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Navigational behavior in an animal can be modified due
to learning, and can exhibit variations between
individuals to create behavioral phenotypes. To achieve
high precision and reliability for either of these
phenomena, observations of individual animals must be
over long timescales (10-100% of a lifetime). This can
be difficult to carry out manually, so we implement and
demonstrate an automated approach to achieve new
orders of magnitude in precision and experimental
duration with free roaming Drosophila melanogaster
larvae. We modify a 3D printer system to automatically
maintain exploratory behavior while confining the
animals within the experiment area via a “pick-andplace” mechanism. Here, we demonstrate the ability of
this system to quantify and observe significant changes
in larva run speed and turn rate over experimental
durations of several hours, indicative of some previously
unexamined behavioral adaptations and mechanisms in
learning and memory. We will continue to further
develop and exploit its efficiency, precision, and high
customizability to explore other creative applications for
the robotic system, such as food and drug delivery and
implementing a similar approach for experiments with C.
elegans and other model organisms.

Drosphila melanogaster larvae have been long utilized as a
model organism due to their relatively simple brain
physiology, limited behavioral repertoire, and transparent
bodies. These characteristics make them ideal to study the
relationship between environmental stimuli (input), neuronal
activity and structure (processing), and behavior (output).
Despite their ubiquity in the field of neuroscience, current
studies with these animals are limited to durations of 5-15
minutes due to complications with experimental stages and
larval behavior at edges. Previously, this has been
compensated by studying large populations. However, two
main areas of study cannot be compensated with this method
and necessitate long durations in order to achieve statistically
significant results: individual variations in behavioral
phenotypes (i.e. personality, internal bias), and learning and
adaptation of behavior over time. Manual approaches to
achieving longer durations have very limited practicality,
especially as durations reach the order of hours and even
days. Thus, the need for automation arises.
In this project, we implement an automated system capable of
both handling and manipulating model organisms such as
Drosophila, creating a practical and efficient new method to
explore a wide variety of new experiments and phenomena.

We have developed an automated system, capable
of maintaining navigational behavior via a "pick-andplace" mechanism. We utilize a modified 3D printer
system developed by FlySorter, LLC, (schematic
shown in Figure 1) fitted with a custom nozzle. The
3D printer arm and nozzle move over the experiment
area. Larvae are allowed to crawl on a black agar gel
sitting on top of a metal plate. A simple camera set
up sits above to record each experiment. When a
larva is detected at the perimeter of the experiment
area, the robot picks it up and drops it off at the
center so that they may resume their run over and
over again while remaining within specified spatial
boundaries.
The uniqueness of our set up comes from the nozzle
design (close-up shown in Figure 2). The interface
between nozzle and larva is indirect, mediated by a
droplet of water formed at the bottom of its wide disk.
The surface tension of the water allows the nozzle to
pick up the larvae. A moat surrounds the experiment
area and is filled with water to rehydrate the agar
stage as well as to keep a source of water readily
available for pick up.
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Future Work

One of the main advantages of this system is its flexibility in design
and utility, and may be applied for various other tasks that have
previously been too difficult or impractical to implement manually -such as timed drug delivery or studies across multiple experimental
stages.
We implement and present here just one example: automated
feeding. The larva under observation is picked by the robot and
delivered to a predetermined feeding area. Chart 2 shows the
resulting speed (orange line) and turn rate (green line) for a single
larva during this feeding trial. Yellow bar indicates the time during
which the larva was feeding. There is a clear switch to a very localized
movement at the time of feeding (low speed, high turn rate). The
effect of the feeding after it was returned to a free roaming condition is
not yet clear, but this trial run nicely demonstrates the flexibility of the
robotic system. Feeding opens up new possibilities such as studies
with memory tasks and using food as reward, as well as studies over
even longer timescales (days instead of hours!).

We will continue our study of free-roaming larval behavior as well as
introducing environmental stimuli and exploring other possible
applications for the robot. Later on, we hope to combine our system
with a high-magnification microscope and optogenetic techniques in
order to study the relationship between neuronal activity and behavior.
The integration of microscopy, robotics, and optogenetics will be a
significant push for the field of behavioral neuroscience.
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Chart 2

Chart 1

While the project itself is still in its infancy, we present here some
preliminary results to demonstrate the power of this novel system and
method. We have recorded and analyzed 12 larvae under isotropic
conditions over about 5 hours each. Using a combination of geometric
contour analysis and machine learning algorithms, we have extracted a
couple of quantifiable behavioral characteristics (speed and turn rate)
over this new timescale (Charts 1A and 1B, respectively). The bold red
line indicates the average across these individuals.
We observe a possible downward trend in speed (A), modulating peaks
and dips on a timescale of about 2 hours with corresponding dips and
peaks in turn rate. However, note that the variability between individuals
is quite high. B shows changes in turn rate. Variability between
individuals is again high, but interestingly, it is relatively small in the first
10 minutes. Almost all larvae exhibit a large drop from a higher turn rate
(~5 turns/min) to a lower one (1-2 turns/min). Again, note that most
previous experiments were limited to just this initial timeframe (~5-15
minutes).
Due to the wide variation across different individuals in both speed and
turn rate, this small sample size is insufficient to draw any definitive
conclusions about a general trend in Drosophila navigational behavior.
Despite this, these results are promising; simply the ability to quantify
changes in behavior on the order of several hours is unprecedented, and
will help open up this new frontier in behavioral research.
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