated new coordinates (loading fac-
tors) of the variables for each component. The
loading factor values permit plotting of the
eye saccade, Mns and model parameters in an
ideal plane formed by the orthogonal intersec-
tion of the ideal calculated axes (Fig. 2).

The plot of the loading factors for com-
ponents I and II for the Mn analyzed in table
I is shown in Fig 2. When the same analysis
was performed for all the Mns registered, a
similar position and grouping of the variables
was obtained. For this reason, curves were
traced by hand in order to group the set of va-
riables that i) appear in the same area of the
plane traced by components I and 11 in all the
analized Mns, and ii) their positions were
constant in this plane in at least 8 of the ana-
lized Mns. Three groups ( 1,2,3) of variables
appear in defined positions in the plots (Fig.
2). Group 1 include parameters from the eye
saccade as As, Vmax, Vmd and S, but also
parameters from the burst as If and Af. The
variables included in group 2 are exclusively
variables from the burst as R, Rfc and Rps.
The group marked as the 3 included variables
from the eye saccade as P1, B, and Ds, from
the Mn firing rate as Nsu, Dd and Ts and also
contains some parameters from the exponen-
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tial model as Tsc and Bsu. Other variables
appear outside these groups, P2 from the eye
saccade, Tb, Ric and Nba from the Mn firing
rate and Asu, Aba and Bba from the expo-
nential model. The latency variables Lmv
and Tvf and the alertness measure (Al) also

- appear outside these groups.

The principal component analysis pro-
gram ( P4M) also provides the linear correla-
tion matrix of the considered variables. The
linear correlation matrix of variables for Mn
shown in Fig. 1 and Fig. 2 is presented in
table II. The absolute values whose linear co-
rrelation coefficient was consistently .5 in the
10 analyzed Mns are marked by an asterisk
in table II. The sign of the linear correlation
can be interpreted considering the variables
in the horizontal file of the matrix as the ab-
cissa and the variables in the vertical row of
the matrix as the ordinate. In any case, results
from the correlation matrix will be used only
to support conclusions that are not obvious
from the variable arrangement plot provided
by the principal component analysis program.

A total of 400 Mn firing bursts were tes-
ted by the double exponential model (see
methods). 18% were discarded for subse-
quent analysis because the relationship bet-
ween Mn firing rate and the calculated dou-
ble exponential did not reach the .8 level ex-
plained in the methods section.

DISCUSSION

The most powerful use of principal
component analysis arise from the possibility
of grouping variables by their coordinate pro-
ximities in the ideal orthogonal axes created
by the analysis (Afifi and Azen, 1979; Frey
and Pimentel, 1978). The variables that are
situated in the same area of this ideal space
are variables that covary, which means that
they should have the same proximal cause or
that some of the variables could be the cause
of the others . In addition, the variable distri-
bution along the axes could give some phy-
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VARIABLE

Ric
R
Ric
If

Af
Nsu
Nba
Dd
Ts

Rps
Asu
Bsu
Aba
Bba
Tsc
Lmw
Tvt
P1
P2
As
vmd
vmax

Ds
Al

VP
VA

UNROTATED FACTOR LOADDING

-0.81
-0.21
-0.43
0.62
0.72
0.60
0.30
0.72
0.73
0.33
-0.70
0.15
0.66
037
0.35
0.75
0.07
-0.26
0.76
0.44
0.89
0.73
0.61
0.50
0.66
0.83
-0.13

9.89
0.31

0.02
0.86
0.68
0.74
0.50
-0.03
.0.31
-0.13
-0.26
0.03
0.51
0.72
-0.24
0.01
-0.33
-0.28
-0.29
0.36
-0.14
-0.41
0.32
0.49
0.62
0.43
-0.32
-0.06
0.08

6.37
0.52

-0.24
-0.36
-0.43
-0.04
-0.02
-069
-0.33
-0.20
-0.38
0.04
-0.01
0.28
-0.14
0.13
-0.07
-0.48
-0.27
0.13
0.56
0.64
0.16
0.30
0.34
-0.05
-0.05
-0.07
0.44

3.24
0.62

FACTOR
v \'

0.19 -0.28
0.03 0.13
0.09 0.12
-0.02 0.01
-0.25 0.01
-0.06 0.22
-0.19  -0.45
055 -0.17
-0.22 0.10
0.87 -029
0.18 -0.M1
-028 0.05
-0.15  -0.01
0.30 0.58
-0.27 -0.60
-0.09 0.20
0.51 0.35
0.54 0.12
0.02 0.08
-0.06 0.15
0.03 0.01
-0.10 0.05
0.05 0.00
0.00 -0.01
032 -0.14
0.30 -012
0.13 0.46
2.49 2.19
0.71 0.78

\

-0.14
-0.09
-0.23
-0.09
-0.09
-0.07
0.37
0.00
-0.06
0.04
-0.23
0.08
-0.10
-0.31
0.39
-0.02
0.41
0.65
-0.12
-0.14
-0.05
0.01
0.10
0.45
-0.40
-0.10
0.30

1.83
0.83

vil

0.18
0.02
0.01
-0.10
-0.17
-0.09
0.23
0.00
0.07
-0.04
0.00
0.15
0.33
0.09
-0.21
0.00
-0.40
-0.04
-0.09
0.00
-0.01
-0.15
-0.22
0.39
0.15
0.32
0.45

1.10
0.87

Table 1. Unrotated factor loadings.
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siological significance to the mathematically
calculated axes. With this perpective the 3
groups of variables found in eye saccades,
Mns burst and the descriptive model will be
discussed.

Group 1 reflects the known fact that am-
plitude (As) and peak velocity (Vmax) are li-
nearly related (Goldberg, 1980), and that
peak velocity of saccades (Vmax) is also li-
nearly related with firing rate increase (If) in
the burst (Robinson, 1970; Fuchs and Lus-
chei, 1970; Schiller, 1970; Delgado-Garcia et

al., 1986; Gomez et al., 1986a). Also this
group 1 associates the firing rate increase in
the step (Af) with variables defining eye sac-
cade and burst increase parameters, a fact ex-
pected from current models of saccadic gene-
ration that assume a step command calcula-
tion from the mathematical integration of the
pulse signal generated by burst neurons (Ro-
binson, 1981; Fuchs et al., 1985). In addition,
the presence in this group of the saccade
mean velocity (Vmd) with maximun velocity
(Vmax) is coherent with results in oblique

Asu If 1

+Vmax
Af
S *Vmd
JvE Nba As
Al
Ri.c

Figure 2. Principal component diagram of the first two axes. Variable coordinates are obtained from
the unrotated factor loading table. Variable abbreviations appear in the methods section.
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saccades of cats, monkeys and humans
(Evinger et al., 1981; King et al., 1986),
where they found a linear relationship bet-
ween peak and average component velocity.
It can be concluded that the amplitude, peak
velocity and average velocity of the saccade
are coded by the step and pulse commands
(Robinson, 1970). The presence of the acce-
lerating phase duration (S) in group 1 sup-
ports the Evinger conclusion (1981) that this
period of time should be critical in determi-
ning saccade amplitude.

Group 2 includes variables exclusively
from the Mn, with a high linear correlation
coefficient between all the variables in the
group (R, Rfc, Rps ). It should be considered
that the slope of Mns increase of firing rate
during the burst (Rps) is related with maxi-
mum firing rate (R) and with the initial firing
rate (Ric) but not with the absolute value of
firing rate increase (If). This fact could be re-
lated with a higher excitability of Mns or by
a more abrupt input from pontine burst neu-
rons if the Mn has been previously depolari-
sed. It is impossible with the present set of
data to decide between the two hypotheses.
However, present data suggest that direct ex-
perimentation on intracellular register of
ABD Mns should be neccesary to prove a
possible higher excitability of membranes if
the Mn has been previously depolarized. Re-
search on intracellular ABD Mns has not
checked this question (Barmack, 1974;
Grantyn and Grantyn, 1978). On the other
hand, the high linear correlation of final fi-
ring rate (Rfc) with the other two variables in
the group should be interpreted by the fact
that a higher firing rate end state is more pro-
bable if a high peak frequency is reached.

Group 3 mainly is a group where dura-
tion variables from the burst and from the eye
saccade appear. In fact, from the 7 duration
variables considered in the present study, Ds,
S and B from the saccade; Dd, Ts and Tb
from the burst and Tsc from the exponential
model, 5 of them (Ds, B, Dd, Ts and Tsc) lie
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in group 3, and S and Tb are the only varia-
bles situated outside this group. First of all, a
high linear relationship appears between Mn
burst duration and eye saccade duration, a
basic result previously described in ABD
Mus studies (Fuchs and Luschei, 1970; Schi-
ller, 1970; Henn and Cohen, 1973). Given
that cat pontine burst neurons do not code the
duration of the horizontal component of eye
saccade in the burst duration (Kaneko, Evin-
ger and Fuchs, 1981) , some coupling mecha-
nism should exist between cat pontine burst
neurons and ABD Mns in order to match
burst Mn duration and the desired eye sac-
cade duration. On the other hand, saccade
profile skewness is a known fact (Baloh,
Sills, Kumley and Honrubia, 1975), where
the accelerating phase is shorter than the de-
celerating phase of the saccade. Present re-
sults show that the rising time of the burst
(Ts) and the accelerating phase of the saccade
(8) do not lie in the same group of variables
and there is no significant correlation het-
ween them. In the same sense, falling time of
the burst (Tb) and decelerating phase of the
saccade (B) do not lie in the same group, alt-
hough a better correlation is found between
them. However, in the 10 registered Mns the
ratios Ts/Tb and S/B are less than 1 (ranges
0.4-0.7 and 0.4-0.9 respectively, data not
shown). This result suggests that saccade
skewness is coded by Mn firing rate skew-
ness, but the irregularity in the particular time
when peak firing rate is reached blurs the
possible relationships between Ts with S and
Tb with B. In group 3 the eye position before
the saccade (P1) also appears. This result can
be interpreted by the positive correlation of
the eye position with the variables in this
group, and the negative relationship with va-
riables in group 2 plus Ric. This negative re-
lationship between P1 and Ric is due to the
convention used (right eye position positive,
left eye position negative and Mn recording
site in the left abducens). Presence of Nsu in
group 3 can be explained by its tight rela-
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tionship with Tsc. Parameters from the expo-
nential model will be considered later.

In order not to complicate the discus-
sion more, only the more interesting features
of the variables outside of these groups not
yet discussed, will be remarked on. The la-
tency variables Lmv and Tvf do not show re-
lationship with any of the considered varia-
bles. Also, the alertness level measure (Al)
does not show any association with any other
variable, suggesting that during the present
experiments the alertness level of the animal
was constant (Delgado-Garcia et al., 1986).

Some general observations can be made
from present principal component analysis
from ABD Mn burst and eye saccade para-
meters. In this sense, the axis labeled as I
seems to be a consequence of the negative re-
lationship of the initial firing rate (Ric) with
variables in groups 1 and 3. Its physiological
interpretation becomes obvious considering
that a low initial firing rate will be continued
by saccades of large amplitudes and long du-
ration. The axis labeled as II seems to have
more physiological significance, opposing
the variables related with amplitude and ve-
locity with those related with duration. This
separation of Mn and eye saccade parameters
implied in duration (group 3) with those of
amplitude and saccade velocity (group 1),
strongly suggests a different processing of
these two groups of parameters at premotor
level. In fact, it has been proposed that the
specification of duration and maximum velo-
city must be a general principle of the gene-
ral mechanisms generating saccades (Evinger
et al., 1981). In this sense, present models of
burst generation (Robinson, 1981; Fuchs et
al., 1985) propose neural circuits that can ac-
complish that double coding: pauser cells for
saccade duration and neuron implicated in
motor error generation for velocity and am-
plitude of the saccade. However, the parame-
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tric fixation of the desired saccade amplitude
by duration and maximum velocity suggests
the possibility that the saccade coding could
be parametric and not continuously generated
by the motor error signal as present saccade
generation models propose (Robinson, 1981;
Fuchs et al., 1985). Present analysis of eye
and Mn parameters cannot by itself demons-
trate the latter suggestion but it shows a deep
parametric structure in the encoding of sacca-
des by Mns.

With respect to the descriptive double
exponential model (Jiménez-Ridruejo et al.,
1983; Pozo et al., 1984) for the firing rate
burst of Mns checked in the present report,
its validity as a good predictor of Mn firing
rate during the burst is confirmed by the fact
that 82% of analyzed saccades bursts was ac-
cepted for subsequent analysis with the 8 li-
near correlation coefficient level described in
methods. In addition, validity can be tested
by the correlation between the model para-
meters and their corresponding Mn burst pa-
rameters. In this sense, time duration of the
rising exponential (Tsc) is correlated with the
rising time of the burst (Ts); the time cons-
tant of the rising phase of the exponential
(Bsu) is inversely related with the slope of
the burst rising phase (Rps); asymptotic value
of the rising exponential (Asu) is related with
the peak firing rate (R) and asimptotic value
of the falling exponential (Aba) with the final
firing rate (Rfc). All these results suggest as
valid the proposed (Jimenez-Ridruejo et al.,
1983; Pozo et al., 1984) double exponential
model. Such a modulation has been proved to
occur in ABD Mns 11 and to be neccesary to
explain saccade profiles (van Opstal and van
Gisbergen, 1985). For these reasons the ex-
ponential firing rate modulation should be in-
corporated in simulation models of the oculo-
motor system (Bahill and Stark, 1979; Fuchs
et al., 1985; Robinson, 1981).
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