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Summary

The slime mold Physarum polychephalum, a single-celled, multi-nucleated eukaryote, uses the diameters of tubes in its large 
body to keep a memory of encounters with food. In this form of bodily memory, the tubes in the network at the food source 
expand upon contact with food, while tubes far away contract.
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My late father, a bookkeeper by trade, used to, in pre-
computer times, keep track of numbers on an abacus. The 
rings in an abacus count digits of 1s or 5s digitally, either 
in the up position (which means count 1 or count 5) or in 
the down position (no count). The slime mold Physarum 
polycephalum uses its own single-celled but large body to 
keep track of locations where it has encountered food, but 
in an analog rather than a digital fashion (Kramar & Alim, 
2021). Body parts at the food source expand while parts 
far from the food contract. This dynamic bodily memory is 
made possible because the fluid cytoplasm of this amoeboid, 
multi-nucleated eukaryote moves in constant oscillatory flow 
in a tubular network.

To visualize the bodily memory that Kramar and Alim 
(2021) found, imagine a multi-armed balloon ribbed with 
many stiff rings to keep the entire balloon from expanding 
easily. The arms of the balloon represent the many tubes 
lined with actomyosin that connect the pseudopods of the 
slime mold. The body part that touches food releases a 
‘loosening agent’ – Kramar and Alim used this term in their 
hypothesis of the underlying mechanism – that softens the 
ribs (tubes) in that area. With fluids constantly oscillating, 
the soft-ribbed area expands immediately, while, with fluid 
volume constant, tubes at any distance from the contact point 
contracts. With the flow sloshing fluids inside the cytoplasm 
– formal term: advecting – the loosening agent soon reaches 
areas near the contact point, and after at first contracting, 
these nearby tubes now expand. Tubes far from the contact 

point, on the other hand, remain contracted. This dynamic 
picture of bodily memory is what the authors demonstrated 
in experimentation, with the story of the loosening agent 
backed up by a formal mathematical model producing the 
pattern of results. In short: at the contact point, we find tube 
expansion; in nearby areas, first contraction, then expansion; 
far away, contraction.

The bodily representation of food encounter forms a 
brand of morphological computation, in which body parts 
are used in cognitive computations (Pfeifer et al., 2014), 
much like humans counting with fingers. Constraints 
imposed by the body, such as the degrees of freedom we 
humans have with our limbs, should not be seen as merely 
constraints: they also help in computations. In humans, con-
straints in bodily movements ease what Pfeifer et al. call “the 
curse of dimensionality”, when too many degrees of freedom 
lead to too many parameters to control. The contraints of the 
volume of fluid in Physarum – imposed by physics – help 
bring the bodily memory to fruition. Whether the bodily 
memory system of this slime mold can find application in 
soft robotics, another area that Pfeifer et al. wrote about, 
remains to be seen.

Oscillations, which play a crucial role in the bodily mem-
ory of Physarum (Kramar & Alim, 2021), have also been 
suggested to play a key, ubiquitous role in orientation and 
navigation across species ranging from bacteria to sea tur-
tles (Freas & Cheng, 2022). Adjustments to oscillations that 
propel movement produce goal-directed servomechanisms 
for orientation and navigation. Bacteria (which are prokary-
otes), paramecia (which are eukaryotes), nematode worms 
(which are animals with small brains), and ants all interrupt 
forward movement occasionally in orientation and naviga-
tion to redirect travel in another direction (bacteria, parame-
cia, nematodes) or to take stock, look, and choose perhaps 
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a different direction of travel (ants). The bodily memory of 
Physarum can be seen as another form of servomechanism 
relying on oscillations, with the goal of adjusting tube diam-
eters to track food locations. The theme of servomechanisms 
operating on oscillators and oscillations runs wider than the 
realm of orientation and navigation that Freas and Cheng 
(2022) envisioned.

The bodily memory of the “intelligent” slime mold (Kra-
mar & Alim, 2021, quoted term on p. 1) puts another intel-
lectual trophy on Physarum’s shelf. The amoeboid is called 
intelligent because it displays a variety of problem-solving 
skills (summary: De la Fuente, 2015, p. 7). It finds mini-
mum distances in a maze, produces good solutions for the 
traveling-salesperson problem, and even comes up with an 
optimized network design likened to the Tokyo subway.

While this slime mold can be called a star of basal cog-
nition (Lyon, 2019), other micropscopic organisms also 
exhibit properties that we would associate with cognition. 
Bacteria, such as Eschericia coli, and Paramecium species 
sense their world, evaluate information, and behave in goal-
directed manners (Lyon, 2019). Bacteria and paramecia use 
their array of sensors to track chemical gradients, both appe-
titive gradients to move toward and aversive gradients to 
move away from, using the orientation mechanisms relying 
on oscillations (Freas & Cheng, 2022). Each of these organ-
isms displays elements that fall under a definition of cogni-
tion provided by Lyon (2019, p. 10): each uses “sensory and 
other information-processing mechanisms” and engages in 
“valuing … and interacting productively with features of its 
environment”. It is high time that we expand the realm of 
cognition beyond feats of the brains of animals.

Finally, to come back to Kramar and Alim’s (2021) 
story, one key writing strategy employed effectively by 

these authors at the Biological Physics and Morphogeneis 
Group of the Max Planck Institute for Dynamics and Self-
Organization is to stage the dramatic story before the math-
ematical story. They could have launched their experimental 
predictions with mathematical formalization, but instead, the 
drama unfolds first around the suspected, mysterious star 
of the show, Loosening Agent, whose identity is guessed 
at in the Discussion (adenosine triphosphate or ATP) but 
unknown. The reader has the rich dramatic scaffold to place 
the hard maths on. In this way, the drama enriches the maths, 
and the maths also enrich the drama in this latest chapter on 
the “intelligent unicellular eukaryote” (p. 1).
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