
Vol.:(0123456789)

Biology & Philosophy (2021) 36:17
https://doi.org/10.1007/s10539-021-09792-4

1 3

Unlimited plasticity of embodied, cognitive subjects: a new 
playground for the UAL framework

Michael Levin1,2 

Received: 30 January 2021 / Accepted: 8 March 2021 / Published online: 16 March 2021 
© The Author(s), under exclusive licence to Springer Nature B.V. 2021

Abstract
Birch, Ginsburg, and Jablonka lay out a very convincing case for an important tran-
sition marker: unlimited associative learning (UAL). Especially welcome are the 
empirical predictions. I focus here not on the question of how to infer phenomenal 
consciousness from this behavioral metric, but on possible novel applications of this 
useful and fundamental framework. Specifically, I highlight two aspects of biology 
that are often not considered in philosophy of mind approaches that focus on natural 
species and evolutionary time scales. These are (1) the ability of minds and bodies 
to change drastically on the time scale of an individual experiencing subject, and (2) 
bioengineering of novel living forms with no evolutionary history at the organism 
level. Both of these aspects provide interesting new contexts within which to explore 
UAL and its implications.
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UAL and its implications; the biological examples are discussed in depth elsewhere 
(Levin 2019, 2020).

BGJ start out by drawing a clear line between “experiencing subjects” that have 
a subjective point of view on the world, and systems that do not. “Finding that line, 
and understanding how it was crossed, is a major challenge for science and philoso-
phy”. They are referring to a phylogenetic line—a major transition during evolution. 
It is important however to apply this long-standing question to a new timescale: met-
amorphosis during the lifetime of an individual, which focuses attention on the inte-
gration of minimal subunits into a cognitive whole and on the continuity of that con-
sciousness in the face of changes to its material substrate. BGJ’s framework focuses 
on the perspective of a single Subject—the owner of experience. But all cognitive 
agents are made of parts, and the key question is how the individual components 
(e.g., cells) integrate into a global whole that has a unified subjective experience and 
goals. Importantly, these parts can be rearranged during the lifetime of an individual, 
not only by evolution. One example is the transition of a caterpillar into a butterfly 
or moth; during this process, the animal’s brain is largely disassembled, and rebuilt 
to control an entirely new kind of body. Despite this drastic remodeling of the neural 
structures, some memories appear to be maintained (Blackiston et al. 2015). Like-
wise, a planarian flatworm’s head and brain can be completely removed, but upon 
regenerating from tissues in the tail half, memories persist (Corning 1967; Shomrat 
et al. 2013). What is it like to be a caterpillar changing into a butterfly, or a planarian 
being fragmented into several new individuals, all of which will bear the memories 
of the original (Neuhof et al. 2016)?

The lack of simple 1:1 identification of learning and memories with a clear, well-
defined “owner” during and after remodeling events is not limited to rare corner 
cases of living forms. Every multicellular creature takes part in the slow, gradual 
assembly of a cognitive agent from parts, during the acquisition of learning capacity 
and unified perspective from the embryonic state. Starting as one fertilized egg cell, 
numerous competent subunits (embryonic cells) work together to build a somatic 
embodiment of unified consciousness, recapitulating the evolutionary journey to 
multicellularity (Levin 2019). Thus, any theory of transition markers and conscious-
ness needs to be extended to deal with not only “intact”, behaving creatures that dif-
fer across geological timescales, but with ones whose bodies, brains, and minds are 
changing during the operation of their cognition. Cognitive agents not only change 
drastically during metamorphosis and regeneration, but are actively assembled from 
(non-, or minimally-conscious) components in a process that often takes weeks or 
months. Somatic plasticity is relevant for UAL not only because of the hardware 
that needs to make the associations, but also because of the questions concerning the 
changing substrate of the storied memories (associations formed during the UAL). 
In addition to the substrate, the information content is plastic as well, and can be 
altered by processes distinct from normal learning. For example, the transfer of 
memories that had belonged to different individuals (Bedecarrats et al. 2018; Pietsch 
et al. 1969) or indeed the wholesale inception of memories that had never belonged 
to any agent, using optogenetics (Ramirez et al. 2013; Vetere et al. 2019).

The question of phylogenetic transition also needs to be stretched in a different 
way, to account for the plasticity of life outside the normal evolutionary stream. 
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During embryogenesis, radical changes can be induced by experimenters in the 
structure and function of organisms, including adding or subtracting brain tissue, 
rearranging the topology of the nervous system, and providing entirely new capa-
bilities by sensory substitution experiments (Bach-y-Rita 1967; Blackiston et  al. 
2013). Even during adulthood, drastic changes to coherent agents can be made via 
transplants of brain tissue, which readily cross species (such as Drosophila neurons 
put into rodent or human brains (Savel’ev et al. 1994; Saveliev et al. 1997). Such 
work demonstrates living, functional chimeras (made at the genetic, cell, tissue, 
or organ-level of mixing) and constructs animals that contain material from very 
diverse species across the tree of life or indeed are functionally fused to inorganic 
sensor or effector organs. What is important about such cases is that they result in 
novel beings, with body and brain structures that are not anywhere on the standard 
phylogenetic history of life on Earth.

Multiscale chimerism is readily and routinely achieved in the laboratory and 
thus is firmly included in BGJ’s nomological sufficiency (not a metaphysical flight 
of fancy). A consideration of the plasticity and gradual assembly of minds, from 
diverse sources, widens the applicability of frameworks like UAL well beyond phy-
logenetic time scales and questions about whether a given “standard” species is on 
one or another side of the line demarcating conscious from non-conscious agents. A 
gradualist perspective is suggested by (1) the temporal continuum of developmental 
processes in which no single event can be identified as a magic transition from a 
“mere” ball of cells to a conscious being, and (2) the structural continuum of an infi-
nite set of living, functional combinations that can be made from cells and tissues 
of pre-UAL and post-UAL sources. Moreover, (3) cognition is multi-scale, as even 
individual cells (Baluška et al. 2016; Lyon 2006, 2015) and organs (Pezzulo et al. 
2015) from which an organism assembles are themselves examples of basal cogni-
tion: a given body may be home to more than one consciousness, including indi-
vidual cells, two brain hemispheres with perhaps distinct sets of preferences (Gazza-
niga 1970), etc. Thus, while cognitive capacities clearly feature major transitions, a 
fruitful conceptual approach is that of a gradual continuum—how much conscious-
ness—not whether there is consciousness or not.

Recent advances in synthetic bioengineering require extending consciousness 
frameworks even further. It is now possible to create entirely novel organisms, 
consisting from inorganic (Chan et al. 2012) or cell-based (Kriegman et al. 2020) 
components. These exhibit new morphologies and functional behaviors, and will 
become increasingly more sophisticated (Kamm et al. 2018). One crucial aspect of 
these organisms is that they exhibit structure and function that, unlike the rest of life 
on Earth, are not explained by a long history of evolutionary selection (although, 
some were evolved in a virtual world inside a computer (Kriegman et  al. 2020)). 
UAL must be sought as an emergent capacity, and will surely be a target of design 
for rational implementation, in synthetic organisms (Doursat et  al. 2014; Macia 
et  al. 2017; Sole et  al. 2016). A number of BGJ’s proposed tests can be directly 
implemented in synthetic organisms, for example (Testing Claim 1) to determine 
whether UAL’s components form a natural cluster by emerging together in diverse 
synthetic forms. Likewise, stimulus–response protocols (Testing Claim 2) can read-
ily be performed in biobots. Finally, the evolutionary emergence of UAL and/or its 



	 M. Levin 

1 3

17  Page 4 of 5

components in this new, parallel stream of life will serve as an important comple-
ment to the N = 1 of existing Earth lineages, and accessible long before exobiologi-
cal research provides additional subjects.

The kinds of new organisms that exhibit UAL will help refine not only the BGJ 
framework, but will serve as an important context in which to develop philosophy 
of mind and cognitive science for life-as-it-could-be (Langton 1995) and mind-
as-it-could-be. Especially salient are developments in the field of brain-computer 
interfaces (connecting devices to human or animal brains, and conversely includ-
ing biological controllers inside robotic bodies) which bring up important issues of 
intrinsic motivation and consciousness in non-protoplasm-based AI but also hybrid 
biological-AI (Oudeyer et  al. 2013) agents. Indeed, the intersection of questions 
about consciousness and the incipient creation of a pantheon of hybrid creatures 
containing biological and electronic/machine learning components reveal the impor-
tant links of UAL to questions of ethics (Levin et al. 2020) and how we are to relate 
to organisms that are living but outside of the “standard” phylogenetic ladder of cog-
nitive capacity.
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