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p. 28 

“He used questionnaires” – Galton (1884)  

“Greatly influenced by Darwin” – Galton (1883)  

“Early in his career Allport visited Freud” – This text is a paraphrase of a quote from Allport 

(1967) in Hall, et al (1998) p. 272 

“Raymond Cattell also applied” – Summarized by Plomin et al (2012) 
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“For example, in their 1959 book The Language of Psychology” – Mandler and Kessen (1959) 

“In other words, the function or circuit” – Mandler and Kessen (1959); Kelley (1992); Fletcher 

(1995); Marx (1951) 

“Kurt Danziger, in his insightful book Naming the Mind” – Danziger (1997a) 

p. 35 

“To reiterate an earlier point” – LeDoux (2012, 2017); Krakauer, et al (2017); Cisek (2019); 

Pessoa, et al (2022) 

“In 1620, Francis Bacon wrote” – Bacon (1620) 

p. 36 

“As Cameron Brick and colleagues put it” – Brick, et al (2021) 

“But as thoughtful psychologists” – Brick, et al (2021) 

“He proposes that we treat disorders” – Schaffner (2016, 2020a, 2020b, submitted) 
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Chapter 5 – A Path Forward 

p. 42 
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“The evolutionary points” – Novikoff (1945); Maynard Smith and Szathmary (1995) 

“Volk referred to the resulting state changes” – Volk’s dynamic realms (Volk (2010) clearly 
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p. 45 

“Every such event is preceded” – LeDoux (2020); LeDoux and Lau (2020) 
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“A case could be made” – Margolis (2017) 

“Realms of existence are analogous” – Bottani and Davies (2006) provide an overview of 

philosophical ontological modes. 

“There have been many such proposals” – Partitioning nature into ontological categories goes 

back to the Ancients. Aristotle, for example, distinguished between vegetative, animative, and 

rational partitions of the human existence. Recent philosophical proposals about ontological 

modes or realms include: Dennett (2017); Metzinger (2014), Ginsburg and Jablonka (2019), and 

Margolis (2017). Biologists who have proposed ontologies include Bichat (1800, translated 

1977), Bernard (1865, translated 1961), Tinbergen (1955); and neuroscientists include Joseph 

Altman (1966), Alfred Romer (1972), Antonio Damasio (1999), Jaak Panksepp (1998), 
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between genes, cells, tissues, organs, and neural networks result in measurable states. But there 
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“Because of Bernard’s stature” – Federspil and Sicolo (1994)  

 “Bernard’s anti-Darwinian perspective” – LaFollette and Shanks (1994) 
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“They consider life a mysterious and supernatural force” – Bernard quoted in Federspil and 

Sicolo (1994) 

“And Darwin’s proposal that all life” – Haldane (1929) 

“With the discover of the replication capacities” – Watson and Crick (1953); for a discussion of 

origin of life theories, see LeDoux (2019). 
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(2020). 
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“While Bernard had shown that the body” – Cannon (1929) 

“Although Cannon, and many” – Selye (1975); McEwen (1994, 2017); Schulkin, et al (1994); 

Sapolsky (1998) 

“They are about how the body” – Davies (2016) 
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“It refers to the body’s ability” – Sterling (2012) 

“The health and vitality of the organism” – Billman (2020) 



“Without energy . . .” – Picard, et al (2018) 
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 “Some terms come right out” – Thanks to Dennis Tirch for suggesting terms from Eastern 

spiritualism. 
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(2020); Matloff (2016); Tweedale (2017) 
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“For example, a position called integrated information theory” – See Tononi, et al (2016) 

“Considerable pushback has been directed” – A long list of scientists signed a document stating 

that integrated information theory is not "scientifically established or testable at the moment.” 
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“Some have said that integrated information theory” – Michel and Lau (2020) 
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“Plato is said” – Kemerling (2011), based on Phaedo (67d) 

 “Hence the word ‘organism”” – Haeckel (1904) 
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“Two genetic properties are especially important” – Folse and Roughgarden (2010); Michod and 

Roze (2001); Santelices (1999); Wilson and Barker (2019); Pradeu (2010) 

“As a result, organisms are able” – Folse and Roughgarden (2010); Michod and Roze (2001) 



“Three key features of organisms” – These points by Maturana and Varela (1987) were 
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“Like organisms, machines are complex entities” – Altman (1966) 
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Simon (1972); Minsky (1961); Schneider (2019); Kurzweil (2012) 
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“As articulated by Richard Lewontin” – Lewontin (1970, 1983) 
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“Over time, if the organism” – Which organisms are included within a species, and when a new 
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things in nature. 

“Leo Buss expanded” – This discussion of Buss (1987) is based on a summary by McConwell 

(2017) 

“‘Mesoforms’ (i.e. intermediate forms)” – Novikoff (1945). the phrase 'intermediate forms' was 

added by me to explain what a 'mesoform' refer to. Quote taken from Altman (1966). 
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“Building on such ideas” – This discussion of Maynard Smith and Szathmary (1995) is based on 

a summary by McConwell (2017) 

“Paraphrasing the evolutionary biologist Richard Michod” – Michod (2005) 

“This is a crucial point for understanding” – LeDoux 2019 

“The views considered so far” – Lewontin (1970, 1983) 
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“For example, the philosopher of biology David Hull” – Hull (1992) 

“He notes that although organisms” – paraphrase from Buss (1987) 
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“The resulting combined biological individual” – Gilbert, et al (2012) 

“It has even been proposed that cancer occurs” – Pennisi (2018) 

“Hull’s challenge” – Wilson and Barker (2019)  

“The philosopher Peter Godfrey-Smith” – My summary of Godfrey Smith’s views is based on 

Wilson and Barker (2019). Key citations are Godfrey-Smith (2009, 2013). 
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“This model differs from Richard Dawkins’s well-known theory” – Dawkins (1976) 

“The surivial of replicators” – Wilson and Barker (2019) 

“This position, by contrast with the notion” – Pradeu (2010, 2016) 
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“The immune system plays a key role” – Pradeu (2012) 

“Pradeu’s view goes against” – Burnet and Fenner (1949); Langman and Cohn (2000) 

“He says this can’t be correct” – Pradeu (2019) 

“An influential article by Robert Wilson and Matthew Barker” – Wilson and Barker (2019) 

p. 70 

“Some basic principles of cell-to-cell interaction” – see LeDoux (2019) 

“In fact, true multicellular organisms” – Summarized in LeDoux (2019) 

p. 71 

“A multicellular organism is a functional unit” – Niklas and Newman (eds.) (2016) 
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“Derek Skillings has referred” – Skillings (2017) 



“Identity, on the other hand” – for additional discussion of individuation see 

https://en.wikipedia.org/wiki/Individuation 

“Yet neither individuality nor identity” – Cameron and Kulick (2003); Inoue (2007); McIlyenny 

(2002) 
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“Early on in writing this book” – Romer (1958, 1972) 

 

“then republished in the 1970s” – Dobzhansky et al, (1972) 

“His 1955 textbook, The Vertebrate Body” – Romer (1955) 

p. 75 

“In particular, in some vertebrates” – Subbotin (2016) 

“But in other respects there seems to be” – Romer (1958, 1972) 

 

Part III – The Neurobiological Realm 

Chapter 9 – It Took Nerve 

p. 81 

“Animals were the last” – The discussion of the evolution of animals and their nervous systems 

in this chapter is based on my book The Deep History of Ourselves (LeDoux, 2019). Some 

ources from that book are repeated here to make specific new points. 
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“Cells that have these features” – Neurons are not the only cells of the nervous system. Also 

important are glial cells. For example, see Badimon, et al (2020) and Jakel and Dimou (2017). 

“They existed for other purposes” – Brunet and Arendt (2016) 



“But for sheer physical reasons” – van Duijn (2017) 

p. 84 

“These hold individual protozoa together” – Niklas (2014); Grosberg and Strathmann (2007) 

“They, unlike sponges” – Shubin, et al (2009) 

“All of this suggests” – Conaco, et al (2012) 

“Of the Cnidaria” – Greenspan (2007) 

p. 85 

“Specially, jellyfish have two concentrated collections” – Arendt, et al (2016) 

p. 86 

“These collections of peripheral neurons” – Arendt, et al (2016); Bertucci and Arendt (2013); 

Nomaksteinsky, et al (2009, 2013) 

“Cnidaria also contributed” – Kanaya, et al (2020) 

“The first beneficiaries” – An alternative hypothesis is that centralization evolved several times 

in early bilaterals. Whether this happened is not crucial here. For a discussion of these issues see: 

Northcutt (2012); Erwin (2007) 

“The reason why most animals” – Northcutt (2012), and in Erwin (2007) 

p. 87 

“But directional control” – Cisek (2019) 

“Early bilateral animals” – Lorenz (1965) 

“But they involve much more complex patterns” – Camhi (1984); Grillner, et al (1998) 

“Although fixed reactions” – Lehrman (1953); Elman, et al (1997); Samuels (2004); Stich (1975) 

p. 88 

“The period between about 540 to 480 million years ago” – Erwin and Valentine (2013) 

“Armed with powerful species-typical reactions” – Dawkins and Krebs (1979) 



“Predation and defense” – A leading idea about the cause is a sharp increase in oxygen due to the 

proliferation of terrestrial vegetation. See Parfrey, et al (2011) 

“According to Thomas Hills” – Hills (2006); Hills, et al (2015) 

“It is called area-restricted search” – Laing (1937); Knell and Codling (2012) 

“This foraging pattern” – Bennett (2021) 

“Arms races” – Hills, et al (2015) 
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“As Simona Ginsburg and Eva Jablonka argue” – Ginsburg and Jablonka (2010). One issue with 

this hypothesis is that studies have found that associative learning may occur Cnidaria, which 

lack a true central nervous system. Also, some authors suggest that associative learning goes 

back at least to protozoa (Giurfa, 2013); van Duijn,2017); Moore,2004), which lack a nevous 

system altogether. But most agree associative learning 'exploded' in animals during the 

Cambrian. Even if Cnidaria and protozoa possess some primitive or associative ability, it surely 

pales in complexity to what bilateral animals with central nervous systems achieved. And it 

seems incontrovertible that expanded capacities for associative learning coincided with the 

increasing sophisticated central nervous systems that were emerging in bilateral animals during 

the Cambrian. 

“Although the evolutionary emergence” – Ginsburg and Jablonka (2010) 

“As a result” – Schultz (2013) 

p. 90 

“Supporting their hypothesis” – Kandel (2001) 

“That is, when a behavior succeeds” – Thorndike (1898) 

 

Chapter 10 – Vertebrates and Their Nervous Systems 
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“Most invertebrates” – Much more about the relation of deuterostomes and protostomes to each 

other, and to their common bilateral ancestor can be found in LeDoux (2019) 



“The remaining invertebrates” – There are some other deuterostome invertebrates, such as star 

fish, which we don't need to consider as they are not in the direct evolutionary chain that led to 

vertebrates. 
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“The brain of invertebrate chordates” – Holland (2015) 

“Reflecting their chordate history” – Of the chordate invertebrates, urochrodates are a bit closer 

evolutionarily to vertebrates than cephalochordates are. However, because urochrodates have 

diversified more over that past 500 million years, present day cephalochordates, like lancelets, 

provide a clearer picture of what the invertebrate chordate ancestor of vertebrates and their 

nervous systems was like early on (Holland, 2015). Lancelets have only a primitive small neural 

swelling in the head, and are often said to be brainless. But the key to unlocking an animal's 

evolutionary history is often in the immature, larval forms of the animal. Indeed, recent studies 

of larval lancelets have found cellular features and genes that are characteristic of the primitive 

parts of the vertebrate brain.  

“For example, their bodies” – Glanzman (2010) 

“An important example” – Thiery (2003); Sanes, et al (2012) 

“Later, they contribute” – Martin and Kandel (1996); Sytnyk, et al (2017); Lin, et al (2003); 
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“Indeed, genetic evidence” – Grant (2016) 
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“The first vertebrates” – This section on the diversification of vertebrates and the evolution of 

reptiles and mammals is based research I did for The Deep History of Ourselves (LeDoux, 2019), 

and some additional sources cited below. 

“This happened when fishapods” – Shubin (2008) 

p. 96 

“Because of this arrangement” – Striedter (2005) p 259 

“The resulting higher metabolic rates” – Rudebeck and Izquierdo (2022) 

p. 97 



“Most mammals remained nocturnal” – This paragraph is based on Hall et al (2012); Kaas et al 

(2022); Cisek (2022); Striedter and Northcutt (2021) 

p. 98 

“And differences in the degree” – Preuss and Wise (2022) 

p. 100 

“This reflects the pre-Darwinian idea” – Hodos and Campbell (1969); Rigato and Minelli (2013) 

“For example, around the turn” – Edinger (1908); The philosophical historian Paul Patton has 

defended Edinger against his contemporary critics, say that he retracted some of his linear views 
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