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Abstract
: The common marmoset's performance in saccadic eye movements is *Corresponding  Author: Ali

similar to that of humans and macaques as a regular model in vision research, and Asadollahi , ,
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phylogenetically, it is a primate that is intermediate in the evolution between rodents University of Mashhad, Mashhad, Iran
and macaques. Therefore, with high cognitive capabilities and the potential to use Tel: 09150471410
molecular techniques, it is a suitable option for research. In this study, the E-mail: aliasad@uw.edu

characteristics of saccadic eye movements were investigated in two species of the
marmoset family.

: Two common marmoset and one black-tufted marmoset
were investigated after head-post implantation surgery and training in behavioral
tasks to measure the characteristics of saccadic eye movements. After extracting the
saccades, amplitude, velocity, duration, and inter-saccades interval were used to
compare. To compare the data, the overlap of histograms and boxplots along with
statistical tests were used.

. In all measured characteristics, a large overlap between histograms and
boxplots in the distribution of saccades data was observed between three animals. Keywords: Eye movements,
However, the statistical comparison of the data shows a significant difference Marmoset, Saccade
between the saccade characteristics (P<0.001).

: Despite the differences between species, the similarity in eye saccadic
characteristics in two species of common marmoset and black-tufted marmoset

indicates the possibility of using both species in vision research.
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Introduction

For decades, the macaque monkey has been an
ideal model for conducting behavioral and
psychophysical paradigms in the field of visual
neuroscience, which has shown a high capacity for
training and performing complex tasks for a long
time. Although due to the failure to use some
molecular technigues and genetic engineering that led
to the manipulation of the neural network in order to
find the causal role of neural structures in cognitive
activities, a gap between the activity of neural
networks and behavior is still felt. Because of its
characteristics, the marmoset monkey can be used as
a model to fill this gap.

Saccade is a fast eye movement that quickly
changes the direction of the gaze. Different brain
areas including the primary and secondary visual
cortex, the frontal eye field, the lateral intraparietal
area, and the superior colliculus are involved in the
process of formation and controlling saccades, which
ultimately project to the brain stem to generate eye
movements. The common marmoset's performance
in saccadic eye movements is similar to humans and
macaque monkeys in head-restrained condition,
although the saccade amplitude in marmoset is more
limited than that of humans and macaques, and most
saccades are less than 10 degrees.

The last common ancestor between humans and
marmosets lived about 35 million years ago, which
was before the last common ancestor of humans and
macaques (25 million years ago) and long after the
last common ancestor with rodents (100 million years
ago). Therefore, from a phylogenetic point of view,
the marmoset as an intermediate species in the
evolution between these two species is a suitable
option for use in research. Hence, the use of
marmosets as a promising model in the field of
neuroscience is increasing progressively.

In this study, due to the close relationship between
the common and black-tufted marmosets, the
characteristics of saccadic eye movements including
amplitude, velocity, duration, and intervals of the
saccades in these two species were investigated.

Methodology

Two common marmosets (Callithrix jacchus)
weighing approximately 450 (marmoset F) and 370
(marmoset R) grams and one black-tufted marmoset
(Callithrix penicillata) weighing approximately 370
(marmoset P) grams were used in this study. The
animals had free access to food and water. The
temperature of the animal facility was 25 + 2 degrees
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Celsius with a period of 12/12 hours of light/dark.
Also, the animals were treated with ultraviolet light
(UV-B) once a week for 90 minutes. All animal
experimental protocols for marmosets were in
accordance with the international protocols for
working with laboratory animals Guide for the Care
and Use of Laboratory Animals and the committee
for working with laboratory animals of the Ferdowsi
University of Mashhad with the code number
IR.UM.REC.1399.145.

Before starting the training of the animals and
performing the behavioral tasks, the titanium head-
post was implanted on the skulls of the animals in
order to prevent head movements during the task.
Then, the animals acclimatized to sit calmly on the
marmoset chair in 2-4 weeks of training.

After the animals were prepared for training in
behavioral tasks, the animal's chair was placed in
front of a 27-inch monitor, and the head was fixed.
Also, an eye-tracking system with a frequency of 120
Hz was used to record the location of the eyes while
the animal performed the task. The visual fixation
task was designed and implemented using the
Monkey logic toolbox in MATLAB. In this task, the
animals were trained to fixate at the central point
displayed on the monitor for 600 ms to receive a drop
of juice as a reward.

Saccadic eye movements were obtained
automatically using the combination of eye
movement velocity and acceleration. In the first step,
the raw eye signal was down sampled to 1 kHz. The
horizontal and vertical eye signals were smoothed by
a 20 ms moving averaging filter, and the angular
velocity and acceleration were calculated for eye
traces. A velocity larger than 100 degrees/sec is
considered as a potential saccade. Candidate saccades
were further processed if the acceleration exceeded
50007s2. In a 100 ms window before peak velocity,
the first time that the eye velocity exceeded 207s
considered as the saccade onset.

After extracting the saccades, metrics were compared
with the analysis of variance, and Tukey's post hoc
test was used to compare the averages between three
marmosets in each of the saccade characteristics. The

results were analyzed in MATLAB software.

Results

In this study, amplitude, velocity, duration, and
intervals between saccades were considered as 4
components, and two species of the common
marmoset (Callithrix jacchus) and black-tufted
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marmoset (Callithrix penicillata) were compared for
use in vision research. In this research, a total of 9744
saccades were extracted for marmoset F, 7053
saccades for marmoset R, and 8960 saccades for
marmoset P, which were used for further analysis.

The amplitude of the saccade, was investigated
and compared as the first component. The average
saccade amplitude was 6.2 + 3.2,6.3+1,and 5.8 +
2.9 visual degrees for monkeys F, R (common
marmoset), and P (black-tufted marmoset),
respectively, and this difference is statistically
significant (P<0.01 for the difference between
marmoset F and R and P<0.001 for the difference
between marmoset F and R and marmoset P). Despite
the significant difference, the histogram of all three
animals highly overlapped. In addition, the increase
in the saccade amplitude is correlated with the
increase in the saccade velocity in all animals.

The duration of the saccade, meaning the time
between the start and end of the saccade is another
component of the saccade which used to compare the
characteristics of eye movements in these two
marmoset species. The average of the saccade
duration for the common marmosets were 61.6 + 29.7
(for marmoset F) and 59.7 + 27.9 (for marmoset R)
ms, and for black-tufted marmoset was 59.7 + 28.1
(marmoset P) ms. The difference between marmoset
F and marmosets R and P is statistically significant
(P<0.01). Also, the histograms of all animals were
highly overlapped.

As the last component to compare the
characteristics of saccades, the saccade interval was
used. The average of saccades intervals was 286 +
195, 533 + 402, and 579 + 502 ms, for monkeys F, R
(common marmoset), and P (black-tufted marmoset)
respectively, which is statistically significant
(P<0.001). On the other hand, saccades with intervals
less than 500 ms were highly overlapped.

Discussion

After the introduction of the marmoset as a
potential model in vision research by Mitchell et al.
in 2014, the popularity of this model led to an
increasing effort to develop special equipment for
the marmoset in cognitive research, training
methods in cognitive tasks, and electrophysiological
recording. In this study, amplitude, velocity,
duration, and intervals between saccades, were
investigated and compared as characteristics of
saccades between two species of common and
black-tufted marmoset.
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Similar to previous findings in the common
marmoset, the amplitude of most saccades was less
than 10 visual degrees, and the histogram and box
plots were highly overlapped. Also, the increase in
the amplitude of the saccade has a positive
correlation with the increase in the velocity of the
saccades, which is similar to the reports about
common marmoset species, macaques, and humans.

The median of saccade duration for the common
marmoset has been reported as about 30-40 ms in
the previous reports, which is less than the median
reported in this study, 52-55 ms, for all animals,
which can be due to the difference in the sampling
frequency, 1000 Hz in previous reports compared to
120 Hz in the present study.

The median of the saccade intervals in one of the
common marmosets (marmoset F) was about 230
ms, which is similar to the previous reports of this
species. Despite the large overlap in intervals of less
than 500 ms in histograms, it shows a difference
with another common marmoset (418 milliseconds,
marmoset R) and the black-tufted marmoset (422
milliseconds, marmoset P). Since the marmoset R
and P (7 and 5 years, respectively) are older than
marmoset F (3 years) the results show that the
difference in age has a more important role in
creating a difference in this saccade feature than
inter-species differences.

Conclusion

Considering the close relationship between the
common and the black-tufted marmosets and the
similarity in the characteristics of saccadic eye
movements in these two species, despite individual
differences, the black-tufted marmosets can be used
in vision research similar to the common
marmosets.
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