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"Signal transduction in bacterial chemotaxis"
Melinda Baker et al. BioEssays, 2006

Pam Lyon, "The cognitive cell: bacterial behavior 
reconsidered", Frontiers in Microbio, 2015



John Bonner, First Signals, 2000



Elaborations:

Boolean operations (and, or..),
And other kinds of integration –
Spatial and temporal.
Flexibility on an ontogenetic scale – learning,
Recurrent nets,
Decoupled representations (Sterelny),
Offline processing, model-based learning...



The image is from a 2021 talk.



From Haeckel, "Our Monism," 1892



Braitenberg, Vehicles, 1984



Hydra from Arendt,
"Elementary 
Nervous Systems"

Hanson, "On being a Hydra with, and without, a
 nervous system: what do neurons add?", Animal Cog., 2023





When cell surface receptors detect attractants 
such as food and moisture, oscillation 
frequency increases in the local area, which 
decreases cell surface tension, making the 
plasmodium more fluid... This causes 
protoplasm to flow towards the stimulus area, 
and directs the movement of the entire cell. 
Repellents such as light and certain salts induce 
the opposite response, increasing the local 
stiffness of the cell and restricting further flow 
into the area. 





More from Reid – "Much of the cognitive behaviour observed in 
Physarum is fundamentally a consequence of communication 
between the myriad contractile units. While each unit senses and 
responds to the environment around it, physical coupling between 
adjacent oscillators entrains them to each other’s frequencies 
(Nakagaki et al. 1999). This means they can respond to and influence 
the behaviour of their neighbours, and transfer information about the 
quality of local environments to distant parts of the cell."



Nature Reviews Genetics, 2007

Cognitive motifs:
Bonner's IO structures

Send-receive structures

Negative feedback 

Gallistel's read-write structures

...



Toyota et al., Science 2018. 



Model 1: Cognition is built from the 
concatenation and elaboration of 
cognitive motifs, which are 
basically local.
Model 2: Cognition is created 
through the modulation of large-
scale endogenous patterns of 
activity in whole systems.



‘Minimal cognition is, after all, present in bacteria, and when 
you look at what they do and how they do it, feeling just seems 
to not be part of the picture’ (p. 278).  [quoting me]

In the end, what decides the matter is a kind of seeing-as, or 
rather the absence of a kind of seeing-as. Looking at bacteria, 
Godfrey-Smith says he does not see them as sentient. The 
decisive reason turns out to be a kind of interpretive 
perception, the perception of bacteria as not conforming to a 
certain mode of being, the sentient mode. Coupled to this 
perception are background convictions about the importance of 
the nervous system (the book is about animals) and about how 
widespread we should take consciousness to be. So we are very 
much within the epistemological circle mentioned above. 
Speaking for myself, when I look at videos of what bacteria do 
and hear biologists talk about how they do it, I have no 
difficulty seeing feeling as part of the picture.





First road:

Subjectivity is the bridging concept.
Minimal subjectivity accompanies some kinds (not all) of minimal cognition.
Subjectivity exhibits graded presence – no "lights on" moment.
Nervous systems are important in the way they enable the focusing of 
subjectivity on a macroscopic scale.

Second road:
An essential role for nervous systems or for some other means of enabling 
Model 2 processes – large-scale activity with modulation.
The form of integration that those processes enable is essential to felt 
experience (sentience, consciousness in a minimal sense).



1. Two Models

2. Cognitive Motifs

3. Minimal Cognition and Sentience

4. One Path to Maximal Minds

----------

Unitary versus modular body plans.

Modular: many cnidarians, bryzoans, some ascidians, plants..

Unitary: humans, octopuses, ants..

The role of a recurring body form in the evolution of complex behavior.

Keijzer and Arnellos, "The animal sensorimotor organization: a challenge for the environmental 
complexity thesis," Bio and Phil, 2017

My "Individuality, subjectivity, and minimal cognition," Bio and Phil, 2016
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