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Preface 

A major point of emphasis in this book is that our intelligent cells utilize chance 
events to channel creativity. Chance entered my life through an unanticipated 
encounter with a ‘boy named Sue’ on a blustery fall day 15 years ago. ‘Sue’ was 
the towering Tyrannosaurus Rex fossilized skeleton that dominates the magnificent 
rotunda of the Chicago Field Museum. I had visited the museum one late afternoon 
seeking relaxation after many days of intensive medical meetings. There was no 
purpose other than a pleasant diversion. Before that moment, my interest in evolution 
had been superficial. Yet, one glimpse of that titanic creature changed everything. 
Despite obvious differences in scale, I was startled by unanticipated resemblances 
between the major bones of the T. Rex and our human ones. My companion that 
afternoon was an astute physician and colleague who had joined me on this brief 
excursion. When I expressed my amazement at these anatomic similarities and my 
further impression that the conventional evolutionary narrative seemed critically 
lacking, his rejoinder was adamant. I was failing to properly appreciate geological 
time-spans. It was fanciful to think otherwise. For reasons that still elude me, a 
gauntlet had been thrown. 

My broad medical training as a physician was a singular advantage. I was already 
struggling to reconcile the patterns of infectious disease that could be observed in 
my daily medical practice with the then governing perspectives of microbial life that 
existed several decades back. To my appraisal, their consistent patterns of behavior 
suggested preferences for specific body locations. If that was the case, they likely had 
a degree of sensory awareness and intelligence. That thought sparked a preliminary 
investigation of the intricacies of the microbiome and, rather unexpectedly, led to a 
second career as an evolutionary biologist focusing on this novel perspective. 

In all endeavors, it is always a matter of timing, perseverance, a modicum of 
innate abilities, and luck. Each of these ingredients contributes to the innumerable 
connections necessary to succeed in any complex endeavor. Some of these 
fortuitous relationships merit special mention. Foremost among these was the early 
endorsement of my unconventional thoughts by my brilliant, now-deceased brother-
in-law, Spencer W. Franck, Jr. He discerned a kernel of merit in my arguments when 
so many others were dismissive. Without his encouragement at a pivotal moment, 
my efforts would have dwindled, and this volume would never have been written. 

I was also blessed to meet a remarkable biologist, John Torday, who became my 
early invaluable collaborator. The opportunities to exchange ideas and debate his 
unconventional insights were indispensable to all contained herein. My additional 
scientific collaborators over the last several years also claim my particular thanks: 
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Frantisek Baluška, Arthur Reber, Jean Guex, Francisco Enguita, Ana Lúcia Leitão, 
and Perry Marshall. Although not direct collaborators, a few other scientists deserve 
personal note due to their overarching influence: Denis Noble, Frank Ryan, Luis 
Villarreal, Arnold De Loof, Brian J. Ford, James Shapiro, John Lieff, Michael Levin, 
Chris Fields, Eugene Koonin, Guenther Witzany, Pamela Lyon, Pedro Marijuán, 
Jaime Cárdenas-García, Loris Zamai, Richard Jacobs, and Tam Hunt. However, 
it must be emphasized that this book could never have materialized without the 
hundreds of exceptional scientists cited in this volume. Isaac Newton stated it best 
in a letter to Robert Hooke in 1675: “If I have seen further it is by standing on 
the shoulders of Giants”. My hope is that this volume will burnish their remarkable 
achievements and serve as a stepping stone to the next better truth. 

These acknowledgments would be woefully incomplete without emphasizing the 
paramount relationship that sustained this whole enterprise and whose value I regard 
as immeasurable. None of this would have been possible absent the steadfast and 
loving support of my inestimable wife, Linda. 

Finally, my special thanks goes to Taylor and Francis/CRC Press. Their foresight 
enables this first volume specifically devoted to Cognition-Based Evolution. 
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CHAPTER 1 

Introduction 
Evolution Recast 

“Sooner or later you must move down an unknown road that leads beyond 
the range of the imagination, and the only certainty is that the trip has to 
be made”. 

Bruce Catton, historian (1899–1978) 

In a celebrated 1973 essay, the renowned evolutionary biologist Theodosius 
Dobzhansky famously exclaimed: “Nothing in biology makes sense except in the 
light of evolution” (Dobzhansky 2013). Generations of biologists have co-opted this 
striking phrase in defense of Darwinian evolution by natural selection. The maxim 
still holds, but decades later, it is now found to be incomplete. Based on definitive 
research, an illuminating amendment is mandated: “Nothing in biology and evolution 
makes sense except in the light of cognition”. 

Scientific investigations warrant that all cells are intelligent at their scale (Ford 
2004, 2009, 2017, Lyon 2015, Miller 2016a, Majumdar and Pal 2017, Reber 2019). 
Consequently, biological and evolutionary development have been upended. 
Cognition-Based Evolution inaugurates from within this secure, unorthodox base, 
firmly placing all biology and evolution within a framework of ‘the intelligent 
measuring cell.’ (Miller 2016a, 2018, Baluška and Miller 2018, Miller et al. 2019, 
Torday and Miller 2020, Miller et al. 2020a, Baluška et al. 2021). From this 
fresh vantage, a contemporary, encompassing evolutionary narrative unfolds that 
overcomes the accumulating manifest deficiencies within conventional Neodarwinian 
evolutionary theory. 

The initial premises of evolution theory had many forebears but commenced 
decidedly with the publication of Darwin’s seminal, ‘On the Origin of Species’ in 
1859 (Darwin, 2004 [1859]). It was greeted by an immediate onslaught of insistent 
countervailing attacks on both religious and scientific grounds. Nevertheless, its 
principle tenets have achieved undeniable primacy, reaching such an extent that 
Darwinism and evolution are viewed as an identity by the majority of the scientific 
community and the general public. Any casual web search on evolution populates 
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with nearly limitless sources insisting on the hallmark principles of the modern 
interpretation of Darwinism: evolution is caused by natural selection acting on 
random genetic variations that express as gene frequencies in populations. Over 
decades, natural selection took center stage in our evolutionary narrative. Although 
there is no question that natural selection plays a significant role in evolutionary 
development, the 20th century emphasis on that process as a driving force 
obscured that its consequences must always be post-facto to preceding variations. 
Consequently, a predominant interpretation of the scope of natural selection 
has emerged that significantly misinterprets its role. As will be explored, a more 
productive evolutionary focus centers on the exact manner in which biological 
variations arise to yield sustainable heritable products. Cognition-Based Evolution 
(CBE) endorses a robust alternative to the conventional Neodarwinian narrative of 
random genetic variations. Multicellular evolutionary variation emerges from the 
collective problem-solving actions of intelligent, measuring cells. 

Ironically, Darwin’s success has become its inadvertent reciprocal limitation. 
The beguiling elegance of his theory of natural selection forcefully gripped the 
imaginations of scientists and the general public with uncommon facility. Its popular 
reduction to ‘survival of the fittest’ swiftly became its implicit embodiment. Yet, 
placing the theory of evolution by natural selection in those terms was a disservice to 
the meticulous depth of Darwin’s thoughts. 

Part of its enduring primacy is that once this alluring theory is considered, it 
seems intuitively obvious. Thomas Henry Huxley (1825–1895), a prominent English 
biologist and contemporary admirer of Darwin, examined natural selection theory 
and despondently stated: “How extremely stupid not to have thought of that” 
(Huxley 1887). Yet, the concept of natural selection was not novel to Darwin. Nor is 
it the reason that he deserves his place among the pantheon of preeminent scientific 
intellects. The sharp point of Darwin’s brilliance was his deductive observation 
that creatures inevitably varied over time and in so doing, propelled evolutionary 
changes. He had no idea how those variations occurred, but he knew that biological 
flexibility was a consistent product of breeding in animal husbandry and agriculture. 
He termed these variations ‘sports’, adopting the common terminology of breeders. 
With singular insight, he concluded that these variations represented the feedstock 
of continuous evolutionary change from a common progenitor forward (Miller 
2013). He also intuited a further crucial, incumbent linkage. The persistence of these 
variations depended on their reproductive success as a function of natural selection. In 
a flash of insight, Darwin was the first to fully grasp the correct biological hierarchy. 
Variations occur first; selective influences follow. Cognition-Based Evolution (CBE) 
distinguishes itself from conventional Neodarwinism precisely on these grounds by 
concentrating on the sources of variation rather than the influence of selection. 

Unquestionably, the Darwinian theory of evolution by natural selection has 
undergone its own form of adaptive evolution for over 100 years. There have been 
persistent attempts to refresh it by incorporating fresh scientific discoveries, such as 
the rapidly expanding science of genetics. Consequently, its current embodiment is 
represented by contemporary Neodarwinism, epitomized as the Modern Synthesis 
and serving as the current mainstay of evolutionary thought. This modern iteration 
of Darwinism rests on four cardinal buttresses: a) evolution is due to predominantly 
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random heritable genetic variations, b) the persistence of these variations relates to 
reproductive success subject to natural selection, c) longitudinal descent through 
these successive random variations is necessarily gradual, and d) the target of 
selective influence is primarily centered at the level of the visible macroorganic form 
(Futuyma 2017, Koonin 2012). 

Cognition-Based Evolution (CBE) stands apart from each of these particulars. 
Most significantly, this entirely different evolutionary explanation inaugurates from 
a unorthodox base compared to Neodarwinism. All cells are intelligent, and further, 
that intelligence defines the living state and all subsequent evolutionary development. 
Beginning from this unprecedented source, CBE proceeds in an entirely distinct 
manner from Neodarwinism: variations and their deployment as adaptations are the 
result of intelligent cells collectively assessing and communicating information to 
problem-solve. This collaborative process is a form of natural engineering, and it 
is this self-organizing impulse that directly drives multicellularity. Significantly, 
this constructive co-engineering process requires the co-participation of the three 
cellular domains (Prokaryota, Archaea, Eukaryota) and the virome. By this means, 
CBE methodically explains why all multicellular eukaryotes are oligatory holobionts 
comprised by participants from all of the elemental domains. Multicellular eukaryotes 
are the unicellular domains’ means of continuously exploring and adapting to 
environmental cues, thereby permitting their permanent planetary perpetuation. 

Although not generally recognized, biology has remained an orphan among 
its brethren sciences. It alone had not uncovered a method of becoming a field of 
exacting measurement rather than observation. Undoubtedly, sophisticated statistical 
analysis is applied to population genetics, but it has added less than hoped since it 
offers no predictive value. While other fields were transforming in the last several 
decades, especially physics, evolutionary biology remains a largely descriptive 
enterprise (Moss 2012, Nicholson 2012). 

Decades ago, initial genetic discoveries gave tantalizing hope that fundamental 
causations might be revealed through its deeper scrutiny. Yet, fifty years later, 
evolutionary biology remained mired in post-facto associations and presumptive 
correlations. Although our technical abilities to understand genomic patterns have 
grown explosively, these have yielded no breakthroughs for the ‘why’ of what we 
can observe. The genetic building blocks that underpin all living things are being 
scrupulously identified, but why they are arranged precisely as they are remains 
as elusive now as decades ago. Biology’s principle handicap has been that other 
than its faith in natural selection, the exact mechanisms that determine biological or 
evolutionary development have not been illuminated (Scheiner 2010). Despite much 
research, a coherent central theory of biology beyond Neodarwinian assumptions 
remained lacking (Torday 2015). Consequently, the long-term major questions about 
evolution are still currently addressed through compartmentalized theories developed 
within siloed disciplines (Schreiner 2010). 

For example, the issue of the persistence of life is primarily addressed by general 
biology. On the other hand, the reasons why organisms change and diversify are 
regarded as the purview of evolutionary biology. While the field of genetics dominates 
the topic of faithful heritability, the structure and function of cells is the domain of 
cellular biologists. Further yet, the mystery of how individual organisms maintain 
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their self-integrity and what it means to be an organism is considered appropriate 
for the philosopher’s perch. In contrast, why organisms are distributed as they are 
is the realm of ecology. Among these varied disciplines, selection has been the 
single uniting theoretical glue. In the conventional view, natural selection somehow 
hammers, shapes, and nudges endless iterations of purposeless genetic variations 
into constructive biological outcomes. 

Accordingly, the evolutionary literature has tended to concentrate on issues of 
the precise targets of selection with the expectation that if these were sufficiently 
identified, definite answers might ensue. Instead, what is required is a fresh vantage 
on evolutionary development tasked to resolve the largest issues in biological and 
evolutionary development, offering coherent answers that had previously eluded 
Darwinists. Those paramount questions are surprisingly few. Are evolutionary 
processes random or not? If not, why not? Is there any purpose to the billions of 
years of evolution that have been documented? If so, what is its deterministic aim? If 
evolution achieves direction, what force or combination of forces propel it? 

Beyond this limited palette, five further issues and their related questions require 
explanation (Miller 2016a). First, expressly how is heritable variation achieved? Is 
genetic transmission almost entirely vertical in eukaryotes, or are horizontal genetic 
exchanges commonplace? Secondly, is selection ultimate causation or just one force 
among others? Third, is genetic inheritance the authentic controlling process in 
evolutionary development? Is biology just related to gene frequencies as explicitly 
taught, or are there other factors to consider? Fourth, is evolution random or not? If 
evolution is not random, what is the identifiable object of selection? And lastly, why 
are all multicellular eukaryotes holobionts without exception? 

Fortunately, the last decades have provided a wellspring of illuminating research 
and provocative theorization. These are enabling explorations of biological 
and evolutionary development along pathways inconceivable to Darwin, his 
contemporaries, and initial successors. Two specific advances have been singularly 
important. First among these is the experimental and theoretical research confirming 
that all cells are cognitive self-referential agents (Baluška and Mancuso 2009, 
Shapiro 2011, Trewavas and Baluška 2011, Miller 2013, 2016a, 2018, Dodig-
Crnkovic 2014, Lyon 2015). Crucially, cognition is present at every scale and defines 
life (Ford 2004, 2009, 2017, Trewavas and Baluška 2011, Miller 2013, 2016a, 
Baluška and Levin 2016, Vallverdú et al. 2018, Reber 2019, Baluška et al. 2021, 
2022). Critical research substantiates an expansive suite of cellular faculties that 
were unimagined a mere two decades ago (Ford 2004, 2009, 2017, Lyon et al. 2021). 
True, cellular awareness is limited. Yet, it is effective and of sufficient magnitude to 
permit cells and cellular microbes to assess, communicate and deploy information to 
consistently support their individual homeorhetic preferences. Homeorhesis denotes 
a dynamical system that tends to return to a particular trajectory of energetic flux 
as opposed to the earlier concept of homeostatic equilibrium. (Miller 2013, 2016a, 
Baluška and Levin 2016, Miller et al. 2020a). Consequently, in a cognitive frame, 
information processing is the core cellular activity and underlies all resulting cell-cell 
communications that lead to the full array of biological outcomes. Most importantly, 
basal cognition does not merely enable collaboration, cooperation, co-dependency, 
and effective competition among cells but specifically impels it (Ben-Jacob and 
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Levine 2006, Ben-Jacob 2009, Miller 2016a, 2018, Miller and Torday 2018, Miller et 
al. 2020a,b). The basis of these conjoining actions is the cellular capacity to measure 
informational inputs. In so doing, each cell can engage in non-random intentional 
actions through cognitive information processing. Consequently, cognitive cells 
should be appraised as deliberate measuring instruments (Miller 2016a, Miller et al. 
2019, 2020a,b, Baluška and Miller 2018, Baluška et al. 2021, 2022). Further, and most 
critically, those measurements are directly aimed at sustaining cellular homeorhesis 
versus the constant flow of environmental stimuli to protect the self-identity of every 
cell. This process, over time, is adaptive evolution, assuring the continuous cellular 
assimilation of the environment. 

The second requisite shift critical to a productive reappraisal of Neodarwinism is 
our contemporary understanding of the multicellular eukaryotic form. Metagenomic 
techniques have revealed that all multicellular eukarytoes are holobionts as intimate 
entwined, reciprocating partnerships between eukaryotic cells and a vast microbial 
cohort (Miller 2016b). These vast confederacies are linked cellular ecologies 
with constituents of mixed cellular species that function together so seamlessly 
as to act as a single being but is manifestly not. It has only been with the recent 
advent of advanced genomic and metagenomic analysis that the astounding extent 
of microbial participation in eukaryotic life could be adequately grasped (Miller 
2016b). Pertinently though, the collaborations that vitalize this collective form of 
life are exactly centered within ubiquitous cognition and its adjunctive cell-cell 
communication (Schauder and Bassler 2001, Visick and Fuqua 2005, Torday and 
Rehan 2012). Consequently, Darwinian evolution must be recast as an exploration of 
why linkages of these specific participants consistently recapitulate as a vast totality 
of intimately reciprocating ecologies as reproducing holobionts (Miller 2013, 2016a). 

In addition to these essentials, other transformative elements are required to compel 
a new evolutionary narrative. Chief among these is our burgeoning understanding of the 
complexities and extent of cell-cell communication galvanized by cellular cognition. 
Crucially, how cognitive cells appraise information and deploy it can now be more 
effectively analyzed. Critical, too, has been the several decade-long accumulation 
of knowledge about epigenetic (non-genetic influences on gene expression) impacts 
and their heritable transmission, effecting both immediate and heritable changes on 
holobionts (Jablonka et al. 1992, Jablonka and Lamb 1998, Skinner 2015) Skinner 
2015). Until just a few years ago, epigenetic influences were considered merely 
transient and arbitrated through natural selection (Feng et al. 2010, Houri-Zeevi and 
Rechavi 2017). For decades, biologists remained averse to accepting the crucial role of 
epigenetics in evolutionary development, tainted by disdain for previously discarded 
Larmarckianism that had championed the possibility of inheritance of acquired 
traits. Yet, contemporary research asserts that a surprisingly consequential range of 
non-random epigenetic influences affect flexible genomes, assuming a substantial 
role in evolutionary development (Jablonka and Lamb 2008, Laland et al. 2015, 
Torday and Miller 2020, Miller et al. 2021). Therefore, the prior presumption of 
strict vertical inheritance is no longer tenable. 

The authority of 20th century Neodarwism rested on its confident assumption 
that evolution is the chronicle of differential fitness of heritable variations resulting 
from random genetic mutations within central genomes (Bowler 1989, Poelwij et al. 
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2007). Within that framework, it seemed logical that evolution can be reasonably 
ascribed to a matter of changing gene frequencies disciplined by natural selection 
(Koonin 2009). However, 21st century research animates a thorough rethinking of 
genetic variation and evolutionary development. Consequently, Cognition-Based 
Evolution (CBE) merely follows the time-honored scientific tradition of periodic 
revision of any dominating theory based on fresh evidence. It was no different 
with early 20th century Darwinists. When confronted with the newly evolving 
science of genetics, they accommodated it by folding its initial findings into the 
standard architecture of Darwinism, thereby expanding it into an amended Modern 
Synthesis. However, there is a salient difference in this present revisionary instance 
compared to any prior. CBE is not just a further appendage to Darwinism but a 
thoroughly disruptive reconceptualization. Specifically, it argues that evolution is an 
informational interactome based on self-referential cellular dynamics and not a direct 
result of natural selection or gene frequencies. 

Renaissance artists used compositional chiaroscuro to create an intense, dramatic 
light in their canvases, heightening their emotional tension. Originated by Leonardo 
Da Vinci in the late 15th century, these powerful effects were exemplified in the 
works of Caravaggio with their arresting contrasts between light and shadow. 
Although superficial viewing of one of these paintings suggests that the details are 
singularly focused within the brilliantly highlighted features of the figures, close 
inspection of any of these canvases reveals that these master artists paid meticulous 
attention to every aspect of the shadows. They instinctively understood that the 
complexity of the shadows required their intense concentration since they were 
as consequential to the whole as any intensely illuminated portion. Consequently, 
they filled the large dark shadows with texture, gradation, and variety. In so doing, 
they were fulfilling a neuroesthetic impulse to achieve a specific type of symmetry, 
balance, and complexity (Correa-Herran et al. 2020). Experiments show that if the 
shadow details are graphically eliminated from the image, it is rendered lifeless. By 
analogy and due to both instinct and previous technological limitations, our concepts 
of evolutionary processes have been based on rigorous examination of what had been 
readily accessible in biological light. Now, well armed with fresh scientific evidence 
and technical advances, we can turn our methodical scrutiny to the rich details in 
biology’s former shadows. 

Indeed, the explicit focal difference between Neodarwinism and Cognition-Based 
Evolution is the gap between that metaphorical light and shadow, the seen and the 
unseen, the conspicuous macroorganic reproductive organisms, and the microscopic 
world of cells and microbes. Until recently, and unlike its brethren 21st century 
counterpart sciences such as chemistry or physics, biology was based primarily 
on field observations rather than laboratory experimentation. As an observational 
and descriptive field, evolutionary biology and evolutionary ecology have largely 
concentrated on the macroscopic form. Naturally, this scrutiny drove evolutionary 
theory to accommodate and rationalize those ready, limited observations. Although 
the microscope had been invented by the early 1600s, few evolutionary biologists 
in the prior century paid great attention to the microscopic sphere, their means of 
communication, or their immunological rules. These were of little interest compared 
to the intriguing world of our dazzling, visible plants and animals. The shadowed 
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microscopic details received much less scrutiny. Now, in our contemporary era, 
both the microscopic and macroorganic sides can be fully honored. Accordingly, 
evolutionary biology can be productively reappraised as a complex holobionic 
entanglement, perpetually and faithfully rooted within its cellular origins across 
planetary evolution (Miller 2013, 2016a, Miller and Torday 2018, Miller et al. 2020a). 

From this new ground state, a cohesive integrated evolutionary path emerges, 
connecting the primoridal unicellular forms to the complexities of multicellular 
life. Through this means, some long-contested questions are settled. Does evolution 
have any identifiable direction? Are there any exact principles of evolution akin 
to physical laws? If not, are there cellular rules that can be identified that permit 
useful prediction of biological outcomes? Is creativity exclusive to humankind, or is 
it evident at all living scales? Is natural selection the true shaping force in evolution 
as its ultimate causation? If not, what else is driving biological outcomes? Is it true 
that our evolutionary narrative reduces to gene frequencies as population geneticists 
contend, or do other factors have paramountcy? This volume with address each of 
those dilemmas. 

As is always the case, fresh questions naturally derive from within those answers. 
For example, what are the contextual behaviors of the constituent cells within those 
tissue ecologies that comprise us as holobionts? Why do multicellular eukaryotes 
engage in an obligatory recapitulation through a unicellular stage? Why is there a 
continued assumption that the microbial fraction of a holobiont is little more than a 
consequential appendage instead of an essential participant (Miller 2016a, Corning 
and Szathmáry 2015, Theis et al. 2016)? Most pertinently, why has the role of 
universal basal cognition in biological development been previously ignored by most 
biologists? 

Beyond these readily apparent questions, CBE stimulates several unique queries 
that have been overlooked in prior considerations of evolutionary development. 
First, ‘Who is the observer and who is a participant?’ The other, ‘Who is serving 
and who is being served?’ (Torday and Miller 2016). These two lead to the most 
essential question in biology that is only conceivable within a cognitive framework 
that energizes cooperative engineering between the cellular domains and the virome: 
‘Whose problems are being solved?’ 

One of the reasons that these have not been previously explored is that some of the 
answers do not fit earlier preconceived notions of biological hierarchies. Indeed, as 
will be explained, we are not the unambivalent aim of evolutionary development on 
the planet. Instead, evidence indicates that the only continuous direction in evolution 
is the consistent perpetuation of the four elemental domains, comprised by three 
cellular domains (Prokaryota, Archaea, Eukaryota), and the virome that functions 
as its flexible intermediary (Miller and Torday 2018). These primordial forms of 
life, and only these, have exerted permanent collective dominion over the planet 
for billions of years. All the stunning forms of visible life that engross us are their 
aggregates. Necessarily, then, the essential cellular constituents of each of those 
creatures represent the central action of life on the planet. 

In comparison, the macroorganic species that rivet our attention are transient 
planetary occupants. Mounting evidence supports the disquieting conclusion that 
the visible organisms that form the light of biology to our keen but superficial 
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appraisal are largely subordinate to our invisible co-partners in the realm of shadows. 
Disconcerting as it might seem, the unicellular world achieves its continuous 
protection and permanent planetary place through us. Once this is grasped, an 
in-depth reappraisal of evolution is justified based on self-referential cellular requisites 
and the collective, collaborative, and competitive behaviors that are its consequence. 
The pertinent details lie in their efficient patterns of cell-cell communication and the 
intricacies of the informational matrix that permits their conjoint action (Torday and 
Rehan 2012, Miller 2018, Miller et al. 2020b). 

Neodarwinism has dominated evolution over the last half-century, melding 
natural selection with an early, limited grasp of genetics. Random genetic variations, 
the absolute primacy of natural selection, and the presumption that the macroorganic 
reproductive unit represents the obvious target of selection are its principle tenets. 
Yet, each of these is now known to be incorrect. Consequently, evolution and 
biological development can now undergo a comprehensive re-evaluation based on 
the specific qualities of cognition that trigger cell-cell signaling of shared information 
among reciprocating, receptive cells. From within this new, compelling framework, 
a fresh universal synthesis emerges. Correctly centering evolutionary biology within 
cellular cognition places it squarely within the realm of measurement. At long last, 
evolutionary biology is propelled beyond descriptive associations and correlations 
into the realm of testable predictions subject to refutation. It is only in this way that 
biology can meet Popper’s Falsification Principle—for a theory to be considered 
scientific, it must be testable so that it might be proved false (Helfenbien and DeSalle 
2005). 

Achieving this goal rests on scientific advances in microbiology, metagenomics, 
molecular biology, ecology, and immunology. All of these fields have dramatically 
progressed in the last decades. Prior to CBE, evolutionary biology had yet to fully 
incorporate them. Based on accumulated advances across the scientific spectrum, a 
surprising central principle of life has been uncovered. The universal bond of cellular 
life is the protection of the self-integrity of the collaborating participants (Miller et 
al. 2019). Cells have learned that there is a common currency of life. Survival is best 
attained by being in service to others. 

It is part of human nature that what we see is often based on inherent presumptions. 
As John Lubbock, the British naturalist, keenly observed: “What we see depends 
mainly on what we look for”. Consequently, generations of scholars have attributed 
evolutionary development to natural selection and presumed that it could shape 
random genetic variations if given enough time. This is evolution by accident. In 
its stead, Cognition-Based Evolution offers an unreservedly different perspective. 
Biological and evolutionary development is bound by the shared cognitive awareness 
of the three cellular domains and their resulting patterns of co-engineering with their 
companion virome, enjoined in a continuous, common planetary narrative for over 
3.8 billion years. As the physician and scientist Jon Lieff (2020) elegantly concludes 
in ‘The Secret Language of cells’, “Although cells are considered the most basic 
characteristic that defines life, it is actually the conversations among cells, and also 
the conversations that take place inside them, that determines biological activity 
and produces the essence of life”. That communication has one perpetual aim—to 
protect the integrity of self-aware cells. To succeed, cells are equipped to sense and 
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assess environmental information to permit their own self-directed and intelligence-
based non-random adaptations. With this as the common cellular nomenclature, 
CBE unmoors evolution from its observational and descriptive roots and refashions 
biology into the scientific study of the cellular measurement of information and its 
productive communication. Consequently, the primary focus of biology shifts from 
cataloging what can be seen and counted with our eyes to the precise measurement 
of cellular dynamics at the microscopic scale. 

CBE answers many confounding questions that have bedeviled evolutionary 
biology for over 150 years. Yet, undoubtedly, and in requisite scientific symmetry, 
the resolution of old riddles bindingly equates with the birth of parallel unknowns. 
And each of these fresh puzzles will stimulate its own dogged and creative inquiries, 
fathomed through pioneering and unconventional solutions that will serve to reveal 
the next set of mysteries. 

“Discovery follows discovery. Each both raising and answering questions, 
each ending a long search and each providing the new instruments for a 
new search”. 

—Robert Oppenheimer, physicist 
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Bermejo, M. , Rodríguez-Teijeiro, J.D. , Illera, G. , Barroso, A. , Vilà, C. and Walsh, P.D. 2006.
Ebola Outbreak Killed 5000 Gorillas. Science 314(5805): 1564. 
Bianchine, P.J. and Russo, T.A. 1992. The Role of Epidemic Infectious Diseases in the
Discovery of America. Allergy and Asthma Proceedings 13(5): 225–232. 
Blehert, D.S. , Hicks, A.C. , Behr, M. , Meteyer, C.U. , Berlowski-Zier, B.M. , Buckles, E.L. , …
Stone, W.B. . 2009. Bat White-Nose Syndrome: An Emerging Fungal Pathogen? Science
323(5911): 227. 
Brusatte, S.L. , Butler, R.J. , Barrett, P.M. , Carrano, M.T. , Evans, D.C. , Lloyd, G.T. , …
Williamson, T.E. 2015. The extinction of the dinosaurs. Biological Reviews 90(2): 628–642. 
Congreve, C.R. , Falk, A.R. and Lamsdell, J.C. 2018. Biological hierarchies and the nature of
extinction. Biological Reviews 93(2): 811–826. 
Cowie, R.H. , Bouchet, P. and Fontaine, B. 2022. The Sixth Mass Extinction: fact, fiction or
speculation? Biological Reviews 97(2): 640–663. 
Coyne, J.A. and Orr, H.A. 2004. Speciation. Sunderland, MA: Sinauer Associates. 
Diamond, J. 1997. Guns, Germs, and Steel: The Fates of Human Societies. New York: W.W.
Norton & Company. 
Erwin, D.H. 2006. How life on earth nearly ended 250 million years ago. Princeton, New Jersey:
Princeton University Press. 
Friedman, A. and Yakubu, A.-A. 2012. Fatal disease and demographic Allee effect: population
persistence and extinction. Journal of Biological Dynamics 6(2): 495–508.



Fritts, T.H. and Rodda, G.H. 1998. The Role Of Introduced Species In: The Degradation Of
Island Ecosystems: A Case History Of Guam. Annual Review of Ecology and Systematics
29(1): 113–140. 
Jaffe, A.C. 2011. Failure to Thrive: Current Clinical Concepts. Pediatrics in Review 32(3):
100–108. 
Keller, G. , Abramovich, S. , Berner, Z. and Adatte, T. 2009. Biotic effects of the Chicxulub
impact, K–T catastrophe and sea level change in Texas. Palaeogeography, Palaeoclimatology,
Palaeoecology 271(1–2): 52–68. 
Kerr, P.J. and Best, S.M. 1998. Myxoma virus in rabbits. Revue Scientifique et Technique de
l’OIE 17(1): 256–268. 
Kirschner, M.W. and Gerhart, J.C. 2005. The Plausibility of Life: Resolving Darwin’s Dilemma.
New Haven: Yale University Press. 
Lamkin, M. and Miller, A.I. 2016. On the Challenge of Comparing Contemporary and Deep-Time
Biological-Extinction Rates. BioScience 66(9): 785–789. 
Larson-Nath, C. and Biank, V.F. 2016. Clinical Review of Failure to Thrive in Pediatric Patients.
Pediatric Annals, 45(2). 
Lawton, J.H. and May, R.M. . (eds.). (1995). Extinction rates (Vol. 11). Oxford: Oxford University
Press. 
MacPhee, R.D.E. and Marx, P.A. 1997. The 40,000-Year Plague: Humans, Hyperdisease, and
First-Contact Extinctions. pp. 169–217. In: S.M. Goodman and B.D. Patterson (eds.). Natural
Change and Human Impact in Madagascar. Washington D.C.: Smithsonian Institution Scholarly
Press. 
MacPhee, R.D.E. and Marxs, P.A. 1998. Lightning Strikes Twice: Blitzkrieg, Hyperdisease, and
Global Explanations of the Late Quaternary Catastrophic Extinctions. American Museum of
Natural History. 
Martini, M. , Gazzaniga, V. , Bragazzi, N.L. and Barberis, I. 2019. The Spanish Influenza
Pandemic: A lesson from history 100 years after 1918. Journal of Preventive Medicine and
Hygiene 60(1): E64–E67. 
McEwen, G.K. , Alquezar-Planas, D.E. , Dayaram, A. , Gillett, A. , Tarlinton, R. , Mongan, N. , …
Greenwood, A.D. 2021 Retroviral integrations contribute to elevated host cancer rates during
germline invasion. Nature Communications 12(1): 1316. 
Miller, W.B. 2013. The Microcosm Within: Evolution and Extinction in the Hologenome. Boca
Raton, Florida, United States: Universal Publishers. 
Monastersky, R. 1999. The Killing Fields. Science News, 156(23): 360–361. 
Perlman, S.J. and Jaenike, J. 2003. Infection Success In Novel Hosts: An Experimental And
Phylogenetic Study of Drosophila-Parasitic Nematodes. Evolution 57(3): 544–557. 
Poinar Jr., G. and Poinar, R. 2007. What Bugged the Dinosaurs?: Insects, Disease,and Death
in the Cretaceous (Illustrate). Princeton: Princeton University Press. 
Racki, G. 2015. Catastrophism And Neocatastrophism Versus Cosmic Hazard: Ager Versus
Alvarez; Cuvier Versus Laplace. Palaios 30(6): 443–445. 
Raup, D.M. 1991. A kill curve for Phanerozoic marine species. Paleobiology 17(1): 37–48. 
Raup, D.M. 1992. Extinction: Bad Genes or Bad Luck? New York City, Ny, USA: WW Norton &
Company. 
Renne, P.R. , Deino, A.L. , Hilgen, F.J. , Kuiper, K.F. , Mark, D.F. , Mitchell, W.S. , … Smit, J.
2013. Time Scales of Critical Events Around the Cretaceous-Paleogene Boundary. Science
339(6120): 684–687. 
Sarkesh, A. , Sorkhabi, A.D. , Ahmadi, H. , Abdolmohammadi-Vahid, S. , Parhizkar, F. , Yousefi,
M. and Aghebati-Maleki, L. 2022. Allogeneic lymphocytes immunotherapy in female infertility:
Lessons learned and the road ahead. Life Sciences 299: 120503. 
Schommer, T.J. and Woolever, M.M. 2008. A review of disease related conflicts between
domestic sheep and goats and bighorn sheep. Gen. Tech. Rep. RMRS-GTR-209 Fort Collins,
CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station. 
Shapiro, J.A. 2011. Evolution: A View from the 21st Century. Upper Saddle River, NJ: FT Press. 
Simmons, G. , Young, P. , Hanger, J. , Jones, K. , Clarke, D. , McKee, J. and Meers, J. 2012.
Prevalence of koala retrovirus in geographically diverse populations in Australia. Australian
Veterinary Journal, 90(10): 404–409. 
Spraker, T.R. , Hibler, C.P. , Schoonveld, G.G. and Adney, W.S. 1984. Pathologic Changes and
Microorganisms Found In Bighorn Sheep During A Stress-Related Die-Off. Journal of Wildlife



Diseases 20(4): 319–327. 
Thogmartin, W.E. , Sanders-Reed, C.A. , Szymanski, J.A. , McKann, P.C. , Pruitt, L. , King, R.A.
, … Russell, R.E. 2013. White-nose syndrome is likely to extirpate the endangered Indiana bat
over large parts of its range. Biological Conservation 160: 162–172. 
Thornton, R. 1987. American Indian Holocaust and Survival: A Population History since 1492.
Norman, Oklahoma: University of Oklahoma Press. 
Van Valen, L. 1973. A new evolutionary law. Evolution Theory 1: 1–30. 
Venzon, M. , Das, R. , Luciano, D.J. , Burnett, J. , Park, H.S. , Devlin, J.C. , … Cadwell, K.
2022. Microbial byproducts determine reproductive fitness of free-living and parasitic
nematodes. Cell Host & Microbe 30(6): 786–797.e8. 
Wake, D.B. 2012. Facing Extinction in Real Time. Science 335(6072): 1052–1053. 
Werren, J.H. 2003. Invasion of the Gender Benders: by manipulating sex and reproduction in
their hosts, many parasites improve their own odds of survival and may shape the evolution of
sex itself. Natural History 112(1): 58. 
Wiens, D. , Allphin, L. , Wall, M. , Slaton, M.R. and Davis, S.D. 2012. Population decline in
Adenostoma sparsifolium (Rosaceae): an ecogenetic hypothesis for background extinction‡.
Biological Journal of the Linnean Society 105(2): 269–292. 
Wiens, D. , Sweet, T. and Worsley, T. 2020. Validating the New Paradigm for Extinction:
Overcoming 200 Years of Historical Neglect, Philosophical Misconception, and Inadequate
Language. The Quarterly Review of Biology 95(2): 109–124. 
Wiens, D. and Worsley, T. 2016. Reproductive failure: a new paradigm for extinction. Biological
Journal of the Linnean Society 119(4): 1096–1102. 
Willis, K.J. and Bennett, K.D. 1995. Mass extinction, punctuated equilibrium and the fossil plant
record. Trends in Ecology & Evolution 10(8): 308–309. 
Wolff, E.D.S. , Salisbury, S.W. , Horner, J.R. and Varricchio, D.J. 2009. Common Avian
Infection Plagued the Tyrant Dinosaurs. PLoS ONE 4(9): e7288. 
Wyatt, K.B. , Campos, P.F. , Gilbert, M.T.P. , Kolokotronis, S.-O. , Hynes, W.H. , DeSalle, R. ,
… Greenwood, A.D. 2008. Historical Mammal Extinction on Christmas Island (Indian Ocean)
Correlates with Introduced Infectious Disease. PLoS ONE 3(11): e3602. 

 
Old Controversies Revisited Where is the Cusp of Creativity? 
Agnati, L.F. , Baluška, F. , Barlow, P.W. and Guidolin, D. 2009. Mosaic, self-similarity logic and
biological attraction principles. Communicative & Integrative Biology 2(6): 552-563. 
Avery, M.E. and Mead, J. 1959. Surface Properties in Relation to Atelectasis and Hyaline
Membrane Disease. Archives of Pediatrics & Adolescent Medicine 97(5 PART I): 517-523. 
Bak, P. , Tang, C. and Wiesenfeld, K. 1987. Self-organized criticality: An explanation of the 1/f
noise. Physical Review Letters 59(4): 381-384. 
Baluška, F. and Lyons, S. 2018a. Energide-cell body as smallest unit of eukaryotic life. Annals
of Botany 122(5): 741-745. 
Baluška, F. and Lyons, S. 2018b. Symbiotic Origin of Eukaryotic Nucleus: From Cell Body to
Neo-Energide. pp. 39-66. In: V.P. Sahi and F. Baluška (eds.). Concepts in Cell Biology-History
and Evolution. Cham, Switzerland: Springer. 
Baluška, F. , Miller, W.B. and Reber, A.S. 2021. Biomolecular Basis of Cellular Consciousness
via Subcellular Nanobrains. International Journal of Molecular Sciences 22(5): 2545. 
Cabin, Z. , Derieg, N.J. , Garton, A. , Ngo, T. , Quezada, A. , Gasseholm, C. , ... Hodges, S.A.
2022. Non-pollinator selection for a floral homeotic mutant conferring loss of nectar reward in
Aquilegia coerulea. Current Biology 32(6): 1332-1341.e5. 
Chen, H. , Lin, F. , Xing, K. and He, X. 2015. The reverse evolution from multicellularity to
unicellularity during carcinogenesis. Nature Communications 6(1): 1-10. 
Collins, S. , Boyd, P.W. and Doblin, M.A. 2020. Evolution, Microbes, and Changing Ocean
Conditions. Annual Review of Marine Science 12: 181-208. 
Daniels, C.B. and Orgeig, S. 2003. Pulmonary Surfactant: The Key to the Evolution of Air
Breathing. Physiology 18(4): 151-157. 



Dixit, P.D. , Pang, T.Y. and Maslov, S. 2017. Recombination-Driven Genome Evolution and
Stability of Bacterial Species. Genetics 207(1): 281-295. 
Dollo, L. 1893. The Laws of Evolution. Extract from the Bulletin de La Societe Belge de
Geologic de Paléontologic & D’Hydrologie 7: 164-166. 
Fontenele, A.J. , de Vasconcelos, N.A.P. , Feliciano, T. , Aguiar, L.A.A. , Soares-Cunha, C. ,
Coimbra, B. , Copelli, M. 2019. Criticality between Cortical States. Physical Review Letters
122(20): 208101. 
Forni, G. , Martelossi, J. , Valero, P. , Hennemann, F.H. , Conle, O. , Luchetti, A. and
Mantovani, B. 2021. Macroevolutionary Analyses Provide New Evidence of Phasmid Wings
Evolution as a Reversible Process. Systematic Biology. 
Fosque, L.J. , Williams-García, R.V. , Beggs, J.M. and Ortiz, G. 2021. Evidence for Quasicritical
Brain Dynamics. Physical Review Letters 126(9): 098101. 
Freed, L.A. , Medeiros, M.C.I. and Cann, R.L. 2016. Multiple Reversals of Bill Length over 1.7
Million Years in a Hawaiian Bird Lineage. The American Naturalist 187(3): 363-371. 
Futuyma, D.J. 2010. Evolutionary Constraint And Ecological Consequences. Evolution:
International Journal of Organic Evolution 64(7): 1865-1884. 
Gould, S.J. 1977. The Return of Hopeful Monsters. Natural History 86(June/July): 22-30. 
Gould, S.J. and Eldredge, N. 1972. Punctuated equilibria: an alternative to phyletic gradualism.
Models in paleobiology 1972: 82-115. 
Graham, T.A. and Sottoriva, A. 2017. Measuring cancer evolution from the genome. The
Journal of Pathology 241(2): 183-191. 
Guex, J. 2016. Retrograde Evolution During Major Extinction Crises. Heidelberg: Springer. 
Guex, J. , S. Torday , J. Miller and Miller, W.B. (eds.). 2020. Morphogenesis, Environmental
Stress and Reverse Evolution. Cham: Springer. 
Gunnell, G.F. and Simmons, N.B. 2005. Fossil Evidence and the Origin of Bats. Journal of
Mammalian Evolution 12(1-2): 209-246. 
Hankey, A. 2018. A Mathematical Model of Free Will Based on Experience Information in a
Quantum Universe. pp. 549-556. In: Unified Field Mechanics II: Formulations and Empirical
Tests. World Scientific. 
Heasley, L.R. , Sampaio, N.M.V. and Argueso, J.L. 2021. Systemic and rapid restructuring of
the genome: a new perspective on punctuated equilibrium. Current Genetics 67(1): 57-63. 
Hendry, A.P. 2016. Key Questions on the Role of Phenotypic Plasticity in Eco-Evolutionary
Dynamics. Journal of Heredity 107(1): 25-41. 
Hodgkin, J. 1998. Seven types of pleiotropy. The International Journal of Developmental
Biology 42(3): 501-505. 
Irie, N. and Kuratani, S. 2011. Comparative transcriptome analysis reveals vertebrate phylotypic
period during organogenesis. Nature Communications 2(248). 
Jacobs, D.K. , Hughes, N.C. , Fitz-Gibbon, S.T. and Winchell, C.J. 2005. Terminal addition, the
Cambrian radiation and the Phanerozoic evolution of bilaterian form. Evolution & Development
7(6): 498-514. 
Jacob, F. 1977. Evolution and Tinkering. Science 196(4295): 1161-1166. 
Jiggins, F.M. and Hurst, G.D.D. 2011. Rapid Insect Evolution by Symbiont Transfer. Science
332(6026): 185-186. 
Kriegman, S. , Cheney, N. and Bongard, J. 2018. How morphological development can guide
evolution. Scientific Reports 8: 13934. 
Lenski, R.E. and Travisano, M. 1994. Dynamics of adaptation and diversification: a 10,000-
generation experiment with bacterial populations. Proceedings of the National Academy of
Sciences 91(15): 6808-6814. 
Levit, G.S. , HoBfeld, U. , Naumann, B. , Lukas, P. and Olsson, L. 2022. The biogenetic law and
the Gastraea theory: From Ernst Haeckel’s discoveries to contemporary views. Journal of
Experimental Zoology Part B: Molecular and Developmental Evolution 338(1-2): 13-27. 
Lockwood, J.A. 2005. Locust: The Devastating Rise and Mysterious Disappearance of the
Insect that Shaped the American Frontier. New York: Basic Books. 
Margulis, L. 1971. Symbiosis and Evolution. Scientific American 225(2): 48-57. 
Matsuno, K. 2017. From quantum measurement to biology via retrocausality. Progress in
Biophysics and Molecular Biology 131: 131-140. 
McClintock, B. 1984. The Significance of Responses of the Genome to Challenge. Science
226(4676): 792-801.



Miller, W.B. 2013. The Microcosm Within: Evolution and Extinction in the Hologenome. Boca
Raton, Florida, United States: Universal Publishers. 
Miller, W.B. 2016. Cognition, Information Fields and Hologenomic Entanglement: Evolution in
Light and Shadow. Biology 5(2): 21. 
Miller, W.B. 2018. Biological information systems: Evolution as cognition-based information
management. Progress in Biophysics and Molecular Biology 134: 1-26. 
Miller, W.B. , Baluška, F. and Torday, J.S. 2020a. Cellular senomic measurements in Cognition-
Based Evolution. Progress in Biophysics and Molecular Biology 156: 20-33. 
Miller, W.B. and Torday, J. S. 2018. Four domains: The fundamental unicell and Post-Darwinian
Cognition-Based Evolution. Progress in Biophysics and Molecular Biology 140: 49-73. 
Miller, W.B. , Torday, J.S. and Baluška, F. 2020b. The N-space Episenome unifies cellular
information space-time within cognition-based evolution. Progress in Biophysics and Molecular
Biology 150: 112-139. 
Murren, C.J. , Auld, J.R. , Callahan, H. , Ghalambor, C.K. , Handelsman, C.A. , Heskel, M.A. , ...
Schlichting, C.D. 2015. Constraints on the evolution of phenotypic plasticity: limits and costs of
phenotype and plasticity. Heredity 115(4): 293-301. 
Noble, D. 2021. Cellular Darwinism: Regulatory networks, stochasticity, and selection in cancer
development. Progress in Biophysics and Molecular Biology 165: 66-71. 
Olsson, L. , Levit, G.S. and Hoβfeld, U. 2017. The “Biogenetic Law” in zoology: from Ernst
Haeckel’s formulation to current approaches. Theory in Biosciences 136(1-2): 19-29. 
Ozment, E. , Tamvacakis, A.N. , Zhou, J. , Rosiles-Loeza, P.Y. , Escobar-Hernandez, E.E. ,
Fernandez-Valverde, S.L. and Nakanishi, N. 2021. Cnidarian hair cell development illuminates
an ancient role for the class IV POU transcription factor in defining mechanoreceptor identity.
ELife, 10. 
Recknagel, H. , Kamenos, N.A. and Elmer, K.R. 2018. Common lizards break Dollo’s law of
irreversibility: Genome-wide phylogenomics support a single origin of viviparity and re-evolution
of oviparity. Molecular Phylogenetics and Evolution 127: 579-588. 
Romer, A.S. 1949. The Vertebrate Story. Chicago: University of Chicago Press. 
Ryckman, L.L. 1999. The Great Locust Mystery. Rocky Mountain News. Archived from the
Original on February 28,2007. 
Schneider, R.F. and Meyer, A. 2017. How plasticity, genetic assimilation and cryptic genetic
variation may contribute to adaptive radiations. Molecular Ecology 26(1): 330-350. 
Shakbnovich, B.E. and Koonin, E.V. 2006. Origins and impact of constraints in evolution of
gene families. Genome Research 16(12): 1529-1536. 
Shapiro, J.A. 2022. What we have learned about evolutionary genome change in the past 7
decades. Biosystems 215-216: 104669. 
Shapiro, J.A. 2011. Evolution: A View from the 21st Century. Upper Saddle River, NJ: FT Press. 
Stebbins Jr., G.L. 1951. Cataclysmic Evolution. Scientific American 184(4): 54-59. 
Thisse, B. and Thisse, C. 2015. Formation of the vertebrate embryo: Moving beyond the
Spemann organizer. Seminars in Cell & Developmental Biology 42: 94-102. 
Torday, J. 2016. The Cell as the First Niche Construction. Biology 5(2): 19. 
Torday, J. and Miller, W. 2016a. Phenotype as Agent for Epigenetic Inheritance. Biology 5(3):
30. 
Torday, J.S. and Miller, W.B. 2016b. The Unicellular State as a Point Source in a Quantum
Biological System. Biology 5(2): 25. 
Torday, J.S. and Miller, W.B. 2018a. Terminal addition in a cellular world. Progress in
Biophysics and Molecular Biology 135: 1-10. 
Torday, J.S. and Miller, W.B. 2018b. A systems approach to physiologic evolution: From
micelles to consciousness. Journal of Cellular Physiology 233(1): 162-167. 
Torday, J.S. and Miller, Jr, W.B. 2018c. Unitary Physiology. Comprehensive Physiology 8(2):
761-771. 
Torday, J. and Miller, W. 2020a. Cellular-Molecular Mechanisms in Epigenetic Evolutionary
Biology. Cham, Switzerland: Springer. 
Torday, J.S. and Miller Jr., W.B. 2020b. The Singularity of Nature: A Convergence of Biology,
Chemistry and Physics. United Kingdom: Royal Society of Chemistry. 
Torday, J.S. and Rehan, V. K. 2002. Mechanotransduction Determines the Structure and
Function of Lung and Bone : A Theoretical Model for the Pathophysiology of Chronic Disease.
Cell Biochemistry and Biophysics 37(3): 235-246.



Torday, J.S. and Rehan, V.K. 2007. The evolutionary continuum from lung development to
homeostasis and repair. American Journal of Physiology-Lung Cellular and Molecular
Physiology 292(3): L608-L611. 
Torday, J.S. and Rehan, V.K. 2011. A Cell-Molecular Approach Predicts Vertebrate Evolution.
Molecular Biology and Evolution 28(11): 2973-2981. 
Wagner, A.M. 2008. Grasshoppered: America’s Response to the 1874 Rocky Mountain Locust
Invasion. Nebraska History 89: 154-167. 

 
The Primacy of Cellular Consciousness 
Annunziata, R. , Mele, B.H. , Marotta, P. , Volpe, M. , Entrambasaguas, L. , Mager, S. , ...
Ferrante, M.I. 2022. Trade-off between sex and growth in diatoms: Molecular mechanisms and
demographic implications. Science Advances 8(3). 
Baluška, F. and Miller, Jr, W.B. 2018. Senomic view of the cell: Senome versus Genome.
Communicative & Integrative Biology 11(3): 1-9. 
Baluška, F. , Miller, W.B. and Reber, A.S. 2021. Biomolecular Basis of Cellular Consciousness
via Subcellular Nanobrains. International Journal of Molecular Sciences 22(5): 2545. 
Baluška, F. , Miller, W.B. and Reber, A.S. 2022. Cellular and evolutionary perspectives on
organismal cognition: from unicellular to multicellular organisms. Biological Journal of the
Linnean Society (blac005). 
Baluška, F. and Reber, A. 2019. Sentience and Consciousness in Single Cells: How the First
Minds Emerged in Unicellular Species. BioEssays 41(3): 1800229. 
Baluška, F. and Reber, A.S. 2021. The Biomolecular Basis for Plant and Animal Sentience:
Senomic and Ephaptic Principles of Cellular Consciousness. Journal of Consciousness Studies
28(1-2): 31-49. 
Baluška, F. , Reber, A.S. and Miller, W.B. 2022. Cellular sentience as the primary source of
biological order and evolution. Biosystems 218: 104694. 
Boly, M. , Seth, A.K. , Wilke, M. , Ingmundson, P. , Baars, B. , Laureys, S. , ... Tsuchiya, N.
2013. Consciousness in humans and non-human animals: recent advances and future
directions. Frontiers in Psychology 4(625). 
Cárdenas-García, J.F. 2020. The Process of Info-Autopoiesis -the Source of all Information. B
osem ot cs 13(2): 199-221. 
Chalmers, D.D. 1995. Facing Up to the Problem of Consciousness. Journal of Consciousness
Studies 2(3): 200-219. 
Constant, A. , Ramstead, M.J.D. , Veissiere, S.P.L. , Campbell, J.O. and Friston, K.J. 2018. A
variational approach to niche construction. Journal of The Royal Society Interface 15(141):
20170685. 
Cooke, J.E. 2021. What Is Consciousness? Integrated Information vs. Inference. Entropy 23(8):
1032. 
Darwin, C. 2008. The Descent of Man, and Selection in Relation to Sex. Princeton, New Jersey,
USA: Princeton University Press. 
Fields, C. , Glazebrook, J.F. and Levin, M. 2021. Minimal physicalism as a scale-free substrate
for cognition and consciousness. Neuroscience of Consciousness 2021(2): niab013. 
Fitch, W.T. 2008. Nano-intentionality: a defense of intrinsic intentionality. Biology & Philosophy
23(2): 157-177. 
Friston, K. 2017. The mathematics of mind-time. Aeon magazine. 
Friston, K. , Kilner, J. and Harrison, L. 2006. A free energy principle for the brain. Journal of
Physiology-Paris 100(1-3): 70-87. 
Friston, K. , Mattout, J. and Kilner, J. 2011. Action understanding and active inference.
Biological Cybernetics 104(1-2): 137-160. 
Fuchs, T. 2012. Feelings of Being Alive. pp. 149-165. In: J. Fingerhut and S. Marienberg (eds.).
Feelings of being Alive. Berlin, Germany: De Gruyter. 
Hodassman, S. , Meir, Y. , Kisos, K. , Ben-Noam, I. , Tugendhaft, Y. , Goldental, A. , ... and
Kanter, I . 2022. Brain inspired neuronal silencing mechanism to enable reliable sequence
identification. Scientific Reports 12: 16003.



Hameroff, S. 2007. Orchestrated Reduction of Quantum Coherence in Brain Microtubules: A
Model for Consciousness. NeuroQuantology 5(1). 
Klein, C. and Barron, A.B. 2016. Insects have the capacity for subjective experience. Animal
Sentience 1(9). 
Lieff, J. 2020. The Secret Language of Cells: What Biological Conversations Tell Us About the
Brain-Body Connection, the Future of Medicine, and Life Itself. Texas: Ben Bella Books. 
Marshall, P. 2021. Biology transcends the limits of computation. Progress in Biophysics and
Molecular Biology 165: 88-101. 
Mashour, G.A. and Andre, M.T. 2013. Evolution of consciousness: Phylogeny, ontogeny, and
emergence from general anesthesia. Proceedings of the National Academy of Sciences
110(supplement 2): 10357-10364. 
Miller, W.B. 2016. Cognition, Information Fields and Hologenom c Entanglement: Evolution in
Light and Shadow. Biology 5(2): 21. 
Miller, W.B. 2018. Biological information systems: Evolution as cognition-based information
management. Progress in Biophysics and Molecular Biology 134: 1-26. 
Miller, W.B. , Baluška, F. and Torday, J.S. 2020b. Cellular Senomic Measurements in
Cognition-Based Evolution. Progress in Biophysics and Molecular Biology 156: 20-33. 
Miller, W.B. , Torday, J.S. and Baluška, F. 2019. Biological evolution as defense of “self”.
Progress in Biophysics and Molecular Biology 142: 54-74. 
Miller, W.B. , Torday, J.S. and Baluška, F. 2020a. The N-space Episenome unifies cellular
information space-time within cognition-based evolution. Progress in Biophysics and Molecular
Biology 150: 112-139. 
Niikawa, T. , Hayashi, Y. , Shepherd, J. and Sawai, T. 2022. Human Brain Organo ds and
Consciousness. Neuroethics 15(1): 5. 
Oizumi, M. , Albantakis, L. and Tononi, G. 2014. From the Phenomenology to the Mechanisms
of Consciousness: Integrated Information Theory 3.0. PLoS Computational Biology 10(5):
e1003588. 
Reber, A.S. 2019. The First Minds: Caterpillars, Karyotes, and Consciousness (Illustrate). New
York, NY, USA: Oxford University Press. 
Shapiro, J.A. 2011. Evolution: A View from the 21st Century. Upper Saddle River, NJ: FT Press. 
Simeonov, P.L. and Ehresmann, A.C. 2017. Some resonances between Eastern thought and
Integral Biomathics in the framework of the WLIMES formalism for modeling living systems.
Progress in Biophysics and Molecular Biology 131: 193-212. 
Theiner, G. , Allen, C. and Goldstone, R.L. 2010. Recognizing group cognition. Cognitive
Systems Research 11(4): 378-395. 
Tilot, A.K. , Vino, A. , Kucera, K.S. , Carmichael, D.A. , van den Heuvel, L. , den Hoed, J. , ...
Fisher, S. E. (2019). Investigating genetic links between grapheme-colour synaesthesia and
neuropsychiatric traits. Philosophical Transactions of the Royal Society B: Biological Sciences
374(1787): 20190026. 
Timsit, Y. and Grégoire, S.-P. 2021. Towards the Idea of Molecular Brains. International Journal
of Molecular Sciences 22(21): 11868. 
Tollefsen, D.P. 2006. From extended mind to collective mind. Cognitive Systems Research 7(2-
3): 140-150. 
Tononi, G. 2004. An Information Integration Theory of Consciousness. BMC Neuroscience
5(42): 1-22. 
Tononi, G. 2008. Consciousness as Integrated Information: a Provisional Manifesto. The
Biological Bulletin 215(3): 216-242. 
Torday, J. and Miller, W. 2016. Phenotype as Agent for Epigenetic Inheritance. Biology 5(3): 30. 

 
How Might Biology Instruct Physics? 
Akama, K. 2014. A Universal Origin of Information Accumulation in Nature arXiv preprint. ArXiv
1408.6201. 
Baluška, F. , Miller, W.B. and Reber, A.S. 2021. Biomolecular Basis of Cellular Consciousness
via Subcellular Nanobrains. International Journal of Molecular Sciences 22(5): 2545.



Baluška, F. , Reber, A.S. and Miller, W.B. 2022. Cellular sentience as the primary source of
biological order and evolution. Biosystems 218: 104694. 
Bohm, D.J. and Hiley, B.J. 1975. On the intuitive understanding of nonlocality as implied by
quantum theory. Foundations of Physics 5(1): 93-109. 
Cárdenas-García, J.F. 2020. The Process of Info-Autopo es s-the Source of all Information.
Biosemiotics 13(2): 199-221. 
Castelvecchi, D. 2016. People can sense single photons. Nature. 
Chopra, D. and Kafatos, M.C. 2017. You Are the Universe: Discovering Your Cosmic Self and
Why It Matters (Reprint). New York: Harmony. 
Clement, W.C. 1953. Russell’s Structuralist Thesis. The Philosophical Review 62(2): 266. 
De Loof, A. 2017. The evolution of “Life”: A Metadarwinian integrative approach.
Communicative & Integrative Biology 10(3): e1301335. 
Dodig-Crnkovic, G. 2013. Alan Turing’s Legacy: Info-computational Philosophy of Nature. pp.
115-123. In: G. Dodig-Crnkovic and R. Giovagnoli (eds.). Computing Nature. Berlin, Heidelberg:
Springer. 
Eddington, S.A. 1939. The Philosophy of Physical Science: Tamer Lectures (1938). CUP
Archive. Cambridge , UK: Cambridge University Press. 
Fields, C. , Glazebrook, J.F. and Levin, M. 2022. Neurons as hierarchies of quantum reference
frames. Biosystems 219: 104714. 
Fuchs, C.A. 2011. Coming of Age With Quantum Information: Notes on a Paulian Idea.
Cambridge , UK: Cambridge University Press. 
Gefter, A. 2015. A Private View of Quantum Reality. Retrieved from
https://www.quantamagazine.org/quantum-bayes ianism-explained-by-its-founder-20150604/ 
Giacomini, F. , Castro-Ruiz, E. and Brukner, C. 2019. Quantum mechanics and the covariance
of physical laws in quantum reference frames. Nature Communications 10: 494. 
Griffin, D.R. 1985. Bohm And Whitehead On Wholeness, Freedom, Causality, And Time. Zygon
20(2): 165-191. 
Gunji, Y.-P. , Sonoda, K. and Basios, V. 2016. Quantum cognition based on an ambiguous
representation derived from a rough set approximation. Biosystems 141: 55-66. 
Igamberdiev, A.U. and Shklovskiy-Kordi, N.E. 2017. The quantum basis of spatiotemporality in
perception and consciousness. Progress in Biophysics and Molecular Biology 130: 15-25. 
Kafatos, M.C. 2014. Physics and consciousness: quantum measurement, observation and
experience. Frontiers in Consciousness Research 4: 1-14. 
Khrennikov, A. 2007. Can Quantum Information be Processed by Macroscopic Systems?
Quantum Information Processing 6(6): 401-429. 
Kirchhoff, M. , Parr, T. , Palacios, E. , Friston, K. and Kiverstein, J. 2018. The Markov blankets
of life: autonomy, active inference and the free energy principle. Journal of The royal society
interface 15(138): 20170792. 
Lohrey, A. and Boreham, B. 2021. Lifting the veil on Bohm’s holomovement. Communicative &
Integrative Biology 14(1): 221-229. 
Longo, G. and Montévil, M. 2011. From physics to biology by extending criticality and symmetry
breakings. Progress in Biophysics and Molecular Biology 106(2): 340-347. 
Miller, W.B. 2018. Biological information systems: Evolution as cognition-based information
management. Progress in Biophysics and Molecular Biology 134: 1-26. 
Miller, W.B. , Baluška, F. and Torday, J.S. 2020b. Cellular Senomic Measurements in
Cognition-Based Evolution. Progress in Biophysics and Molecular Biology 156: 20-33. 
Miller, W.B. , Baluška, F. and Reber, A.S. 2022. A scale-free universal relational information
matrix (N-space) reconciles the information problem: N-space as the fabric of reality. Submitted. 
Miller, W.B. , Torday, J.S. and Baluška, F. 2019. Biological evolution as defense of “self”.
Progress in Biophysics and Molecular Biology 142: 54-74. 
Miller, W.B. , Torday, J.S. and Baluška, F. 2020a. The N-space Episenome unifies cellular
information space-time within cognition-based evolution. Progress in Biophysics and Molecular
Biology 150: 112-139. 
Nagel, T. 2012. Mind & Cosmos: Why the Materialist Neo-Darwinian Conception of Nature is
Almost Certainly False. Oxford, UK: Oxford University Press. 
Palacios, E.R. , Razi, A. , Parr, T. , Kirchhoff, M. and Friston, K. 2020. On Markov blankets and
hierarchical self-organisation. Journal of Theoretical Biology 486 : 110089.



Rosen, S.M. 2021. The Strange Nature of Quantum Perception: To See a Photon, One Must Be
a Photon. The Institute of Mind and Behavior, Inc. The Journal of Mind and Behavior 42(3 & 4):
229-270. 
Rusu, B. (2011). Whitehead and Green: The Metaphysics of Universal Relatedness.
Chromatikon: Annales de La Philosophic En Proces/Yearbook of Philosophy in Process 7: 169-
201. 
Schroeder, M.J. 2017. The difference that makes a difference for the conceptualization of
information. Multidisciplinary Digital Publishing Institute Proceedings 1(3): 221. 
Seager, W. 2018. The Philosophical and Scientific Metaphysics of David Bohm. Entropy 20(7):
493. 
Stonier, T. 1996. Information as a basic property of the universe. Biosystems 38(2-3): 135-140. 
Torday, J.S. and Miller, W.B. 2018. The Cosmologic continuum from physics to consciousness.
Progress in Biophysics and Molecular Biology 140: 41-48. 
Torday, J. and Miller, W. 2020. Cellular-Molecular Mechanisms in Epigenetic Evolutionary
Biology. Cham, Switzerland: Springer. 
Tozzi, A. and Peters, J.F. 2018. What is it like to be “the same”? Progress in Biophysics and
Molecular Biology 133: 30-35. 
Whitehead, A.N. 1967. Science and the Modern World. New York: Free Press. 
Whitehead, A.N. 1985. Symbolism: Its Meaning and Effect. New York: Fordham University
Press. 
Xin, H. , Sim, W.J. , Namgung, B. , Choi, Y. , Li, B. and Lee, L.P. 2019. Quantum biological
tunnel junction for electron transfer imaging in live cells. Nature Communications 10(1): 3245. 

 
A Separation from the Past 
Adami, C. 2016. What is information? Philosophical Transactions of the Royal Society A:
Mathematical, Physical and Engineering Sciences 374(2063): 20150230. 
Arthur, W. 2004. Biased Embryos and Evolution. Cambridge , UK: Cambridge University Press. 
Baluška, F. 2009. Cell-Cell Channels, Viruses, and Evolution. Annals of the New York Academy
of Sciences 1178(1): 106-119. 
Baluška, F. and Reber, A. 2019. Sentience and Consciousness in Single Cells: How the First
Minds Emerged in Unicellular Species. BioEssays 41(3): 1800229. 
Ben-Jacob, E. 2009. Learning from Bacteria about Natural Information Processing. Annals of
the New York Academy of Sciences 1178(1): 78-90. 
Ben-Jacob, E. and Levine, H. 2006. Self-engineering capabilities of bacteria. Journal of The
Royal Society Interface 3(6): 197-214. 
Berry, R.S. 2019. Three Laws of Nature: A Little Book on Thermodynamics. New Haven: Yale
University Press. 
Blackiston, D. , Lederer, E. , Kriegman, S. , Gamier, S. , Bongard, J. and Levin, M. 2021. A
cellular platform for the development of synthetic living machines. Science Robotics 6(52). 
Corning, P.A. 2020. Beyond the modern synthesis: A framework for a more inclusive biological
synthesis. Progress in Biophysics and Molecular Biology 153: 5-12. 
De Loof, A. (2015). Organic and Cultural Evolution can be Seamlessly Integrated Using the
Principles of Communication and Problem-Solving: The Foundations for an Extended
Evolutionary Synthesis (EES) as Outlined in the Mega-Evolution Concept. Life: The Excitement
of Biology 2(4): 247-269. 
Dreze, M. , Charloteaux, B. , Milstein, S. , Vidalain, P.-O. , Yildirim, M. A. , Zhong, Q. , ... Vidal,
M. 2009. “Edgetic” perturbation of a C. elegans BCL2 ortholog. Nature Methods 6(11): 843-849. 
Ford, B.J. 2004. Are Cells Ingenious? Microscope 52(3/4): 135-144. 
Ford, B.J. 2009. On Intelligence in Cells: The Case for Whole Cell Biology. Interdisciplinary
Science Reviews 34(4): 350-365. 
Ford, B.J. 2017. Cellular intelligence: Microphenomenology and the realities of being. Progress
in Biophysics and Molecular Biology 131: 273-287. 
Futo, M. , Opašić, L. , Koska, S. , Čorak, N. , Široki, T. , Ravikumar, V. , ... Domazet-Lošo, T.
2021. Embryo-Like Features in Developing Bacillus subtilis Biofilms. Molecular Biology and



Evolution 38(1): 31-47. 
Goldenfeld, N. and Woese, C. 2007. Biology’s next revolution. Nature 445(7126): 369-369. 
Goldenfeld, N. and Woese, C. 2011. Life is Physics: Evolution as a Collective Phenomenon Far
From Equilibrium. Annual Review of Condensed Matter Physics 2(1): 375-399. 
Goo, E. , Majerczyk, C.D. , An, J.H. , Chandler, J.R. , Seo, Y.-S. , Ham, H. , ... Hwang, I. 2012.
Bacterial quorum sensing, cooperativity, and anticipation of stationary-phase stress.
Proceedings of the National Academy of Sciences 109(48): 19775-19780.. 
Grover, D. , Chen, J.-Y. , Xie, J. , Li, J. , Changeux, J.-P. and Greenspan, R.J. 2022. Differential
mechanisms underlie trace and delay conditioning in Drosophila. Nature 603(7900): 302-308. 
Hellingwerf, K.J. 2005. Bacterial observations: a rudimentary form of intelligence? Trends in
Microbiology 13(4): 152-158. 
Hoffmeyer, J. 2002. The central dogma: A joke that became real. Semiotica 2002(138): 1-13. 
Igamberdiev, A.U. and Shklovskiy-Kordi, N.E. 2017. The quantum basis of spatiotemporality in
perception and consciousness. Progress in Biophysics and Molecular Biology 130: 15-25. 
Jablonka, E. and Lamb, M.J. 1999. Epigenetic Inheritance and Evolution: The Lamarckian
Dimension. Oxford, UK: Oxford University Press. 
Jablonka, Eva and Lamb, M.J. 2008. The Epigenome In Evolution: Beyond The Modern
Synthesis. Vosgis Herald 12. 
Koonin, E.V. 2009. Darwinian evolution in the light of genom cs. Nucleic Acids Research 37(4):
1011-1034. 
Lamm, E. 2014. The genome as a developmental organ. The Journal of Physiology 592(11):
2283-2293. 
Lewontin, R.C. 1970. The Units of Selection. Annual Review of Ecology and Systematics 1(1):
1-18. 
Miller, W.B. 2013. The Microcosm Within: Evolution and Extinction in the Hologenome. Boca
Raton, Florida, United States: Universal Publishers. 
Miller, W.B. 2016. Cognition, Information Fields and Hologenomic Entanglement: Evolution in
Light and Shadow. Biology 5(2): 21. 
Miller, W.B. 2018. Biological information systems: Evolution as cognition-based information
management. Progress in Biophysics and Molecular Biology 134: 1-26. 
Miller, W.B. , Baluška, F. and Torday, J.S. 2020a. Cellular Senomic Measurements in
Cognition-Based Evolution. Progress in Biophysics and Molecular Biology 156: 20-33. 
Miller, W.B. and Torday, J.S. 2018. The Origins of Biological Deception: Ambiguous Information
and Human Behavior. Minding Nature 11(3). 
Miller, W.B. , Torday, J.S. and Baluška, F. 2019. Biological Evolution as Defense of “Self”.
Progress in Biophysics and Molecular Biology 142: 54-74. 
Miller, W.B. , Torday, J.S. and Baluška, F. 2020b. The N-space Episenome unifies cellular
information space-time within cognition-based evolution. Progress in Biophysics and Molecular
Biology 150: 112-139. 
Noble, D. , Jablonka, E. , Joyner, M.J. , Muller, G.B. and Omholt, S.W. 2014. Evolution evolves:
physiology returns to centre stage. The Journal of Physiology 592(11): 2237-2244. 
Oyama, S. 2000. The Ontogeny of Information: Developmental Systems and Evolution.
Durham, North Carolina: Duke University Press. 
Pigliucci, M. 2007. Do We Need An Extended Evolutionary Synthesis? Evolution 61(12): 2743-
2749. 
Price, M.E. 2017. Entropy and Selection: Life as an Adaptation for Universe Replication.
Complexity 2017: 1-4. 
Reber, A.S. 2019. The First Minds: Caterpillars, Karyotes, and Consciousness (Illustrate). New
York City, NY, USA: Oxford University Press. 
Ryan, F. 2009. Virolution, New York, NY, USA: HarperCollins Publishers. 
Shapiro, J.A. 2009. Revisiting the Central Dogma in the 21st Century. Annals of the New York
Academy of Sciences 1178(1): 6-28. 
Shapiro, J.A. 2011. Evolution: A View from the 21st Century. Upper Saddle River, NJ: FT Press. 
Shapiro, J. 2017. Living Organisms Author Their Read-Write Genomes in Evolution. Biology
6(4): 42. 
Stencel, A. and Crespi, B. 2013. What is a genome? Molecular Ecology 22(13): 3437-3443. 



Tagkopoulos, I. , Liu, Y.-C. and Tavazoie, S. 2008. Predictive Behavior Within Microbial Genetic
Networks. Science 320(5881): 1313-1317. 
Tauber, A.I. 2000. Moving beyond the immune self? Seminars in Immunology 12(3): 241-248. 
Torday, J.S. 2015. A Central Theory of Biology. Medical Hypotheses 85(1): 49-57. 
Torday, J. and Miller, W. 2016. The Unicellular State as a Point Source in a Quantum Biological
System. Biology 5(2): 25. 
Torday, J. and Miller, W. 2020. Cellular-Molecular Mechanisms in Epigenetic Evolutionary
Biology. Cham, Switzerland: Springer. 
Torday, J.S. and Rehan, V.K. 2012. Evolutionary Biology, Cell-Cell Communication and
Complex Disease. Hoboken, New Jersey: Wiley-Blackwell. 
Uller, T. , Moczek, A.P. , Watson, R.A. , Brakefield, P.M. and Laland, K.N. 2018. Developmental
Bias and Evolution: A Regulatory Network Perspective. Genetics 209(4): 949-966. 
Walker, S.I. and Davies, P.C.W. 2013. The algorithmic origins of life. Journal of The Royal
Society Interface 10(79): 20120869. 
Walker, S.I. and Davies, P.C.W. 2016. The “Hard Problem” of Life. ArXiv Preprint ArXiv
:1606.07184. 
Walker, S.I. , Kim, H. and Davies, P.C.W. 2016. The informational architecture of the cell.
Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering
Sciences 374(2063): 20150057. 
Walsh, D.M. 2014. The negotiated organism: inheritance, development, and the method of
difference. Biological Journal of the Linnean Society 112(2): 295-305. 
Wang, Z. , Goyal, A. , Dubinkina, V. , George, A.B. , Wang, T. , Fridman, Y. and Maslov, S.
2021. Complementary resource preferences spontaneously emerge in diauxic microbial
communities. Nature Communications 12(1): 6661. 
Witzany, G. 2010. Biocommunication and natural genome editing. World Journal of Biological
Chemistry 1(11): 348. 
Witzany, G . (ed.). 2009. Natural Genetic Engineering and Natural Genome Editing. Hoboken,
New Jersey: Wiley-Blackwell. 
Xavier, J.B. 2011. Social interaction in synthetic and natural microbial communities. Molecular
Systems Biology 7(1): 483. 

 
Conclusion—The Intelligent Measuring Cell 
Auboeuf, D. 2021. The Physics—Biology continuum challenges darwinism: Evolution is directed
by the homeostasis-dependent bidirectional relation between genome and phenotype. Progress
in Biophysics and Molecular Biology 167: 121-139. 
Baverstock, K. 2021. The gene: An appraisal. Progress in Biophysics and Molecular Biology
164: 46-62. 
Bongard, J. and Levin, M. 2021. Living Things Are Not (20th Century) Machines: Updating
Mechanism Metaphors in Light of the Modern Science of Machine Behavior. Frontiers in
Ecology and Evolution, 650726. 
Brown, O.R. and Hullender, D.A. 2022. Neo-Darwinism must Mutate to survive. Progress in
Biophysics and Molecular Biology 172: 24-38. 
Corning, P.A. 2020. Beyond the modern synthesis: A framework for a more inclusive biological
synthesis. Progress in Biophysics and Molecular Biology 153: 5-12. 
Crkvenjakov, R. and Heng, H.H. 2022. Further illusions: On key evolutionary mechanisms that
could never fit with Modern Synthesis. Progress in Biophysics and Molecular Biology 169-170:
3-11. 
Goldenfeld, N. and Woese, C. 2011. Life is Physics: Evolution as a Collective Phenomenon Far
From Equilibrium. Annual Review of Condensed Matter Physics 2(1): 375-399. 
Marijuán, P.C. and Navarro, J. 2021. From Molecular Recognition to the “Vehicles” of
Evolutionary Complexity: An Informational Approach. International Journal of Molecular
Sciences 22(21): 11965. 
Marijuán, P.C. and Navarro, J. 2022. The biological information flow: From cell theory to a new
evolutionary synthesis. Biosystems 213: 104631.



Mayr, E. 1970. Populations, species, and evolution; an abridgment of Animal species and
evolution. Cambridge, Massachusetts: Harvard University Press. 
Miller, W.B. 2016. Cognition, Information Fields and Hologenomic Entanglement: Evolution in
Light and Shadow. Biology 5(2): 21. 
Miller, W.B. 2018. Biological information systems: Evolution as cognition-based information
management. Progress in Biophysics and Molecular Biology 134: 1-26. 
Miller, W.B. , Baluška, F. and Torday, J.S. 2020a. Cellular Senomic Measurements in
Cognition-Based Evolution. Progress in Biophysics and Molecular Biology 156: 20-33. 
Miller, W.B. , Torday, J.S. and Baluška, F. 2019. Biological evolution as defense of “self’.
Progress in Biophysics and Molecular Biology 142: 54-74. 
Miller, W.B. , Torday, J.S. and Baluška, F. 2020b. The N-space Episenome unifies cellular
information space-time within cognition-based evolution. Progress in Biophysics and Molecular
Biology: 112-139. 
Neal, S. , McCulloch, K.J. , Napoli, F.R. , Daly, C.M. , Coleman, J.H. and Koenig, K.M. 2022.
Co-option of the limb patterning program in cephalopod eye development. BMC Biology 20(1):
1. 
Noble, D. 2012. A theory of biological relativity: no privileged level of causation. Interface
Focus(1): 55-64. 
Noble, D. 2021. The Illusions of the Modern Synthesis. Biosemiotics 14(1): 5-24. 
Torday, J. 2016. The Cell as the First Niche Construction. Biology 5(2): 19. 
Torday, J.S. and Baluška, F. 2019. Why control an experiment? EMBO Reports 20(10). 
Torday, J. and Miller, W. 2020. Cellular-Molecular Mechanisms in Epigenetic Evolutionary
Biology. Cham, Switzerland: Springer. 
Woese, C.R. 2002. On the evolution of cells. Proceedings of the National Academy of
Sciences(13): 8742-8747. 

 


