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This Supplementary Material provides additional information on the experimental setup and methodologies
employed in this study and on the tangentially driven polymer model utilized for our analysis.

I. EXPERIMENTS

A. Experimental set-up

In our experiments, we placed a single T. Tubifex worm into pillar arrays submerged in a thermostated water volume, tracking
their motion in real-time through 2-hour video recordings. We investigated two geometries: (i) a periodic crystalline structure
and (ii) a disordered geometry with randomly positioned pillars.

For each pattern, we inserted N static pillars with a radius Rp = 2.5 mm on a square two-dimensional surface of the same
material, ensuring no overlap between the pillars. We imposed the condition that the minimum distance between two pillars is
approximately the characteristic width of a worm (∼ 500 µm) to allow worm passage. The surface fraction of the pillar varied
from 10% to 60%, calculated as φ = NπRp

2/L2. In the disordered medium, pillar positions were randomly selected using the
numpy.random library in Python. Pillar placement continued sequentially, retrying if a selected location was closer than 2.5+1
mm to a previously placed pillar, until reaching the desired surface fraction φ. Supplementary Figure S1 shows the experimental
geometries, with dimensions L2 of 230x230 mm2 for ordered and 440x440 mm2 for disordered setups. The larger setup involved
cutting holes in an acrylic sheet and placing short acrylic rods with a radius of 2.5 mm; the ordered geometries were 3D-printed.
We observed no significant differences in the behavior of the worm between the two dimensions.

To quantify the size of the voids in the different geometries, we used Delaunay triangulation (as implemented in the
scipy.spatial library). Delaunay triangulation divides an area containing a set of points into triangles, such that the circum-
circles of these triangles do not contain any points. It allows us to find the biggest possible circles that one can draw that do not
contain any of the pillars. The radius of these circles are taken as a good approximation for the void sizes in the geometries, so it
is possible to compare how the void size distribution changes with the surface fraction of the pillars. Supplementary Figure S2
shows the distribution of void radii in the pillar arrays, following a log-normal distribution. For larger surface fraction above
φ = 50%, we were unable to produce a disordered medium using the standard method. Instead, we started from an evenly spaced
hexagonal lattice, randomly removing pillars to achieve the desired surface fraction. Next, the pillars where allowed to diffuse
for a while. This resulted in a (largely) hexagonal lattice with defects, exhibiting a more mono-disperse void size distribution.
Due to this, the worms behaved similarly to those in the square lattice geometries, therefore they will be referred to as ordered
in subsequent materials.

1. Tracking and mean square displacement (MSD)

In the experiments, worms are positioned atop the geometries in a 15 cm deep water bath, dimly illuminated from below with
an LED panel. The camera recordings from above capture the experiments (Nikon D5300 equipped with a macrolens), which
are subsequently analyzed using a Python script. From the images, we extracted the center of mass (CoM) and the contour of
the worm, as shown in Figure S4.

After tracking the worm’s CoM position (rcm = (x,y)), we compute the mean square displacement as a function of lag time
MSD(τ) = ⟨(rcm(τ)− rcm(0))2⟩. Each experiment yields one MSD curve, which is then averaged to produce the curves reported
in the main paper. Supplementary Figure S3 displays the MSD curves of all experiments with the average represented by the
black line.
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SUP. FIG. S 1. The ordered and disordered geometries used in the experiments. The axis are in millimeters and the radius of the pillars is
r = 2.5 mm. The surface fraction occupied by the pillars is indicated in the top left corner in red. The bottom left corner shows the Delaunay
triangulation.
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SUP. FIG. S 2. Pore size distribution in the geometries. Distribution of the radii of all possible biggest circles that do not contain any points,
as found through Delaunay triangulation, as a measure for the size of the voids in the pillar arrays. The distribution of the void sizes are well
fitted with a log-normal distribution. For φ = 50% the distribution is fitted by the sum of a Gaussian and a log-normal distribution.
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