

















16 Tunnel preference of active digging ants in each test when ants dig multiple tunnels in response to same UV stim-
ulus. Blue indicates the proportion of active ants that dug the expected tunnel in response to UV; orange indicates
the proportion of active ants that dug alternative tunnels in response to UV. Test 2 shows majority of active ants
dug tunnel B, using the moving UV as a target instead of as the predicted UV guide (tunnel A). Test 3a shows half
the ants chose the expected branch tunnel D, while half chose to develop alternative tunnel C. Test 3b shows a
majority of ants digging branch tunnel E. Test 4 shows a majority of the ants in the 45 ant partition digging the main
diagonal path and some starting a small vertical branch. Test 5 shows all the ants in the 30 ant partition digging
the expected diagonal. Test 6 shows majority of ants in 75 ant partition digging the main diagonal, but after it is

completed, they shift towards digging a second vertical tunnel.

Population size did not seem to affect digging speed or
efficiency (Figs. 13, 14), nor did it significantly alter the
number of active ants digging at any time (Fig. 15). That

is, smaller population sizes could dig their tunnels as fast
or faster, and had proportionally more active ants, than

the larger population sizes. Figure 15 shows the average
and maximum number of digging ants as a function of ant
population. While larger populations generally had more
actively digging ants and the mean number of diggers
increased with population size, doubling the number of ants
did not double the number of diggers, and at 90 ants, both
the maximum and mean number of diggers decreased. This
indicates that arena size and environmental conditions play
a large role in digging activity rather than population size.
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13,14, 15
13 Area of gel dug by ants over
time in response to the moving
UV guide. Peak digging activity
is noted to be in the first 24-72
hours of the test, after which
activity rapidly drops off.

14 Area of gel dug by ants over time
in response to the static UV goal.
Peak digging activity is noted to
be in the first 10-20 hours of the
test, after which activity drops
off; this is less than half the time
they are active with a moving UV
light. Some sample populations
exhibit an increase in digging
activity after 30-40 hours again
to develop secondary tunnels.
Intensity of digging activity is not
correlated to population size.
16
15 Mean and maximum number of
active digging ants in different
population sizes of ants for tests
4,5, 8. Increasing the population
size of ants is correlated with
a slight increase in maximum
number of digging ants but
without a significant increase
in the mean number of digging
ants, or anincrease in dig rate.

The amount of ant activity was correlated with static or
moving UV light, with ants responding more vigorously and
for a longer duration to a moving UV light source than a
static one. With the moving source, ants would search until
they found the changing UV light direction, either matching
its direction or changing course to target it. Also signifi-
cant was that in addition to the UV bias, ants have other
preferences when digging, like starting tunnels at the hard
corners of the arena or where there were discontinuities
in the gel. This was especially notable in tests 4, 5, and

B, where the UV stimulus was in the middle of the arena;
instead of starting from a point with the shortest path to
the UV light, the ants preferred to start at the corners
downwards and then switch directions to diagonally reach
the UV light. These preexisting preferences, combined
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17

17 Future work using 3 dimensional gel arena with multiple moving UV light guides and multiple starting points. UV light (yellow points) follow toolpaths (purple

lines) to attract ants along the tool path.

with the random local interaction of ants before collective
trends can emerge, resulted in the multiple tunnels dug in
response to the same UV light in numerous tests (Fig. 18).

Notable in this work is the large population of lazy ants in
all the tests—up to 96% of the ants would rely on usually
fewer than five hard working ants to dig the majority of the
tunnels at any given time. Prior work (Aksoy and Camlitepe
2018) shows that generally at least 50% and up to 75% of
a colony's ants in situ are inactive, potentially as nature's
backup in case the working ants are hurt. Another potential
reason for the high proportion of lazy ants in our sample
sets may be that, given that we purchased these ants
commercially, our sample set likely has a high proportion
of older foraging ants that normally favor duties outside

of the nest (and can thus be captured.) This indicates that
the age range of the workers used in the experiments is
important to clarify, or that a whole colony be used, in
future work.

After the tests, the ant gel tunnels were successfully

cast with a two-part silicone and easily removed. The gel
can then be reheated and reused to create new tunnels.
This suggests that casting in ant-dug tunnels would be

a feasible way to subtractively form molds that would

be difficult to mill. Given some of the inherent unpredict-
ability of the tunnel paths, this would likely be a feasible
manufacturing method for forms where granular detail is
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not critical as long as it meets higher-level goals, such as
having more material cast at any point where the UV light
might have been stationary or having multiple cast lines to
every point the UV light was.

CONCLUSION: WHAT DO ANTS GET YOU?

Our study is a preliminary proof-of-concept that shows that
ant tunneling can be consistently biased by UV light, and
that this guided tunneling could be harnessed with design
intent. UV biasing can be implemented with the UV light

as a goal as well as a guide, with initial results showing
that targeting it as a goal is more successful. Preexisting
geometric features in the gel (cracks or discontinuities) or
by the arena boundaries (hard interfaces) have a strong
effect on where tunnels start, but eventually the ants will
always be biased by the UV light, as shown by the consistent
targeting of the UV stimulus in our stationary tests and the
ability to prompt new branches off of old tunnels with our
moving tests. Peak tunneling rates ranged from 3.3 to 8.1
cm? of material removed per day and was uncorrelated

to the number of worker ants available but was strongly
correlated to the amount of time that the workers were in
the arena. The tunnels created in the ant gel can be easily
cast and the gel can be melted and reused for new tunnels.

The project demonstrates that by manipulating the UV
stimulus, we can provoke high-level predictable patterns of
ant response, albeit with substantial low level noise. The ant
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gel we use provides nutrition and water and can potentially
sustain the colony, while the ants inexpensively dig tunnel
forms that are hard to create with existing technologies.
They point towards a design approach where instead of
prescriptively planning and detailing the only desirable
outcome, the designer tunes a system towards probabi-
listically guaranteed outcomes that result from emergent
processes with hybrid authorship. And while the system we
designed cannot currently compare with the precision and
consistency of an industrial fabrication system, it offers
new fabrication possibilities with real-time adaptability to
unexpected impedances, programmability through envi-
ronmental templating, self-perpetuating sustainability,

and the ability to fabricate challenging structures. This

can help establish methodology for codesigning with
distributed natural agents that allows for decentralized
adaptive tunability during fabrication, with principles that
can be applied to artificial systems of autonomous agent
collectives.

This is a starting point; improvements include additional
replicates of the original toolpaths and testing with larger
populations, such as a whole colony or with ants of a known
age. Future work also includes prototyping in 3D (to move
beyond planar tunnels) and with multiple dynamic UV light
sources and starting points, as in Figure 17. Finally, there

is the desire to increase the precision of the UV templating
as well as the scale of the structures that the ants can

form to increase the feasibility of use in novel fabrication
workflows.
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