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This paper proposes an integrated-structure notion of interlevel (part-whole) emergence, from a dynamic relational ontological perspective. First, I will argue that only the individualist essentialism of atomistic metaphysics can block the possibility of interlevel emergence. Then I will show that we can make sense of emergence by recognizing the formation of structures of transformative and interdependent causal relations in the generation and development of a particular class of mereological complexes called integrated systems. Finally, I shall argue that even though the emergent structural attributes of such systems are not micro-determined nor micro-reducible, they can still be accounted for by an interlevel integrative neo-mechanistic form of explanation.
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	See, for example, Mark Bedau and Paul Humphrey’s characterizations of emergence: “(1) Emergent phenomena are somehow constituted by, and generated from, underlying processes; (2) Emergent phenomena are somehow autonomous from underlying processes” (Bedau 1997: p. 376); “Emergence is, broadly speaking, the view that there are features of the world—objects: properties, laws: perhaps other things—that are manifested as a result of the existence of other, usually more basic, entities but that cannot be completely reduced to those other entities” (Humphreys 2006: p. 90).


	Following Auyang, I take here the notion of ‘quantitative’ as having “a more general meaning than that regarding amount or size. (…) An individual has various characters, the summary of which is called the individual’s state. The general concept of a character can be analyzed into two elements, a type and a value. Blue and red are values of the character type color; big and bigger, values of size. Other characters are temperature, weight, and annual income; their values − 25 °C, 250 kg, and $25,000—are the definite predicates attributed to individuals, and their types are represented in the units: degrees Celsius, kilogram, and dollar” (Auyang 1999: p. 177, 49).


	We owe to David Bohm one of the most accurate descriptions of the atomistic commitment, when he characterized the classical mechanistic view within Physics: “At bottom, the only changes that are regarded as possible within this scheme are quantitative changes in the parameters or functions (…), while fundamental qualitative changes in the modes of being of the basic entities and in the forms in which the basic laws are to be expressed are not regarded as possible. Thus, the essence of the mechanistic position lies in its assumption of fixed basic qualities, which means that the laws themselves will finally reduce to purely quantitative relationships” (Bohm 1984: p. 47, 131).


	Bitbol (2012) points out the importance of this distinction in the understanding of the behaviour and properties of a carbon atom given by quantum chemistry. Some of the chemical bonds the carbon atom can establish can be derived from the structure of the atom and can thus be accounted for by micro-reductionism. Still, in most cases, that is not possible. As Bitbol says: “If one starts from a quantum model of an isolated atom of carbon, one can predict neither its valence nor the geometry of its possible chemical bonds” (2012: p. 250). In other words, “the physical model of the isolated carbon atom taken as the starting point of bottom-up synthesis does not coincide with the chemical model of carbon-components of molecules that is the end product of top-down analysis. The bottom-up elements (2s2, \(2_{x}^{1} ,2_{y}^{1}\)-isolated carbons) do not coincide with the top-down components (sp3-hybridized carbons)” (Ibid.). Specifically, we need to know the other atoms with which that carbon atom will interact, the chemical bonds which will be established, the geometry of each specific molecule, and the relative position of the carbon atom within the molecular chain. I thank the anonymous reviewer who called this issue and Bitbol’s paper to my attention.


	For the fundamental difference between this notion of ‘internal relation’, originally elaborated by monist philosophers of the late nineteenth century, and the particular ways in which that notion was reformulated by Russell, Armstrong and Lewis, see Humphreys (2016: pp. 103–116), and Dunn (1990a, b).


	In this sense, my relational-transformative account of emergence differs from the transformational account that has been proposed by Humphreys (2016), Guay and Sartenaer (2016) and Sartenaer (2018), given their essentially ‘flat’ (‘same-level’ or ‘inter-domain’) perspective. Furthermore, such flat accounts do not consider the occurrence of relations or interactions as a necessary generating source of transformational processes of emergence. More recently, Anjum and Mumford (2017) also advocated a causal-transformative model of emergence, which is generally in line with the view proposed in Santos 2015a, albeit presented in the framework of their specific version of powers ontology and theory of causation.


	Against the ‘Simple view of aggregation’, Gillett endorses “the scientific emergentist’s ‘Conditioned view of aggregation’, which implies components have some powers in complex collectives that they would not have if the laws or principles applying in simpler collectives exhaustively applied in the complex aggregation” (2016: pp. 17–18).


	I borrow this notion of ‘structural conditioning’ from Archer (1995).


	The notion of mechanism can be defined as “a structure performing a function in virtue of its component parts, component operations, and their organization. The orchestrated functioning of the mechanism, manifested in patterns of change over time in properties of its parts and operations, is responsible for one or more phenomena” (Bechtel and Abrahamsen 2010: p. 323). Alternatively, Glennan and Illari proposed the following minimal notion of mechanism: “A mechanism for a phenomenon consists of entities (or parts) whose activities and interactions are organized so as to be responsible for the phenomenon” (2018: p. 2).


	According to Levins, an engineer’s circuit is a system in which the way the different parts (viz., units, condensers, transistors, wires, switches, etc.) are interrelated determines the system’s properties. Therefore, the properties of the system will not be derivable from simple statistics of the properties of individual parts, as it typically happens in the case of aggregate systems. In this kind of systems, the individual parts, although physically interacting with each other, “affect the properties of the whole only by virtue of being part of a mean, or a variance, as a part of frequency” (Levins 2011: p. 75). On the contrary, in simply composed or component systems, structure or organization matters. Still, “the properties of the parts do not affect the mode of response of each other, but only the way in which a signal is processed that passes through all of them” (Levins 2011: p. 76).


	Given the notion of integrated system, it is clear that the more the parts’ activities are mutually interconnected and interdependent, the more intertwined or entangled they become, and the less “successful is a sequential account of the mechanism in which each operation is treated as independent of the others” (Bechtel and Richardson 2010: p. xxxv). Therefore, it is natural to find some systems which seem to defy the classical mechanistic strategies of decomposition and localization. In such cases, the explanation of the system can only be referred to the global organization of its parts (2010: p. 27, 32), since parts “do not seem individually to contribute to anything of interest to understanding the behaviour of the whole” (2010: pp. 202–203). This fact raises, certainly, the problem of the limits of any mechanistic account, since the behaviour of those systems only seems to be accountable for by means of dynamical mathematical explanations, which do not refer to the micro-level interactions among the system’s parts, but rather characterize the development of the system in terms of its own higher-level variables. Silberstein and Chemero (2013) argued that, in systems neuroscience, explanations are not grounded on decomposition and localization, but rather on mathematical explanations in a more lawlike fashion. The question is then whether such alternative forms of explanation conflict with each other or can rather be seen as complementary. Bechtel, for example, has been defending the need of a new dynamic mechanistic explanation. I cannot, of course, pretend to have a conclusive answer to such a question. Still, I tend to favour the second alternative since the critical issue seems to me dependent on possible scientific and technological future developments (Bechtel and Richardson 2010: pp. xxxv–xxxvi; Kaplan 2018). The limits of the mechanistic approach must be thus taken as an open empirical question. We cannot settle the question a priori (but see: Silberstein 2020).


	This is why there is no substantial difference between the one–one (e.g., Wilson 2015; Baysan and Wilson 2017) and the one-many (Gillett 2016) readings of emergence relation. In my view, an emergent systemic attribute is both emergent from the collection or plurality of the parts in terms of their intrinsic properties and associated relations, as well as from the combinatorial-structural property which applies to that set.


	As Lewontin has so often emphasized, “DNA is a dead molecule, among the most nonreactive, chemically inert molecules in the living world. (…) DNA has no power to reproduce itself. Rather it is produced out of elementary materials by a complex cellular machinery of proteins. Although it is often said that DNA produces proteins: proteins (enzymes) produce DNA (…) Not only is DNA incapable of making copies of itself, aided or unaided, but it is incapable of ‘making’ anything else” (Lewontin and Levins 2007: p. 239). See also: Lewontin (2000) and Shapiro (2009).


	The debate about the precise relations between the notions of ‘constrain’ and ‘control’, as well as about their relations with the notion itself of ‘causation’, although highly relevant, goes well beyond the limits and the immediate goals of this paper. Still, see, for example: Juarrero (1999: pp. 131–162); Moreno and Mossio (2015: pp. 1–38); Winning and Bechtel (2018).


	From this perspective, I diverge from Gillett (2016), since his notion of downward causation (called ‘machresis’) is taken to be both non-causal and non-compositional.


	In this sense, I diverge from the transformational account proposed by Ganeri (2011), since in Ganeri’s view, emergent properties are instantiated by the transformed parts in their blending state, not by the system: “the elements themselves acquire new causal powers when they are in a certain state, namely the state of jointly composing a body: powers that they did not have beforehand when they were in other combinations with other elements. This is different from the view that the body as a whole has powers which none of its parts have individually. It is instead the view that the parts themselves have new powers conditionally upon their membership of the whole” (2011: p. 686). As Peter Simons rightly notes, it is important “to distinguish between a collection of many individuals and the one individual they compose, if they do” (2006: p. 599, n.4). From this perspective, my account fits the ‘new object’ type of response to the collapse problem as proposed by Baysan and Wilson (2017).


	As Bechtel lucidly observed, “mechanistic explanations are inherently reductionistic insofar as they require specifying the parts of a mechanism and the operations the parts perform. But they also require consideration of the organization of the whole mechanism and its relation to conditions in its environment since it is only when appropriately situated that a mechanism will produce the phenomenon of interest” (Bechtel 2011: p. 538—italics inserted). Therefore, “[t]he notion of reduction that arises with mechanistic explanation (…) is very different from that which has figured either in popular discussions or in recent philosophy of science, and its consequences are quite different. (…) While the functioning of a mechanism depends upon its constitution, it also depends on its context, including its incorporation within systems at yet higher levels of organization” (Bechtel 2006: pp. 40–41).
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